


Healthy Longevity in China



THE SPRINGER SERIES ON

DEMOGRAPHIC METHODS AND
POPULATION ANALYSIS

Series Editor

KENNETH C. LAND
Duke University
In recent decades, there has been a rapid development of demographic models
and methods and an explosive growth in the range of applications of population
analysis. This series seeks to provide a publication outlet both for high-quality
textual and expository books on modern techniques of demographic analysis
and for works that present exemplary applications of such techniques to various
aspects of population analysis.

Topics appropriate for the series include:

• General demographic methods
• Techniques of standardization
• Life table models and methods
• Multistate and multiregional life tables, analyses and projections
• Demographic aspects of biostatistics and epidemiology
• Stable population theory and its extensions
• Methods of indirect estimation
• Stochastic population models
• Event history analysis, duration analysis, and hazard regression models
• Demographic projection methods and population forecasts
• Techniques of applied demographic analysis, regional and local

population estimates and projections
• Methods of estimation and projection for business and health care

applications
• Methods and estimates for unique populations such as schools and students

Volumes in the series are of interest to researchers, professionals, and students in
demography, sociology, economics, statistics, geography and regional science, public
health and health care management, epidemiology, biostatistics, actuarial science,
business, and related fields.

The titles published in this series are listed at the end of this volume.



Healthy Longevity in China
Demographic, Socioeconomic,
and Psychological Dimensions

edited by

Zeng Yi
Duke University, Durham, NC, USA; Peking University, Beijing, China

Dudley L. Poston, Jr.
Texas A&M University, College Station, TX, USA

Denese Ashbaugh Vlosky
Louisiana State University, Baton Rouge, LA, USA

Danan Gu
Duke University, Durham, NC, USA



Editors

Zeng Yi
Duke University Durham, NC, USA
Peking University, Beijing,
China

Dudley L. Poston, Jr.
Texas A&M University,
College Station,
TX, USA

Denese Ashbaugh Vlosky
Louisiana State University,
Baton Rouge, LA,
USA

Danan Gu
Duke University,
Durham, NC,
USA

ISBN: 978-1-4020-6751-8 e-ISBN: 978-1-4020-6752-5

Library of Congress Control Number: 2007941177

c© 2008 Springer Science + Business Media B.V.
No part of this work may be reproduced, stored in a retrieval system, or transmitted
in any form or by any means, electronic, mechanical, photocopying, microfilming, recording
or otherwise, without written permission from the Publisher, with the exception
of any material supplied specifically for the purpose of being entered
and executed on a computer system, for exclusive use by the purchaser of the work.

Printed on acid-free paper.

9 8 7 6 5 4 3 2 1

springer.com



Preface

The Chinese Longitudinal Healthy Longevity Study (CLHLS) was launched a
decade ago. Professor Zeng Yi, Professor Xiao Zhenyu and I, with help from various
researchers at Peking University, the Chinese Academy of Social Science, Duke
University, the Max Planck Institute for Demographic Research, and the University
of Southern Denmark, coordinated the design of the study and the required fundrais-
ing. The Max Planck Institute for Demographic Research provided some modest
but crucial seed money. A continuing research grant from the National Institute on
Aging (NIA) of the U.S. National Institutes of Health covered international research
expenditures as well as some expenses in China; I was the original director of this
grant, but Zeng Yi has now taken on that responsibility. The bulk of the effort in
carrying out the survey—a mammoth undertaking—as well as much of the anal-
ysis in China was provided by Peking University and the other involved Chinese
institutions.

In our 1997 grant application to the NIA, we argued that it is important to study
people 80 years old and older—the oldest-old—because this segment of the pop-
ulation is rapidly growing, not only in developed countries but also in China and
many other developing countries. United Nations statistics indicate that the global
population of the oldest-old is growing at 3.4 percent annually. Because of this rapid
growth, the world’s oldest-old may number almost 200 million in 2030 and almost
400 million in 2050, compared with less than 70 million in 2000. The oldest-old are
especially significant because of the intensive health and social care they require—
and because, compared with other segments of the population, so little is known
about their needs and about opportunities to improve their health and wellbeing.

More specifically we argued in our 1997 grant application that the elderly in
China were worthy of careful study. China is home to about a fifth of the world’s
population—and about a fifth of the world’s elderly population. As described in the
introductory chapter of this book, the pace of increase in the numbers and propor-
tions of the elderly and the oldest-old in China is extraordinary. The numbers of the
elderly in China are being swelled by the survivors of the huge cohorts born in the
1950s and 1960s. The rise in the percentage of people in China who are elderly is
further fuelled by the rapid decline in fertility since the 1970s.

As demographers we were aware of the problems of age misreporting that make
studies of the oldest-old problematic in many countries. For some of the minority
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populations of China this is a major concern, but for the Han Chinese, who make
up the great bulk of the Chinese population, reports of age are generally accurate.
This was documented by various scholars and confirmed by a pilot study reported
in article by Wang Zhenglian, Zeng Yi, Bernard Jeune and me in Genus.

Thus we were convinced in 1997 that it was feasible and important to conduct
a longitudinal study focusing on the determinants of healthy longevity among the
oldest-old in the 22 provinces of China with overwhelmingly Han Chinese popu-
lations. Under the leadership of Professor Zeng Yi and co-investigator Professor
Xiao Zhenyu and with the help of hundreds of survey enumerators and other sci-
entists, the CLHLS was successfully launched and continued over the past decade.
As summarized in Chapter 2 of this book, the first survey was undertaken in 1998
with follow-up surveys in 2000, 2002 and 2005. These four surveys included in-
terviews with about 9,000, 1,1000, 1,6000 and another 16,000 elderly people. In
total, face-to-face interviews have been conducted with nearly 11,000 centenarians,
more than 14,000 nonagenarians, some 16,500 octogenarians and almost 10,000
people aged 65–79. At each wave, CLHLS re-interviewed survivors, and replaced
deceased interviewees with additional participants. For the 12,500 people who died
(at ages from 65 to more than 105) between waves, data on mortality and health
status before death were collected in interviews with a close family member. No
other study anywhere in the world has conducted detailed interviews with so many
centenarians, nonagenarians and octogenarians. Furthermore, the study of 10,000
people aged 65–79 is one of the largest such studies ever undertaken and provides
valuable information on the younger old in comparison with the oldest-old.

A decade ago little was known about the determinants of healthy longevity. We
documented this in our 1997 grant application. The scarceness of knowledge was
remarkable—given the interest people have shown in “secrets of long life” for thou-
sands of years and given the rapidly growing numbers of the oldest-old. We now
know much more, in important part due to research based on CLHLS data. As cited
in various chapters of this book and in the Epilogue, research output includes 24
articles in international journals, 91 articles in Chinese journals, 80 papers presented
at international conferences, at least 8 doctoral theses and at least 13 M.A. degree
theses, 11 policy reports submitted to governmental agencies and four books pub-
lished in China (two of them in both Chinese and English).

The research in this book represents an important milestone in our emerging
understanding of how individuals can endeavor to live a long, healthy life and
how societies can help them do so. The book captures highlights of a decade of
effort—by the tens of thousands of Chinese who were interviewed, by the hundreds
of survey enumerators who organized and carried out the interviews, and by the
scores of scientists who have sifted through the data. We still have only a partial
understanding of the determinants of healthy longevity, but we have a consider-
ably better understanding than we had a decade ago—and we can look forward to
prospects for deeper understanding based in significant measure on further analysis
of data from the ongoing CLHLS endeavor.

Director, Max Planck Institute for Demographic Research James W. Vaupel
Research Professer, Duke University
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Chapter 1
Introduction: Aging and Aged Dependency
in China

Dudley L. Poston Jr. and Zeng Yi

Abstract This introductory chapter reviews China’s demographic history so to
provide a perspective for the empirical analyses of healthy aging and longevity
in the chapters of the book that follow. In the chapter we also present trend data
and population projection data from 1950 to 2050 for China’s elderly population.
We show that the aged dependency burdens on the producing populations of China
have increased from the past (1950) to the present (2000) and will become even
heavier in the decades ahead (to 2050). China is projected to be older than the U.S.
in 2050; moreover, its transition to becoming an elderly population has occurred
more quickly than in the U.S. These dynamics have important implications for the
society, and are discussed in this chapter.

Keywords Aged dependency, Aged dependency burden, China, Dynamic
equilibrium, Elderly population, Family planning, Fertility decline, Compression of
morbidity, Oldest old population, One-child policy, Parent support ratio,
Population aging, Population growth, Population projection, Prevalence of
morbidity, The United States, Total dependency ratio, Youth dependency ratio

1.1 Introduction

The People’s Republic of China is the most populous country in the world. In the twen-
tieth century China experienced dramatic decreases in fertility and increases in life
expectancy. These changes have produced, and will continue to produce, large propor-
tions of elderly people, although China has only recently become a demographically
old country.Thisbook dealswith thedemographic, socioeconomic, and psychological
dimensions of healthy aging and healthy longevity in China. This introductory chapter
reviews China’s demographic history so as to provide a perspective for the empirical
analyses of healthy aging and longevity in the chapters that follow.

D.L. Poston Jr.
Department of Sociology, Texas A&M University, College Station, TX 77843, USA
e-mail: dudleyposton@yahoo.com

Zeng Yi et al. (eds.), Healthy Longevity in China. 1
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2 D.L. Poston, Zeng Yi

In this chapter we also present trend data and population projection data from
1950 to 2050 for China’s elderly population. We show that the aged dependency
burdens on the producing populations of China have increased from the past (1950)
to the present (2000) and will become even heavier in the decades ahead (to 2050).
China is projected to be older than the U.S. in 2050; moreover, its transition to
becoming an elderly population has occurred more quickly than in the U.S.

Of special interest for this book is the size of China’s older and oldest old pop-
ulations. In this chapter we follow the practice of the U.S. Bureau of the Census
(Velkoff and Lawson 1998) and refer to the older population as persons aged 60 and
over, and the oldest old as those aged 80 and over.

In the world in 2000, there were 591 million older persons, and over 68 million
oldest old.1 Of the world’s older population in the year 2000, over 21 percent of
them (or 128 million) live in China, compared to 7.6 percent (or almost 45 million)
living in the U.S. (see Table 1.1).

If the older population of China in the year of 2000 were a single country
it would be the eighth largest country in the world, outnumbered only by the
non-elderly population of China (1.1 billion), and the populations of India (almost
1.1 billion), the United States (285 million), Indonesia (212 million), Brazil (172

Table 1.1 Total population, older population, and oldest old population: world, China, and the
U.S., 2000, and 2010–2050

Year Total Older Oldest old

World
2000 5,995,544,836 591,389,484 68,259,980
2010 6,830,906,857 755,327,646 103,181,481
2020 7,561,076,957 1,018,949,740 136,919,697
2030 8,213,573,346 1,355,545,346 190,254,664
2040 8,809,366,772 1,663,858,895 284,553,277
2050 9,297,023,938 1,981,995,384 399,466,279
China
2000 1,268,985,201 128,215,415 11,069,279
2010 1,358,722,700 168,804,989 17,654,658
2020 1,422,937,380 240,217,728 24,018,400
2030 1,432,807,130 341,693,798 35,136,698
2040 1,410,644,753 395,615,825 57,409,084
2050 1,347,624,386 424,395,138 92,505,472
U.S.
2000 272,639,608 44,947,333 8,930,406
2010 298,026,141 55,623,834 11,227,361
2020 323,051,793 73,769,020 12,400,055
2030 347,209,212 87,874,783 18,009,972
2040 370,289,996 93,088,015 26,216,372
2050 394,240,529 99,459,187 30,200,741

1 Unless otherwise noted all data on population size and age composition for 2000 and projected
years are from the United Nations (2003).
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million), Russia (146 million), and Pakistan (143 million) (United Nations 2003).
Of the 69 million oldest old in the world, over 16 percent (or about 11.4 million)
live in China.

Until very recently China has tended to focus more on matters of population con-
trol than population aging (Poston and Duan 2000). In the early 1970s China came to
grips with the burgeoning size of its population and established a nationwide fertility
control program that stressed later marriages, longer intervals between children,
and fewer children. However, the large numbers of children born during China’s
“baby boom” in the early 1960s caused China’s leaders in the mid- to late 1970s to
become increasingly worried about demographic momentum and the concomitant
growth potential of this extraordinarily large cohort. Thus in 1979 they launched
the One-Child Campaign, requesting most families to have no more than one child,
especially those living in urban areas.

The birth control policies adopted since 1970, along with increasing levels of
socioeconomic development, resulted in a drastic decline in China’s fertility rate,
from levels greater than six children per woman in the early 1950s to under two in
the late 1990s, to 1.6 in the year 2005 (Population Reference Bureau 2006). The
fertility decline experienced in China has produced, and will continue to produce,
an unprecedented increase in the proportion of the elderly population.

It is important to recall that the relatively large numbers just noted for the older
and oldest old population of China in 2000 are numbers that were generated during
demographic regimes in which fertility and mortality rates declined. A consequence
of these transitions, especially unanticipated in China, is the proportionately larger
older and oldest old populations projected for the decades of this new century.

Table 1.1 shows population projection data for the total populations, the older
populations, and the oldest old populations of the World, China, and the United
States for the decennial years of 2010 through 2050. These projections are the so-
called “medium” projections of the United Nations (2003). They assume for the U.S.
and China that total fertility rates will increase/decrease slowly from their present
levels and will stabilize at 1.85 in 2045–2050. Mortality is projected to decline only
modestly between 2000 and 2050. And international migration for the two countries
is “set on the basis of past international migration estimates and an assessment of the
policy stance of the countries with regard to future international migration flows”
(United Nations 2003: Vol. I, 23).

In 2020 there are projected to be over 1 billion older persons in the world; almost
one-quarter of them (about 240 million) will be in China, and over 7 percent in the
U.S. By 2020, there will likely be almost 137 million oldest old people in the world,
with7 more than 19 percent of them living in China, and over 9 percent in the U.S.

By the midway point of this new century (in 2050), there are projected to be
nearly two billion older persons in the world out of a total population of 9.3 billion.
Of these almost two billion older persons, 424 million of them (nearly 22 percent)
will be residing in China, with 99 million (more than 5 percent) in the U.S.

This projected number of 418 million older persons in China in 2050 is a remark-
ably large number. The number of older persons alive in the world in 2000 (591
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million) is only 167 million more than the total number of older persons projected
to be living in China in 2050.

In the world in 2050, there are projected to be over 399 million oldest old people,
about 26 percent of them living in China. The 93 oldest old projected to be living
in China in 2050 is 1.4 times larger than the total number of 68 million oldest old
living in the entire world in 2000.

The U.N. projected numbers of elderly and the oldest old in China in the next
five decades (cited above) are rather conservative for two main reasons. First, the
mortality assumption used in the “medium” projection assumes that the Chinese
life expectancy slowly increases in 2050 up to a level 50 years later which is even
somewhat lower than that in Japan today (United Nations 2003: xxii). This is rather
conservative, given that further increases in life expectancy are likely to occur in
the future. Second, the U.N. projection employs the classic model life table ap-
proach which assumes that the age pattern of changes in death rates in the future
is the same as that observed in the past, namely, that death rates decline faster
at younger ages than at older ages. This approach has led to implausible values
(almost zero) of projected death rates at some young ages when mortality levels
are in fact very low (Buttner 1999: 8; United Nations, Population Division 1998:
7–8; Lee and Carter 1992: 666). If one adopts a more realistic approach which as-
sumes that changes in death rates at each age are proportional to the age-specific
death rates, the projected number of oldest old in China in 2050 would be 114
million under the medium mortality assumption (Zeng and Vaupel 1989; Zeng and
George, 2002).

This more realistic approach implies a faster decline of mortality at the ad-
vanced ages than at the young ages when the mortality level is low, and does not
produce almost zero death rates at young ages. In most developed countries, the
rate of reduction of death rates at the older ages has been accelerated and sub-
stantially higher than those at younger ages, especially since the 1970s (Kannisto
et al. 1994; Vaupel and 1994: 303; Vaupel et al. 1998: 855). This pattern is likely
to occur in China in the next few decades. Therefore, the number of oldest old
in China around the middle of this century could well be significantly larger than
100 million.

We have presented a series of demographic accounts, actual and projected, of the
total, older and oldest old populations of the world and China. China has emerged in
the past century as the largest country in the world with the largest numbers of older
and oldest old people. And the absolute and relative numbers of older and oldest old
will increase even more so in the decades of the next century.

But China was not always a country with a large population and with a large
number of elderly. In the next part of this chapter, we look at China’s demographic
past. We compare the growth of China with that of Europe for the past 600 years,
and with that of the U.S. for the past 200 years. We then consider the major factor
responsible for the very large current and projected numbers of elderly in China,
namely, the fertility transition. We also consider the very heavy dependency burdens
on the producing populations of China, and we show that the burdens will get even
heavier in the decades ahead.
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1.2 Population Growth over Time in Chine

Figure 1.1 charts the growth of the populations of China, Europe, and the U.S.
from 1400 to the present, and beyond to 2025. (Population data are provided for
the United States, starting in 1800.)

In 1400 the populations of China and Europe numbered 75 million and 60 million
respectively. In 1600 their population figures were 150 and 100 million respectively.
The population of China increased more rapidly than Europe during China’s last
dynasty, the Qing (1644–1911); but by the beginning of the last century Europe
had grown to 390 million, and by 1950 to 515 million, largely a result of its demo-
graphic transition (from high to low levels of mortality and fertility) which began
in the 1700s. China in the meantime had slackened its rate of growth so that by
1950, a year after Mao Zedong and the Chinese Communist Party established the
People’s Republic of China, China’s population was only 35 million larger than that
of Europe. In the meanwhile the U.S. grew from 5 million in 1800 to 158 million in
1950 (Durand 1967; Sun 1988; Banister 1992a; Lee and Wang 1999).

From 1950 to 2000 Europe grew by 213 million persons, while during the same
period China grew by 693 million, for a net population gain in the 50 years that
was 3.3 times larger than Europe’s. In the same period the U.S. increased from 158
million to 285 million, about one-half of the increase of Europe.

Most of China’s tremendous increases in the last half of the last century occurred
between 1950 and 1980 and were due to reductions in mortality and to high fertility
before the 1970s. The country introduced extensive fertility control programs in the
1970s causing the birth rate to plummet to below replacement levels in the 1990s.
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This very rapid fertility reduction occurring in a very large population is the main
cause of the unprecedented high proportion of elderly people projected for China
for the decades of the twenty-first century.

We focus now in more detail on China’s demographic history and consider
its population growth and change since the time of Christ. Of course, Chinese
civilization began much earlier than the time of Christ, with the Xia Dynasty, the
first dynasty of China, lasting from about the twenty-first century BC to the sixteenth
century BC. But we do not have demographic records of the Chinese population in
the centuries before Christ, other than an estimate of about 13 million at the start of
the Xia Dynasty (Sun 1988: 9); a figure that is difficult to verify.

During the Han Dynasty, China took a population count in 2 AD, and it showed
a population size of just under 60 million people (Banister 1992a).

Chinese population growth and declines over the 20 centuries since the time of
Christ have almost always been associated with dynastic growth and decay. Typi-
cally, the beginning of a new dynasty was followed by a period of peace and order,
cultural development and population growth. As population density increased, it
often exceeded the availability of food and the struggle for existence was intensi-
fied. Then there would come a period of pestilence and famine and a consequent
reduction in the size of the population.

Two thousand years of Chinese records and archives show that for all the cen-
turies prior to the seventeenth century, China’s population size increased and de-
creased at around 50–60 million. Indeed at the start of the Ming Dynasty (in 1368)
the size of China’s population was not much larger than it was at the time of Christ.
For all the dynasties up until China’s last dynasty, the Qing, China’s population
swayed roughly with the rise and fall of a dynasty (most dynasties reigned for about
200–300 years). The population grew during the initial years of the dynasty, but
rarely exceeded 80 million. Population size would then fall so that one-third or
sometimes one-half of the original population was decimated. Mortality then was
too high to allow much of an increase in population.

To illustrate, from 1400 to 1500, the size of the Chinese population did not
change appreciably, growing only by 25 million. It grew by another 50 million from
1500 to 1600 (see Fig. 1.1).

But since the mid-1700s after the establishment of the Qing Dynasty, there were
ever slight reductions in mortality so that the population kept growing beyond the
old limit of about 80 million. Indeed the Qing was the first dynasty to bring about
and to maintain a population size much above 100 million. By 1850, there were over
420 million people in the country, six to eight times the traditional level (of 60–80
million) that was the demographic norm 200 years or so previously (Sun 1988;
Banister 1992a).

The Qing was the only dynasty to live up to the perpetual Chinese ideal of “nu-
merous descendants.” It is indeed ironic that by achieving this ideal, not only was the
Qing overthrown, but China’s dynastic system of almost 4,000 years was eradicated.
Previously, declines in population resulted in the collapse of the dynasties.

When Mao Zedong and the Chinese Communists took over the country in 1949,
the population numbered about 550 million, a figure 30 percent higher than 100
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years earlier. This 550 million was about ten times larger than China’s historical
equilibrium population (say around 60 million).

Furthermore, as a socialist regime, the People’s Republic of China was founded
on the premise that the past years of chaos, civil war, and political instability were
now over. This resulted in a fresh impetus for population growth and led to levels of
natural increase of a very high scale. Between 1950 and 1980, China added about
another 433 million to its population (see Fig. 1.2). The population size of close
to 1.3 billion in 2000 is almost ten times the size of the mid-seventeenth century
population of around 130 million.

Here is another comparison. In the 300 years from 1650 to 1950, the average
annual increase of China’s population was around 1.5–1.6 million; this is 80–100
times greater than the annual increases in China before 1650. Since 1949, the
average annual increase in population climbed to around 14 million per year. In
the 1960s—the high growth years—the average annual increase was as high as 22
million. Even with the reduction of the birth rate in the 1970s, the average annual
population increases have been nearly 20 million (see Fig. 1.2).

In ancient China, an increase of 14–22 million people took 700–1,000 years. In
the 1960s, 1970s, and 1980s a population increase of between 14 and 22 million
occurred almost every year.

Population size in China is projected to start tapering off in the second decade of
this new century at about 1.4 billion. The United Nations (2003) projects that China
will reach its largest population size of about 1.45 billion in 2030 (see Fig. 1.2), and
will then begin to decline in size, falling back to almost 1.4 billion in the year 2050.

Since the early 1970s, China has experienced a pronounced and rapid decline in
its fertility, to a level reached in 1992 of 1.8, and to less than 1.6 in 2005. This tran-
sition is one of the most dramatic fertility reductions in the historical demographic
record.
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Fig. 1.3 Total fertility rates, China, and U.S.: 1950–2004

Figure 1.3 presents total fertility rates data for China from 1950 to 2004. China’s
TFR in 1950 was 5.8. It declined to 3.3 in 1961, then increased to 7.5 in 1963, fluc-
tuated throughout the mid- and late 1960s, and has been rapidly falling ever since.
It dropped below 3 in 1977, and fell by another half child by 1985; it dropped below
2 in 1992, and then to 1.7 in the late 1990s, and even lower in the early years of this
new century.

The fertility decline from the late 1950s through the early 1960s is thought
to have resulted from the “national hard times” (Chen 1984: 45) and famine ex-
perienced in China during and immediately after the Great Leap Forward. Coale
(1984: 57) has written that in addition to “famine-induced subfecundity,” the fertility
decline was also due to the “disruption of normal married life.”

During the 2 years from 1961 to 1963, the TFR increased markedly, from 3.3
to 7.5. According to Chen (1984: 45), this increase occurred in conjunction with
the economic recovery in China. Coale (1984: 57) has added that the increase also
“resulted from the restoration of normal married life, from an abnormally large
number of marriages, and from the unusually small fraction of married women who
were infertile.” These years of the early to mid-1960s were the period of China’s
“baby boom.” China experienced in the early 1960s the same kinds of growth that
occurred in the U.S. after World War II. China’s was of a shorter duration but of a
significantly higher magnitude. China’s TFR peaked at 7.5 in 1963. At the height of
the U.S. “baby boom” in 1957, the TFR was 3.7.

Fertility began a sustained decline in 1968 through 1980. The Chinese demog-
rapher Chen (1984: 45) observed that since the 1970s, “family planning work has
been widely carried out, and the total fertility rate has steeply declined year by year.”
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Western demographers agree that this decline in the 1970s “was almost certainly the
result of an increase in deliberate (fertility) control” (Coale 1984: 58; Mauldin 1982;
Bongaarts and Greenhalgh 1985; Wolf 1986). There is also evidence showing sig-
nificant variability in fertility among China’s subregions today and in past decades.
Those areas that have experienced the greatest reductions in fertility have had more
“profound changes in socioeconomic structure” (Tien 1984: 385; also see, Birdsall
and Jamison 1983; Poston and Gu 1987; Poston and Jia 1990; Poston 2000).

Thesomewhat lowerTFRs in theearly and mid-1980shavebeen viewedby someas
due to a stringent implementation of China’s population and family planning policies,
particularly the “one child per couple” policy (Tsuya and Choe 1988; Tien 1989).

The total fertility rate then increased in the late 1980s to 2.6 in 1987. This increment
was due in part to a relaxation of China’s “one child per couple” policy. China was
allowing more couples, particularly those in the rural areas, to have a second child.
But the policies from the late 1980s to the 1990s have been sometimes implemented
more stringently and sometimes less stringently, resulting in slight increases in the
late 1980s, and then the decreases in the 1990s, leading to the current very low TFR.

These trends in fertility in the country as a whole are averages. There are vast
differences in the fertility trends in urban compared to rural areas (Poston 1992). By
the early 1970s, there was as much as a three child difference between the fertility
rates of urban and rural women. Even in 1981, for instance, rural fertility was more
than 100 percent greater than urban fertility.

Family planning programs have been well established in China since the begin-
ning of the first family planning campaign in 1956. However, it was not until the
establishment of the campaign in 1971 that fertility reduction became a national
priority. Prior to that time, the role of the government in family planning had been
at best intermittent.

In summary, the large population base and the high birth rates in the 1950s and
1960s accompanied with fast declines in mortality since 1950 have resulted in the
huge number of elderly persons in China today and in the next few decades. It is the
dramatic decline in fertility in the 1970s and 1980s that has produced in the 1990s
and in the decades of this new century such a high percent of elderly people. Since
1992 China’s TFR has been below the replacement level of 2.1. Birth cohorts are
considerably smaller these days than a few decades ago. This much lower fertility,
coupled with significant gains in longevity, both occurring in a country with a very
large population base, have produced in China one of the most serious challenges
ever, namely, the fastest absolute growth and percentage growth of the elderly ever
witnessed in one country in human history.

1.3 Aged Dependency in China

A large number of elderly persons in a population is not problematic if there exists at
the same time in the population a large number of producers. It is only when the ratio of
elderly toproducersbecomeshigh thatahostofeconomic, social, andrelatedproblems
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occur. In this section, we show empirically the degree currently of the dependency
burden in China, and how much worse this burden will become in the years ahead.

We measure the total dependency in the populations of China, using the ratio
of persons aged 0–14 and persons aged 65 and over to persons aged 15–64. The
numerator consists of persons who typically are not employed, hence not serving ac-
tively as producers of goods, material resources, and sustenance. The denominator,
persons aged 15–64, contains the productive members of the population, many of
whom are in the labor force, all of whom, in varying ways, are producing foodstuffs,
and related goods and services for the population; this ratio is multiplied by 100 and
refers to the number of dependents in the population per 100 producers.

The total dependency ratio (TDR) may be subdivided into a youth dependency
ratio (YDR), i.e., persons 0–14 divided by persons 15–64; and an aged dependency
ratio (ADR), i.e., persons 65 + divided by persons 15–64.

Figure 1.4 presents the youth dependency ratios (YDR) for China and the U.S. for
every 5 years from 1950 to 2050. Between 1950 and 2000, the YDRs have dropped
for both countries; in 1950 the YDRs were 54 in China and 41 in the U.S. By 2000
they had declined to 36 in China and 33 in the U.S. Note also the increases in the
YDRs for both countries during their baby boom years in the 1950s and 1960s. The
YDRs of the two countries attained in 2000 are rather modest compared to those of
other countries. To illustrate, the Gaza Strip had a YDR in 1995 of 114, the highest
in the world, followed by Uganda (99), Ethiopia (97), and Libya (87).

The YDRs in China and the U.S. are not projected to change significantly be-
tween 2000 and 2050. The data in Fig. 1.4 indicate that in China the YDR will drop
from 36 in 2000 to 26 in 2050. The United States is projected to have a higher YDR
than that of China starting in the year of 2005, a situation that would not have been
predicted, say back in 1965, when China’s YDR was 72 and that of the U.S. was 50.

Figure 1.5 shows aged dependency ratios for China and the U.S. for every 5 years
from 1950 to 2050. Unlike the situation with respect to the YDR in which both the
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Fig. 1.5 Aged dependency ratios (ADRs), China and the U.S., 1950–2050

U.S. and China experienced major net decreases between 1950 and 2000, there have
been modest increases in their ADRs. In China the ADR increased from 7 in 1950
to 10 in 2000. China’s ADR in 2000 is a little higher than the world average, but not
appreciably so. This is not an excessively high ADR.

To illustrate using different data that reflect the same phenomenon, in 2000
one-tenth of China’s population was over age 60. By comparison, in 2000, ten
countries, all in Europe, had more than 20 percent of their populations of the age
60+: Sweden had the highest percentage (22 percent), followed by Norway, Bel-
gium, Italy, United Kingdom, Germany, Austria, Greece, Denmark, and Switzerland
(United Nations 2003).

The aged dependency situation changes remarkably when we skip ahead 50 years
to 2050. China will have become much older by 2050. China’s ADR is projected to
increase from 10 aged dependents per 100 producers in 2000 to 37 aged dependents
per 100 producers in 2050 (Fig. 1.5).

By 2050 China is expected to have made the transition to a demographically very
old country. In the 50 years since 2000, both China and the U.S. will have become
demographically top-heavy. In 2050, 30 percent of China’s population (over 418
million people) will be 60 years of age or older. The oldest countries in the world
today, the European countries mentioned earlier, are nowhere near as old as China
is projected to be in 2050.

Another way to consider changes in the age distribution of a population is with
the parent support ratio (PSR), which takes the number of persons 80 years old and
over, per 100 persons aged 50–64 (Wu and Wang 2004). The PSR is an indication
of the relative burden of the oldest old population, i.e., the oldest old parents, on the
population aged 50–64, i.e., the children of the oldest old parents. The PSR is an
empirical ratio which is meant to reflect the degree of burden the oldest old have on
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their mid-age or younger elderly children. However, it does not take into account
specifically and directly the actual burden. That is, the financial and emotional costs
of caring for oldest old parents are not measured with the PSR. But the implication
is that they will increase in a society with increases in the PSR.

Figure 1.6 presents parent support ratios (PSRs) for every 5 years from 1950 to
2050 for China and the United States. In 1950 both countries had very low PSRs.
In China in 1950 there were less than 3 persons of age 80 and over per 100 persons
aged 50–64. There was not much of an oldest old parent burden on the older children
in either country in 1950.

By 2000 the parent support ratios had increased three-fold in both countries, for
China from 2.5 in 1950 to 7.8 in 2000. The burden of oldest old parents on their
children has increased in both countries, and the burden is almost three times as
heavy in the U.S. as in China. In the U.S. in 2000 there were more than 21 elderly
aged 80+ for every 100 persons aged 50–64, whereas in China the PSR was less
than 8 persons aged 80+ per 100 aged 50–64.

Both countries are projected to experience even more dramatic increases by 2050.
The PSR is expected to increase almost five-fold in China from 7.8 in 2000 to 35.5 in
2050. The PSR is projected to double in the U.S. from 21.4 in 2000 to 41.7 in 2050.
The burden of oldest old parents on their children will be extremely high in 2050
in both countries. There are projected to be in the U.S. almost 42 persons aged
80+ for every 100 persons aged 50–64, whereas in China there are projected to
be almost 36 persons aged 80 and over for every 100 persons aged 50–64. The
PSR figure for China is projected to be slightly less than that for the U.S. But
the change in PSRs between 2000 and 2050 for China will be much greater than
for the U.S.

0

5

10

15

20

25

30

35

40

45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

20
10

20
15

20
20

20
25

20
30

20
35

20
40

20
45

20
50

Year

P
ar

en
t 

S
R

China U.S.

Fig. 1.6 Parent support ratios (80+), China and the U.S., 1950–2050



1 Introduction: Aging and Aged Dependency in China 13

By 2050 China will have grown to be one of the oldest populations in the world,
and a country with one of the heaviest aged dependency burdens of any population
in the world. In the concluding section of this chapter we consider some of the
implications of these findings.

1.4 Conclusion

The current and projected levels of the elderly population in China show that by the
mid-point of the twenty-first century, China is projected to have become one of the
oldest populations in the world with one of the heaviest old age dependency burdens.
Two implications worthy of consideration are the transitions in the organization of
eldercare by the family, and nuptiality.

Traditionally in China, the support of one’s elder parents has been the respon-
sibility of the sons. Often the parents lived with the oldest son, and either with or
nearby the other sons. The eldest son and his brothers tended to be responsible for
providing the parents with economic support. The sons would rely on one of their
sisters, or sometimes on one or more of their wives to provide their parents with
emotional support. These norms have been adjusted or modified in past decades, es-
pecially since the founding of the People’s Republic in 1949, and particularly among
urban residents. Nevertheless, the provision of economic and emotional support to
one’s parents has seldom been a major burden. As one might expect in a population
with modestly high levels of fertility, there have usually been many more producers
in the Chinese population than aged dependents. Traditionally these kinds of norms
have not governed the U.S. family to the extent they have in China.

However, given in contemporary China the very low levels of fertility, as well
as, since 1981, a highly unbalanced sex ratio at birth (Poston et al. 1997; Poston
and Glover 2005; Poston and Morrison 2005), the provision of eldercare will be a
major concern in the years of this new century. For one thing, as we have already
noted, in the decades of this new century in China there are projected to be many
more aged dependents per producers. In 2000, there were 10 aged dependents per
100 producers in China; but by 2050 in China there are projected to be 37 aged de-
pendents per 100 producers; this is an astonishingly high number of old persons per
100 producing members in the population. The number of aged dependents per 100
producers in China in 2050 is projected to be 3.7 times larger than China’s current
number. This aged dependency ratio for 2050 will likely be one of the highest of
any country in the world.

When we couple this very high ADR for the year 2050 for China with the ab-
normally high sex ratios at birth (SRBs) in China, the issue of eldercare provision
in this new millennium becomes even more complex. According to data from the
2000 Census of China, the SRB in 2000 was near 120; it was 151 for second-order
births, and 159 for third-order births. It has been estimated that based only on the
births that have occurred in China between 1980 and 2001, there have already been
born more than 23 million boys who will be unable to find Chinese brides when
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they reach marriageable age (Poston and Glover 2005; Poston and Morrison 2005).
If these abnormally high SRBs continue into the decades of the twenty-first century
(and there is no indication that they will not), this will mean that an enormously large
number of Chinese males, perhaps near 100 million or more, will find it difficult, if not
impossible, to meet females to marry. These single males will have the responsibility
for providing both the economic and the emotional support for their parents.

In China in the decades of this new century, there will be a very large number
of unmarried sons caring both economically and emotionally for their aged parents.
There have already been born over 23 million such sons who will be unable to find
brides to marry.

Unlike the case in past decades in China where there have usually been several
married sons, along with their sisters, available to care for the elderly parents, the
situation in the next 30–40 years will be different: there will be many, many more
elderly—parents and aunts and uncles—requiring care, than has been the situation
in the recent past. Moreover, many of the providers will be sons, perhaps only-born
sons, without wives. The care of the elderly in the decades of this new century will
not be without problems.

There are a couple of extenuating circumstances that could modify this rather
negative prognosis and provide an alternative to male celibacy. The immigration to
China of Chinese women from Hong Kong, Singapore, and Taiwan would of course
enlarge the pool of wives; there is already some marriage migration of this form
underway in China, but it would need to increase in magnitude (Davin 1998; Fan
and Huang 1998). Polyandry is another possibility (see Cassidy and Lee 1989), and
there is some evidence of its existence among some of China’s minority populations
(Zhang 1997; Johnson and Zhang 1991). Marriage market migration may be more
likely than polyandry.

Is China in any position today to reduce its projected imbalance of elderly? The
answer is yes. However, one of the better strategies for reducing the high percentage
of elderly in future years is not a popular one among doctrinaire Chinese leaders
(Poston and Duan 2000). It involves adjusting the country’s so-called “one-child”
fertility policy. The current “one-child” fertility policy requests about 63 percent of
Chinese couples to have one child only.2 Relaxing this policy and allowing between
now and the year 2030 urban and rural fertility rates to increase would have a sizable
impact (Zeng 2006, 2007); such a change would likely drop the aged dependency
ratio and the percentage of the population aged 60+ by between 20 and 40 percent
(see Banister (1992b) for another scenario). It would also likely reduce China’s sex
ratios at birth to more balanced levels. As Banister (1992b: 472) has noted, “China’s
population will age under any likely scenario, but the lower the fertility level, the
more severe the aging.”

2 Based on 2000 census data and statistics of fertility policy regulations at the city and prefecture
levels, Guo (2005) has shown that the one-child, 1.5-child, two-child, and three-child policy have
been implemented among about 35.9, 52.9, 9.6, and 1.6 percent, respectively, of the population of
China.
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The analysis presented here of the demographic determinants in China portrays a
situation that rings with irony. China solved its burgeoning fertility problem with an
induced fertility transition, which was one of the most successful fertility reductions
experienced by any country in the world. But it is the very success of this transition
that has exacerbated the problem. Chinese fertility policies have limited the size of
birth cohorts relative to their elders to a degree unprecedented in the less developed
countries. And the very speed of the fertility transition has given China little time
to evolve a non-familial old age support system to replace the traditional family.
There is a growing awareness of such problems these days in China (Poston and
Duan 2000). Although they were not foreseen at the inception of the fertility policies
in the 1970s, debates about, and discussions of them are now underway.

It may well be that China will be forced to move to a country-wide “two-child
& late-childbearing” policy in another decade or so, or later, in about 25 or 30
years, allowing all Chinese citizens to choose their family size and fertility timing
(Zeng 2006, 2007). This would occur after the present “baby-boom” generation
is beyond the childbearing years. Such a strategy would reduce significantly the
percent of elderly shown in the projections presented earlier in this chapter, and the
severity of the concomitant social problems.

However, fertility policy adjustments can only moderately reduce the percentages
of the elderly as compared to keeping the current policy unchanged. But it cannot
reduce the magnitude of the huge numbers of elderly and oldest old already born.
Even if China moved to a two-child and late-childbearing policy in the next decade
and allowed all couples to freely choose their family size and fertility timing in
the next three decades, as is the case in other countries, the percentage of elderly
in China in 2050 will still be around 24 percent and the magnitude of the huge
numbers of elderly and oldest old persons will be at least as large as discussed earlier
(Zeng 2006, 2007). This is simply because the elderly today and in the next 65 years
have already been born. The un-reversible trend of declining mortality, especially at
the older ages, will result in even substantially more elderly and oldest old persons.
Thus, it is strategically important to gain a better understanding of healthy aging and
healthy longevity so to be able to reduce the negative impacts of rapid aging. This
is a main reason for publishing this book.

A fundamental question in aging studies is whether the mortality decline will
be accompanied by a compression or an expansion of the period of disability and
morbidity among the elderly population. The answer will determine the quality of
life not only for the elderly but for all members of the society. The hypothesis of
morbidity compression among the elderly was initially proposed by Fries (1980).
The dynamic equilibrium hypothesis introduced by Manton (1982) assumes that
the slowing down of the pace of progression of morbidity leads to an increase in
the prevalence of light and moderate (but not severe) disability as mortality falls
among the oldest old. The hypothesis of a pandemic of disability, however states
that a decrease in the fatality rate at the oldest old ages leads to a significant in-
crease in the prevalence of morbidity (Gruenberg 1977). In a careful evaluation
of data from various national surveys, Freedman et al. (2002) have concluded that
several measures of old-age disability and limitation show that improvements have
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occurred in recent decades in the U.S. And similar trends have been found in
European populations (Bebbington 1988; Robine and Mormiche 1994; Van Oyen
and Roelands 1994).

Is the period of disability among the elderly compressing or expanding with in-
creasing life expectancy in developing countries in general, and in China in particu-
lar? What are the factors associated with these trends in the past? Is it possible in the
future to realize morbidity compression or at least the dynamic equilibrium among
elderly with a prolongation of the life span?

In general, there were no data resources that could be used to address these im-
portant questions before the initiation of the Chinese Longitudinal Healthy Longevity
Survey (CLHLS); most of the chapters in this book use these new and important
data. Motivated by the need to study factors associated with healthy aging and
healthy longevity, this book aims to shed new light on the understanding of the
population aging process; it seeks as well to introduce possible approaches to reduce
the period of disability and morbidity while prolonging the life span, i.e., realizing
the goals of healthy aging and healthy longevity.

The next chapter presents the CLHLS project’s background and significance,
objectives, study design, sample distribution, contents of data collected and research
opportunities. These discussions are followed by chapters focusing on assessments
and discussions from different perspectives and viewpoints of age reporting and
data quality of the CLHLS. The remaining chapters are grouped into sections deal-
ing with demographic, social, economic and psychological dimensions of healthy
longevity in China. The last chapter (Epilogue) briefly summarizes the striking
findings from CLHLS studies published elsewhere and outlines the future research
agenda of CLHLS project.

Our goal in this volume is to contribute to the development of scientific knowl-
edge related to morbidity compression, as well as the dynamics of the “slowing
down” of the pace of progression of morbidity with mortality declines at the older
ages. We hope that our book will provide knowledge that will be instrumental in
part in the ultimate realization of the long-term dream of healthy longevity, that is,
not only living longer, but living a healthier life.
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Part I
CLHLS and its Data Quality Assessment

Introduction by Dudley L. Poston, Jr.

The first section of this book deals specifically with the Chinese Longitudinal
Healthy Longevity Survey (CLHLS). Most of the chapters focus on an assessment
of its data quality. The one chapter that does not deal directly with issues of data
quality is Zeng Yi’s Chapter 2. In his chapter, Zeng introduces readers to the Chi-
nese Longitudinal Healthy Longevity Survey (CLHLS), the data set used in almost
all the analyses contained in the chapters in this book. His chapter includes the gen-
eral goals and the specific objectives of the CLHLS, along with its organizational
framework, study design, sample distribution and contents of the data collected. He
also compares the CLHLS with other surveys that focus on elderly populations.
The large population size, the focus on healthy longevity (rather than on a specific
disease or disorder), the simultaneous consideration of various risk factors, and the
use of analytical strategies based on demographic concepts, all make the CLHLS an
innovative demographic data collection and research project.

The data collected in the CLHLS are extremely comprehensive and are able
to illuminate a multitude of characteristics and conditions of the Chinese elderly
respondents. Zeng writes that the questionnaire design was based on international
standards and adapted to the Chinese cultural/social context and carefully tested
by pilot studies/interviews. Questions were used that would shed light on risk fac-
tors for mortality and healthy longevity. Similarly, questions were not used that
could not be reliably answered by the oldest-old because, perhaps of the respon-
dents’ low levels of education and/or poor hearing and vision. The data collected
include items of family structure, living arrangements and proximity to children,
self-rated health, self-evaluation on life satisfaction, chronic disease, medical care,
social activities, diet, smoking and alcohol drinking, psychological characteristics,
economic resources, caregiver and family support, nutrition and some health-related
conditions in early life (childhood, adulthood, and around age 60). The CLHLS is
surely the most complete survey of elderly ever undertaken in China, and rivals any
such surveys ever conducted anywhere in the world.
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Chapters 3–6 present systematic and relatively detailed assessments of the age
reporting and data quality of the CLHLS. In Chap. 3 Danan Gu undertakes a com-
prehensive review of the data quality of the third wave of the CLHLS (2002) in
terms of proxy use, nonresponse rate, sample attrition, and reliability and validity
of the major health measures. The CLHLS gathered extensive questionnaire data
for 16,020 elderly aged 65+ in 2002. As noted in Zeng’s discussion in Chap. 2,
the survey was conducted in randomly selected counties and cities in 22 of China’s
provinces. The 2002 wave extended the age range of the sampled elderly to include
the age range from 65 to 79 who were not included in the first two waves in 1998 and
2000. Among the 16,020 sample persons in 2002, 3,189 were centenarians, 3,747
were nonagenarians, 4,239 were octogenarians, and 4,845 were aged 65–79.

Gu writes that there are three major potential sources of error due to nonobserva-
tion (coverage error, nonresponse error, and sample error) and four major potential
sources of errors due to observation or measurement (the interviewer, the respon-
dent, the questionnaire, and the mode of interview). His chapter addresses these
issues systematically and comprehensively in an attempt to assess the data quality
of the CLHLS in 2002.

Gu first addresses the use of proxies. When they were used, about 90 percent
of them were close relatives such as a spouse, children, and grandchildren. Multi-
variate analysis indicated that respondents with an older age, lower education, rural
residence, lower cognitive functioning, and higher disability were more likely to use
a proxy. It is not believed that proxy use resulted in significant bias or error. Gu then
turns to item nonresponse. He notes that the CLHLS survey has encountered a small
amount of nonresponse, both unit and item nonresponse. Two general approaches
are recommended to compensate for these nonresponses, namely, weight adjustment
and imputation. Gu addresses each of these approaches and suggests ways for their
implementation.

He then turns to the very important issue of sample attrition. Of the 11,162 indi-
viduals interviewed in 2000, 56.3 percent were still alive at the 2002 wave, almost
30 percent died before the 2002 interview, and almost 14 percent were lost. Gu dis-
cusses possible reasons for this attrition and ways to take it into account in analyses
of the data. Regarding the issue of inconsistent response, Gu notes that his analyses
indicates this is not a major concern, and that it tends to increase slightly with age.

Gu next discusses issues of reliability of the major health measures. In the
CLHLS, health has been conceptualized in a multidimensional manner, with a gen-
eral emphasis on its physical and mental domains. Tests of the internal consistency
for various measures (using Cronbach’s alpha) are all satisfactory and most are more
than satisfactory. Issues of homogeneity of the scales are also examined, with sat-
isfactory results. Finally, Gu addresses several issues of validity, including content,
construct, and criterion validity. He concludes his chapter with the observation that
the evidence leads him to believe that the data quality of the 2002 wave of the
CLHLS is generally good. We concur in this evaluation.

In Chap. 4, Zeng and Gu evaluate age reporting among the oldest-old, especially
centenarians, in the CLHLS, using various indices of elderly age reporting and
age distributions of centenarians in Sweden, Japan, England and Wales, Australia,
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Canada, China, the USA, and Chile. Their analyses show that age reporting among
the oldest-old interviewees (Han and six minority groups combined) in the CLHLS
provinces is not quite as good as that in Sweden, Japan, and England and Wales,
but is relatively close to that in Australia, more or less the same as that in Canada,
better than that in the USA, and much better than that in Chile. As indicated by the
higher density of centenarians, age exaggeration tends to exist among the six ethnic
minority groups in the Han-dominated provinces. However, the authors cannot rule
out and quantify the potential impacts of past mortality selection and better natu-
ral environmental conditions among these minority groups. They find that the age
exaggeration of minorities in the CLHLS will not cause substantial biases in demo-
graphic and statistical analyses using the CLHLS data, since minorities comprise a
rather small portion of the sample (6.8 percent in the baseline and 5.5 percent in the
grand total sample of the 1998, 2000, and 2002 waves).

In Chap. 5, Booth and Zhao examine age reporting among the CLHLS respon-
dents, using the first round of data collected in 1998. They state that the sample
design tends to limit the use of traditional methods for assessing the accuracy of
age reporting; innovative methods are thus adopted. They find that only the sample
aged 100+ is fully representative of the population at that age. The age structure of
centenarians is compared with populations with good age reporting, demonstrating
some degree of age exaggeration. At ages 80+, their constructed estimates of age at
childbearing show some age exaggeration, particularly in Guangxi and among sev-
eral ethnic minorities. They conclude that some age exaggeration tends to increase
with age. The findings of Booth and Zhao indicate the importance of continual ex-
amination of the quality of the age data.

In the final chapter in Section I, Gu and Dupre investigate a series of issues
pertaining to mortality and morbidity in the 1998, 2000 and 2002 CLHLS. Among
them are the accuracy of the mortality data recorded in the CLHLS, and the accuracy
of chronic morbidity data reported in these first three waves. They also examine the
accuracy of the mortality data for the non-Han nationalities.

In the first part of their chapter, the authors undertake an extensive evaluation of
the CLHLS and census data and conclude that the mortality rates from the first three
waves of the CLHLS are relatively reliable, with the exception of some recall errors
by proxies in the respondents’ date of death. Gu and Dupre correctly note that nearly
7 percent of the CLHLS baseline sample is comprised of non-Han people. Because
ethnicity is a major sociodemographic factor in the study of aging, the accuracy of
non-Han mortality data is very important to assess. If age reporting among the non-
Han sample is shown to be inaccurate, it might be necessary to drop the non-Han
people from the analysis. They thus undertake a detailed assessment of the accuracy
of the non-Han mortality data, particularly with respect to age exaggeration and
its impact on mortality estimates when age reports are not accurate. Their detailed
statistical analyses show that even under the assumption of serious age exaggeration
among the ethnic minorities, the impact on the estimation of overall mortality in the
CLHLS is really quite negligible.

Gu and Dupre also show that possible age exaggeration among minority oldest-
old in the CLHLS does not significantly affect the outcomes for estimates of
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indicators such as ADL, MMSE, self-reported health, as well as the estimates of
other covariates in the multivariate statistical models using either cross-sectional or
longitudinal CLHLS data.

The authors do, however, report that although overall mortality rates in the
CLHLS during the period of 2000–2002 are reliable, observed mortality rates from
the 1998 to 2000 CLHLS data were underestimated by 15–20 percent and by 5–20
percent for the regression-based rates before age 90; this, they note, is likely a poten-
tial consequence of nonrandom missing data. However, they believe that the impact
of underestimating mortality is minor on the effects of predictors in statistical mod-
els. They suggest that researchers using the CLHLS data may wish to employ data
from the interviews in 2000 and later or use pooled data when conducting survival
analyses to produce more robust estimates. They note that if the distinction of first-
and second-year mortality is needed for specific research designs, the results should
be interpreted with caution because the first-year mortality rates tend to suffer from
underestimation due to some recall bias by next-of kin. Gu and Dupre evaluate sev-
eral other issues of accuracy and reliability in the mortality and morbidity data in
the CLHLS. Their analyses are extensive, and their recommendations for data users
are worthy of attention.

In sum, all but one of the chapters in Section I are concerned in varying ways with
the evaluation of CLHLS data. Zeng’s Chap. 2 serves as a superb introduction to the
CLHLS and is required reading for all researchers intending to use CLHLS data.
Moreover, scholars wishing to better understand the growing empirical literature
on healthy longevity based on the CLHLS also need to read Zeng’s important and
illuminating chapter. Following Zeng’s chapter, Chaps. 3 through 6 present sys-
tematic and relatively detailed assessments of the age reporting and data quality of
the CLHLS. Some of the chapters are more concerned with looking at the accu-
racy of the age data, and others evaluate the reporting of other issues pertaining
to mortality and morbidity. The authors of all four chapters undertake detailed and
very competent analyses, and provide expert and important recommendations for the
community of scholars using the CLHLS data and reading the increasing literature
based on the CLHLS data.



Chapter 2
Introduction to the Chinese Longitudinal
Healthy Longevity Survey (CLHLS)

Zeng Yi

Abstract To provide readers with information on the data source and research
opportunities inherent in the CLHLS data sets, we present in this chapter an in-
troduction to the CLHLS. The chapter includes the general goals, the specific ob-
jectives of, the organizational framework, study design, sample distribution and
contents of the data collected, and finally a comparison with other survey projects
focusing on elderly populations.

Keywords Adult child sample, CLHLS, Data collection, Data source,
Determinant, Centenarian, Elderly population, Extent of disability and suffering
before dying, Family relation, Healthy longevity, Intergenerational relation,
Next-of-kin, Oldest-old, Over-sampling, Refusal rate, Research opportunities,
Sample distribution, Study design, Weight

2.1 Background and Significance

The number of oldest-old persons aged 80 and older in China is expected to climb
from about 12 million in 2000 to 51, 76, and 114 million in 2030, 2040 and 2050,
respectively, under the medium mortality assumption. With the medium fertility
and medium mortality assumptions, the proportion of elderly aged 65 and over
is expected to increase from 7 percent in 2000 to about 16 percent in 2030, and
to more than 23 percent in 2050, while the oldest-old will constitute 14, 22 and
34.4 percent of the elderly population in 2000, 2030 and 2050, respectively (Zeng
and George 2002). The main reason why the number of oldest-old will climb so
quickly after the year 2030 is that China’s “baby boomers,” who were born in the
1950s and 1960s, will fall then into the category of the “oldest-old.” The average
annual increase rate of oldest-old persons between 2000 and 2050 is expected to be
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around 4.4 percent in China, which is about 2.4, 1.9, 2.0, 1.8, and 1.7 times as high,
respectively, as that in United Kingdom, USA, France, Germany, and Japan (United
Nations 2005). Oldest-old persons are much more likely to need help in daily living
as compared to the younger elderly. Data from the Chinese Longitudinal Healthy
Longevity Survey (CLHLS), which is the prominent source of data of the analyses
contained in this book show that the prevalence of disability in Activities of Daily
Living (ADL), such as bathing, dressing and eating, increases dramatically with
age from less than 5 percent at ages 65–69 to 20 percent at ages 80–84, and to
40 percent at 90–94 years of age. At ages 100–105, less than 40 percent are able
to perform the basic activities of daily living (ADL) without help. The oldest-old
consume services, medical care and receive transfers at a higher rate than younger
elderly persons. Torrey (1992: 382) estimated that in the US, the cost of Medicare
for the oldest-old is 77, 60, and 36 percent higher than that of elders aged 65–69,
70–74, and 75–79, respectively. The total cost of long-term care for the oldest-old
is 14.4 times as high as that for younger elders aged 65–74.

The fact that the oldest-old sub-population is growing much faster than any other
age group, and that they are also the most likely group to need help, indicates
a significant need to investigate the demographic, socioeconomic, psychological
and health status of the oldest-old. In the US, Canada, Europe, and some Asian
and Latin American countries, efforts have been made to attract the attention of
academics and policy makers to the concerns of the oldest-old (Suzman et al. 1992;
Baltes and Mayer 1999; Vaupel et al. 1998). Some countries around the world have
collected data from large samples of the old, with an over-sampling of the oldest-
old. For example, 11 countries in the European Union have developed SHARE
Surveys (Survey of Health and Retirement in Europe) and England had collected
the ELSA (the English Longitudinal Survey of Aging), which are comparable to the
American HRS (Health and Retirement Survey). In Japan the NUJLSOA (Nihon
University Japanese Longitudinal Study of Aging) has been developed to be com-
parable to the US LSOA (Longitudinal Study of Aging). Longitudinal multi-wave
studies are also available for the Taiwan area of China (SHLSE, Survey of Health
and Living Status of the Elderly); Indonesia (The Indonesia Family Life Survey);
and Mexico (MHAS, The Mexican Health and Aging Study). More studies are now
being developed particularly in developing countries where less is known about the
oldest-old.

Before the Longitudinal Healthy Longevity Survey study was launched in 1998
in China, little attention had been paid to ensure sufficient representation of the
oldest-old in national surveys, and most studies on the elderly included few subjects
aged 80 and over. Almost all published official statistics were truncated at ages 65
or 80. The surveys on the elderly thus had sub-sample sizes far too small for the
proper evaluation of the oldest-old. For example, 20,083 elders aged 60 and above
were interviewed under the 1992 Chinese national survey on support systems for
the elderly; but among them, only 84 were aged 90+. These small sub-sample sizes
made a meaningful analysis of the oldest-old sub-population impossible.

To fill in the data and knowledge gaps for scientific studies and policy analysis,
the Chinese Longitudinal Healthy Longevity Survey (CLHLS) has been underway
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in China since 1998. Our main objective is to draw societal and governmental
attention to scientific studies and practical program interventions for enhancing the
well-being and life quality of the oldest-old and all other members of our society
(Zeng et al. 2001).

To provide readers with information on the data source and research opportuni-
ties inherent in the CLHLS data sets, we present in this chapter an introduction to
the CLHLS. The chapter includes the general goals, the specific objectives of, the
organizational framework, study design, sample distribution and contents of the data
collected, and finally a comparison with other survey projects focusing on elderly
populations. Chaps. 3–6 present a systematic and relatively detailed assessment of
the age reporting and data quality of the CLHLS.

2.2 Objectives and Organizational Framework

Our general goal is to shed new light on a better understanding of the determinants
of healthy longevity of human beings. We are compiling extensive data on a much
larger population of oldest-old aged 80–112 than has previously been studied, with
a comparative group of younger elders aged 65–79. We propose to use demographic
and statistical methods to analyze data culminating from the longitudinal surveys.
We want to determine which factors, out of a large set of social, behavioral, bio-
logical, and environmental risk factors play an important role in healthy longevity.
The large population size, the focus on healthy longevity (rather than on a specific
disease or disorder), the simultaneous consideration of various risk factors, and the
use of analytical strategies based on demographic concepts make this an innovative
demographic data collection and research project.

Our Specific Objectives are as Follows:

� Collect intensive individual interview data including health, disability, demo-
graphic, family, socioeconomic, and behavioral risk-factors for mortality and
healthy longevity.

� Follow-up the oldest-old and the comparative group of the younger elders, as
well as some of the elders’ adult children to ascertain changes in their health
status, care needs and costs, and associated factors; and ascertain if they die and
if so at what age, from what cause, the care that was needed and costs, and their
health/disability status before death.

� Analyze the data collected to estimate the social, behavioral, environmental, and
biological risk-factors that are the determinants of healthy longevity and mortal-
ity in the oldest-old.

� Compare the findings with results from other studies of large populations at ad-
vanced ages.

The organizational framework of the CLHLS is summarized in Table 2.1.
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Table 2.1 The organizational framework

Sponsoring and supporting
organizations

National Institute on Aging; United Nations Fund
for Population Activities (UNFPA) and China
National Foundation for Social Sciences joined
NIA to co-sponsor the expanded survey in 2002;
China National Natural Science Foundation and
Hong Kong Research Grant Council joined NIA
to co-sponsored the expanded survey since 2005;
Peking University and Duke University have
provided institutional support; Max Planck
Institute for Demographic Research has provided
support for international training

Principal investigator and steering
committee

Zeng Yi, Principal Investigator, Duke University and
Peking University. The steering committee of the
Chinese research team of this project consists of
(alphabetically listed): Guo Zhigang, Li Ling, Liu
Yuzhi, Edward Tu, Xiao Zhenyu, Zeng Yi, Zhang
Chunyuan

International longevity projects
coordinator

James W. Vaupel, Coordinator of the Coordinated
International Projects on Healthy Longevity in
U.S., Europe, and China, Max Planck Institute for
Demographic Research and Duke University

Data collection organizations Peking University Center for Healthy Aging and
Family Studies (CHAFS) and China Mainland
Information Group

2.3 Study Design and Sample Distribution

The baseline survey and the follow-up surveys with replacement for deceased
elders were conducted in a randomly selected half of the counties and cities in
22 of China’s 31 provinces in 1998, 2000, 2002, and 2005. We will conduct
the fifth follow-up wave in 2008. Han Chinese people, who generally report age
accurately, are the overwhelming majority in the surveyed provinces. The sur-
veyed provinces are Liaoning, Jilin, Heilongjiang, Hebei, Beijing, Tianjing, Shanxi,
Shaanxi, Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shangdong, Henan,
Hubei, Hunan, Guangdong, Guangxi, Sichuan, and Chongqing. The population in
the survey areas constitutes about 85 percent of the total population in China.

In our 1998 baseline survey, we tried to interview all centenarians who volun-
tarily agreed to participate in the study in the sampled counties and cities; for each
centenarian interviewee, one nearby octogenarian and one nearby nonagenarian of
predefined age and sex were interviewed. In the 2002 and 2005 waves, three nearby
elders aged 65–79 of predefined age and sex were interviewed in conjunction with
every two centenarians. “Nearby” is loosely defined – it could be in the same village
or on the same street, if available, or in the same town or in the same sampled county
or city. The predefined age and sex are randomly determined, based on the randomly
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assigned code numbers of the centenarians, to have more or less randomly selected
comparable numbers of males and females at each age from 65 to 99.1

Those interviewees who were still surviving in the follow-up waves were
re-interviewed. In our 1998 baseline survey and 2000, 2002, and 2005 follow-up
surveys, we tried to interview all centenarians who voluntarily agreed to participate
in the study, in order to keep a large sub-sample of centenarians in each of the
waves. Those elderly who were interviewed but subsequently died before the next
wave were replaced by new interviewees of the same sex and age (or within the
same 5-year age group).

We added a sub-sample of 4,478 elderly interviewees’ adult children aged 35–65
in 2002. The adult children sub-sample covers the eight provinces of Guangdong,
Jiangsu, Fujian, Zhejiang, Shandong, Shanghai, Beijing, and Guangxi. If an elderly
interviewee had only one eligible child (i.e., aged 35–65 and living in the sampling
areas), that child was interviewed. If an elderly interviewee had two eligible adult
children, the elder child was interviewed if the elderly interviewee was born in the
first 6 months, and the younger child was interviewed if the elderly interviewee
was born in the second 6 months. If an elderly interviewee had three eligible adult
children, the eldest, the middle, or the youngest child was interviewed if the elderly
interviewee was born in the first 4 months, second 4 months or the third 4 months,
and so on. Among the 4,478 adult children interviewed in 2002, 1,722 sons and 338
daughters co-resided with old parents and 1,410 sons and 1,008 daughters did not
co-reside with old parents. Such sample distributions reveal a traditional Chinese
social practice: most old parents live with a son; non co-residing sons usually live
closer to old parents than do the non co-residing daughters.

To avoid the problem of small sub-sample sizes at the more advanced ages, we
did not follow the procedure of proportional sampling design, but instead inter-
viewed nearly all centenarians and over-sampled the oldest-old of more advanced
ages, especially among males. Consequently, appropriate weights need to be used to
compute the averages of the age groups below age 100, but no weights are needed
when computing the average of the centenarians. The method for computing the
age-sex and rural–urban specific weights, and the associated discussions, are pre-
sented in the Appendix to this chapter.

In sum, the Chinese Longitudinal Healthy Longevity Survey (CLHLS) inter-
viewed 8,959 and 11,161 oldest-old aged 80–112 in 1998 and 2000, and 16,057

1 We obtained the lists of names and addresses of the centenarians through the Chinese local aging
committee network or the neighborhood/village residents committees, and randomly assigned a
code to each of the centenarians. For those centenarians whose code ended in 0, 1, 2, 3,. . . , 9,
we tried to find one nearby octogenarians aged 80, 81, 82, 83,. . . , 89, one nearby nonagenarians
aged 90, 91, 92, 93,. . . , 99, one nearby elder aged 70, 71, 72, 73,. . . , 79, respectively. For those
centenarians whose code ended in 5, 6, 7, 8, 9, we tried to find one nearby elder aged 65, 66,
67, 68, 69, respectively. The sex of the targeted elderly aged 65–99 is randomly determined, with
equal numbers of targeted males and females. If the enumerator could not find (through the urban
neighborhood or the village residents committees who have the households’ registration records)
the target with exactly the predefined age and sex, an alternative subject who is the same sex and
in the same 5-year age group was also acceptable.
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and 15,638 elderly aged 65–112 in 2002 and 2005, respectively. In the four waves,
in total, 10,964, 14,384, 16,526, and 9,941 face-to-face interviews were conducted
with centenarians, nonagenarians, octogenarians, and younger elders aged 65–79,
respectively (see Table 2.2 for more detailed information). At each wave, the longi-
tudinal survivors were re-interviewed, and the deceased interviewees were replaced
by additional participants. Data on mortality and health status before dying for the
12,007 oldest-old (aged 80–112) who died between the waves of 1998, 2000, 2002,
and 2005 and the 499 younger elders (aged 65–79) who died between 2002 and
2005 were collected in interviews with a close family member of the deceased.
In our 2002 and 2005 surveys, we also interviewed (with follow-up) 4,478 elderly
interviewees’ adult children (aged 35–65) in the eight provinces.

2.4 Data Collected

An interview with some basic physical capacity tests was performed at the
interviewee’s home. The questionnaire design was based on international standards
and was adapted to the Chinese cultural/social context and carefully tested by pilot
studies and interviews. We emphasized questions that might shed light on risk fac-
tors for mortality and healthy longevity, and we sought to minimize questions that
could not be reliably answered by the oldest-old, some of whom may lack education
and may have poor hearing and vision. The data collected included family structure,
living arrangements and proximity to children, self-rated health, self-evaluation on
life satisfaction, chronic disease, medical care, social activities, diet, smoking and
alcohol drinking, psychological characteristics, economic resources, caregiver and
family support, nutrition and some health-related conditions in early life (childhood,
adulthood, and around age 60). Activities of Daily Living (ADL) and cognitive
function measured by the Mini-Mental State Examination (MMSE) were evaluated
in all waves in 1998, 2000, 2002, and 2005. The capacity of physical performance
was also evaluated in all waves by means of tests of standing up from a chair with-
out using hands, picking up a book from the floor, and turning around 360◦. As
initially planned, Instrumental Activities of Daily Living (IADL) questions were
not included in the 1998 baseline and 2000 follow-up surveys because the 1998
and 2000 waves interviewed the oldest-old only and the Chinese oldest-old are gen-
erally limited in IADL. We added IADL questions in our 2002 and 2005 surveys
when we expanded our survey to cover both the oldest-old and the younger elderly
aged 65–79.

The interview refusal rate among the Chinese oldest-old was very low: about 2
percent among those who were not too sick to participate with proxy assistance.
This high rate likely is due to the fact that the Chinese oldest-old in general like to
talk to outside people, plus they stay at home without a job or other duties. Many
of them and their family members may also feel honored to participate in survey
interviews concerning healthy longevity, as they may be proud of being a member
of a long-lived group. Many of the disabled oldest-old agreed to participate in our
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healthy longevity study through proxy assistance by a close family member. Those
who were too sick to participate with proxy assistance were not interviewed. Instead
the interviewers answered the question “Why was the interview not conducted or not
completed?” The answers to this question are used in data analysis to correct for se-
lection bias. Refusal rates increase substantially among younger interviewees aged
65–79 (5.1 percent) and among adult children aged 35–65 (14.3 percent) because
some of them did not want to devote their time to the interview.

One unique feature of the CLHLS study is that relatively comprehensive infor-
mation on the extent of disability and suffering before dying was obtained for those
interviewees who had died before the next wave by interviewing one of their close
family members. Collected information before dying includes date/cause of death,
chronic diseases, ADL, number of hospitalizations or incidents of being bedridden
from the last interview to death, and whether the subject had been able to obtain ad-
equate medical treatment when suffering from disease. If any of the ADL activities
were disabled or partially disabled, then a question on the duration of the disability
(or partial disability) would follow. The number of days spent bedridden before
dying was also ascertained. Data on how many days before death the elder did not
go outside and how many days before death the elder spent more time in bed than
out of bed were collected. Information on socioeconomic and demographic charac-
teristics, such as marital status, family structure, caregivers, financial situation, and
living arrangement before death, were also collected.

2.5 Research Opportunities

2.5.1 Healthy Survival and Disability of the Elderly

Population aging accompanied with the fastest growth of the oldest-old is unavoid-
able. Hence the fundamental question is the following: how can the global com-
munity adequately face the challenges of aging and achieve the goals of healthy
survival and declining disability, and not only survive, but also remain healthy up to
advanced ages? Despite the significance of this question, little is known about why
some people live into their 1980s, others into their 1990s, and a select few to age
100 or more; and why some people survive to advanced ages with good health while
others suffer severe disability and diseases (Jeune 1995; Vaupel et al. 1998). We be-
lieve that research based on CLHLS data may contribute important new knowledge
with which these basic questions may be addressed.

Improved knowledge on the determinants of healthy survival will help society to
reduce the costs of taking care of the disabled elderly. Leon et al. (1998) have esti-
mated that on average a one-month delay in nursing home placement could save as
much as $1 billion annually in health services costs in the US Lessons learned from
studying the oldest-old in Chinese society, where family and community-based care
(rather than nursing home care) is the main institution for taking care of disabled
elderly, may be a useful reference point for offsetting a devastating burden to the



32 Zeng Yi

health care systems in the US and other Western countries. Improved knowledge
about healthy longevity will also stimulate consumption and investment concerning
healthy survival, and strengthen the human capital of the healthy elderly; all of
this will certainly be useful in stimulating economic growth (Cutler and Richard-
son 1997; Morand 2002; Murray and Lopez 1996; Nordhaus 2002; WHO 2002).
The information will not only be beneficial to Chinese societies but also to in-
ternational businesses dealing with the huge markets of rapidly increasing elderly
populations in Western countries and China.

2.5.2 Extent of Disability and Suffering Before Dying

Based on Medicare data, Lubitz and Prihoda (1983) showed that 28 percent of all
Medicare costs were incurred by the 6 percent of enrollees who died within the
next 12 months. If an individual experiences severe suffering for an extended pe-
riod before dying, much pain and burden are brought on the individual, family,
and society. Hence, it is important to study factors associated with both healthy
survival and deceased elders’ extent of disability and suffering before dying. In the
CLHLS study, comprehensive data on health status, disability, and degree/length of
suffering before dying were obtained about the deceased oldest-old interviewees by
interviewing one of their close family members. As reviewed by George (2002), the
use of surrogate or proxy responses from family members is appropriate in qual-
ity of dying research. However, George (2002) also found that in most previous
quality of dying research, investigators appear to have selected a place for subject
recruitment (e.g., hospice settings, palliative care units) and then simply enrolled
the available patients, thereby introducing selection bias. Up to 2005, we collected
relatively comprehensive data before dying from a sample of nearly 12,506 elders
in the randomly selected half of the counties and cities forming the study area; as
noted previously, this is an area constituting about 85 percent of the total population
of China. This study has clear merit in this regard since it does not rely on a small
sample from a single health care setting, as was done in most previous quality of
dying research.

2.5.3 Intergenerational Family Relations and Healthy Longevity

Many studies consistently claim a strong association of family support with better
health and lower elderly mortality (Anderson et al. 1999; Rogers 1996; Zunzunegui
et al. 2001). Of all kin ties, the parent-child relationship remains the most important
“stem” in the family support network (Wellman and Wortley 1990). A dyadic ap-
proach that collects and analyzes data from members of two generations has been
proposed to study family relationships (Lye 1996; Thompson and Walker 1982).
Examples of large-scale surveys that interview both parents and children are the US
Longitudinal Study of Generations and the National Survey of Families and House-
holds (NSFH). Using funds entirely from Chinese sources, we added a sub-sample
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of 4,478 elderly interviewees’ adult children aged 35–65 in our 2002 survey. Follow-
up surveys on these adult children and their elderly parents in 2005 provided unique
data for studying intergenerational family relationships/transfers and their impacts
on healthy longevity. This is particularly relevant in the Chinese cultural and social
context, which tends to have a more valued family support system. As compared
to other studies following the dyadic approach, our study has unique strengths: the
mean age of old parents is 83.6 (SD=11.0) and the mean age of adult children is 50.3
(SD=8.6). About 60 percent of our paired-sample consists of oldest-old parent(s)
aged 80–110 with a child who is also elderly or nearly elderly, and about 40 percent
of the paired sample consists of old parents younger than age 80 with their relatively
younger adult child. Our paired-sample is particularly useful for studying the asso-
ciation of healthy longevity with the family relationship between the oldest-old and
their elderly children. To our knowledge, no study of this kind, with a large number
of pairs of oldest-old parent(s) and their elderly children, has ever been conducted.

2.5.4 The Unique Features

Our continuing CLHLS project offers an unparalleled opportunity for studies of the
determinants of healthy longevity. First, research leverage will be gained by focus-
ing on an extremely selected (and large) group of Chinese oldest-old. The Chinese
population is so huge that despite very high mortality in the past, the numbers of
oldest-old persons are very large and continue to rapidly increase. The proportion
of centenarians, nonagenarians, and octogenarians in China, however, is much lower
than in developed countries. For example, there were about 5 centenarians per mil-
lion in China in 1990s, compared with 25 per million in Japan and 50 per million
in Western Europe (Jeune 1995). The Chinese oldest-old aged 80+ are an extremely
select sub-population; they are the survivors of brutal mortality regimes of the past
operating on birth cohorts of many millions. A focus on extreme cases is often a
good way to gain research leverage at a reasonable expense. Research on the large
but extraordinarily selected Chinese oldest-old should provide important leverage
for better understanding healthy longevity in general.

Second, the age reporting of the Chinese oldest-old is reasonably good. Accurate
age reporting is crucial in studies dealing with elderly people, especially the oldest-
old. Often, older persons in developing countries cannot report their age accurately
(Coale and Kisker 1986; Elo and Preston 1992; Mosley and Gray 1993). The age
reporting of the Chinese oldest-old is reasonably reliable, based on the analysis
by a wide variety of international and Chinese demographers such as Coale and
Li (1991), Wang et al. (1998), and Zeng et al. (2001; 2002, using the CLHLS data),
and as analyzed and discussed in Chaps. 4 and 5 of this book.

Third, this is the largest longitudinal study of the oldest-old and has a compre-
hensive approach. It includes oldest-old aged 80–110 with the largest sample size
ever conducted, with younger elders aged 65–79 as a comparative group; moreover,
data have been collected on the extent of disability and suffering before dying,
oldest-old siblings-pairs, elderly interviewees’ adult children, and
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information concerning the communities where the interviewees live. The CLHLS
has the largest sample size of centenarians and nonagenarians compared to any other
study in the world. It also has a larger sub-sample size of octogenarians than any
other survey except the NLTCS and AHEAD in the US and is one of only ten studies
that collected data on the extent of disability and suffering before dying; it is one
of five studies that collected sibling-pairs data; and it is one of three studies that
interviewed elderly subjects’ adult children. The CLHLS and NECS are the only
two studies that include all three of the above data collection components (extent of
disability and suffering before dying, sibling pairs, and adult children) in one study.
Further, the main sample of the NECS covers centenarians only, while the CLHLS
covers persons in ages 80–110 in 1998 and 2000 and ages 65–110 in 2002 and 2005.

2.6 Data Availability and Contacts

2.6.1 Data Availability

The 1998 baseline, 2000, 2002, and 2005 follow-up healthy longevity survey data
sets are being distributed by Peking University and Duke University. Researchers
interested in using the data are expected to sign a Data Use Agreement. Raw data
will then be provided freely.

2.6.2 Contacts

Professor Liu Yuzhi, Executive Associate Director
Peking University Center for Healthy Aging and Family Studies (CHAFS)
Beijing, 100871, China; Tel: 0086-10-62756914; Fax: 0086-10-62756843
E-mail: chafs@pku.edu.cn; Website : http://www.pku.edu.cn/academic/ageing

Dr. Danan Gu, Research Scientist, Center for the Study of Aging and Human
Development, Medical Center, Duke University;
Durham, NC 27708 ; Phone: (919) 660-7532; Fax: (919) 668-0453
E-mail: gudanan@duke.edu; Website : http://www.geri.duke.edu/china_study

Appendix: The Weights for Producing Correct Estimates
of the Average of Entire Population of Old Persons, Based
on the Healthy Longevity Sample Survey Data

The age (x), sex (s), and rural–urban residence (r ) specific weight w(x , s, r , t) in
the survey year t is computed as
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Where N(x , s, r , t) is number of persons of age x , sex s, and residence r in year t ,
derived from the projected elderly population based on the last census 100 percent
data tabulations for the 22 provinces where the CLHLS survey was conducted, and
the estimated age–sex-specific survival probabilities between the census year and
the survey year t . The n(x , s, r , t) is number of persons of age x , sex s, and residence
r , derived from the healthy longevity survey conducted in the year t . The weight is
actually the multiplication of the ratio of [N(x , s, r , t)/n(x , s, r , t) ] and the overall
sampling ratio in the survey year t . No weights are needed when we compute the
average of the centenarians, since the survey attempted to interview all centenarians
in the sampled areas.

The weight w(x , s, r , t) is actually the ratio of age distribution of the entire
elderly population in the survey year t to the age distribution of the sample in the
year t . The weights for the over-sampled extremely old persons (e.g. 90+) are less
than 1.0, and weights for under-sampled elders (e.g. age 65–69 to 80–85) are greater
than 1.0.

The values of the weights vary (usually greater than 1.0 under age 88 and less
than 1.0 above age 90), and it produces correct average proportions of certain at-
tributes within age groups by using the weights. However, SPSS (or other software)
would not produce correct p-values for testing the statistical significance of the
differences of the proportions among different age groups, since the sub-sample
size of the age groups are altered after weighting the individual cases. Therefore,
the weights need to be adjusted to make sure that the sub-sample size within each
age group after weighting is exactly the same as the true sub-sample size. Denote
C j (s, r , t) as the adjusting factor for age group j (e.g. age group 90–95) with sex
s and residence r ; Tj(s, r , t) as the total number of interviewed persons of the
age group j with sex s and residence r . The following equations must be fulfilled:
C j (s,r ,t)

∑

x
w(x,s,r ,t)n(x,s,r ,t) = Tj(s,r ,t). Solving this equation, we obtain

the adjusting factor, C j (s,r ,t) = Tj (s,r ,t)/
∑

x
w(x,s,r ,t)n(x,s,r ,t).

The adjusted weights are w′(x,s,r ,t) = w(x,s,r ,t)C j (s,r ,t). We should use the
adjusted weights that produce both correct proportions, and correct sub-sample sizes
and thus correct p-values for testing the statistical significance of the differences of
the proportions among various age groups.

If one computes proportions of certain attributes of age groups with rural and
urban combined, the adjusting factor is not rural–urban specific, but age group and
sex specific: C j (s) = Tj (s)/

∑

x

∑

r
w(x,s,r ,t)n(x,s,r ,t).
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If one computes proportions of certain attributes of age groups with rural and
urban combined and both sexes combined, the adjusting factor is neither rural–urban
specific, nor sex-specific, but only age group specific: C j = Tj/

∑

x

∑

r

∑

s
w(x,s,r ,t)

n(x,s,r ,t).
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Chapter 3
General Data Quality Assessment of the CLHLS

Danan Gu

Abstract This chapter provides a comprehensive review of data quality of the third
wave of the Chinese Longitudinal Healthy Longevity Survey (CLHLS) in 2002 in
terms of proxy use, nonresponse rate, sample attrition, and reliability and validity
of major health measures. The results show that the data quality of the 2002 wave
of the CLHLS is generally good. Some recommendations in use of the dataset are
provided.

Keywords Accuracy of imputation, Bias, Convergent Cronbach’s alpha coeffi-
cient, Data assessment, Discriminant validity, Don’t know answer, Factual question,
Full proxy response, Homogeneity, Imputation, Inconsistent responses, Internal
consistency, Item nonresponse, Item-total, Item-total correlations, Knowledgeable
proxy, Minimum reliability coefficient, Missing completely at random, Missing
item, Missing value, Multiple imputation, Multiple item scale, Next of kin,
Nonresponse, Nonresponse rate, Objective question, Proxy, Proxy reporter, Proxy
response, Proxy use, Reliability, attrition, Significant other, Sources of error, Unit
nonresponse, Validity

3.1 Introduction

This chapter provides a comprehensive review of the quality of the data from the
third wave of the Chinese Longitudinal Healthy Longevity Survey (CLHLS) in 2002
in terms of proxy use, nonresponse rate, sample attrition, and reliability and validity
of major health measures. A data quality assessment for the first wave in 1998 may
be found elsewhere (Zeng et al. 2001).1 The third wave of the CLHLS gathered

D. Gu
Center for the Study of Aging and Human Development, Medical School of Duke
University, Durham, NC 27710, USA
e-mail: gudanan@duke.edu
1 There is no systematical data assessment publication in English for the 2000 wave. According to
the Chinese publication (Gu and Zeng 2004), the data quality of the CLHLS in 2000 is good.
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extensive questionnaire data through interviewing 16,020 elderly aged 65+. The
survey was conducted in randomly selected counties and cities in 22 of China’s 31
provinces.2 The 2002 wave extended its age range of the sampled elderly to include
the age range from 65 to 79 who were not included in the first two waves in 1998 and
2000. Among the 16,020 sample persons in 2002, 3,189 were centenarians, 3,747
were nonagenarians, 4,239 were octogenarians, and 4,845 were aged 65–79.

The design of the CLHLS questionnaire is based on international standards and
adapted to the Chinese cultural/social context and carefully tested by pilot stud-
ies/interviews. The CLHLS emphasizes questions that might shed light on risk factors
for mortality and healthy longevity. An interview and a basic health examination at
each wave were performed at the interviewee’s home. Extensive data were collected
including family structure, living arrangements and proximity to children, self-rated
health, self-evaluation on life satisfaction, chronic disease, medical care, social ac-
tivities, diet, smoking and alcohol drinking, psychological characteristics, economic
resources, caregivers and family support, nutrition and other health-related conditions
in early life (childhood, adulthood, and around age60), activities ofdaily living (ADL)
using the Katz ADL index (Katz et al. 1963), and cognitive function measured by the
Mini-Mental State Examination (MMSE) (Folstein et al. 1975). Physical performance
capacity was evaluated through tests of putting a hand to the back and neck, raising
hands upright, standing up from sitting in a chair without using hands, picking up a
book from thefloor, and turningaround360degrees.As initially planned, instrumental
activities of daily living (IADL) questions were added in the 2002 survey.

According to Groves (1987), there are three major potential sources of errors
due to nonobservation (coverage error, nonresponse error, and sample error) and
four major potential sources of errors due to observation or measurement (the inter-
viewer, the respondents, the questionnaire, and the mode of interview). This chapter
follows this framework in its attempt to assess the data quality of the CLHLS in
2002. All data analyses to this end are conducted using STATA 8.0 and SPSS 12.0.
Assessments of the accuracy of age reporting, mortality, and morbidity in the first
three waves of the CLHLS are presented in Chaps. 4–6 of this volume.

3.2 Proxy Use

As frequently reported in most empirical studies, it is normal for a survey of
the elderly to have more than 20 percent of respondents unable to complete the

2 The 22 surveyed provinces are Liaoning, Jilin, Heilongjiang, Hebei, Beijing, Tianjing, Shanxi,
Shaanxi, Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shangdong, Henan, Hubei, Hunan,
Guangdong, Guangxi, Sichuan, and Chongqing. The population in the survey areas constitutes
about 85 percent of the total population in China. Han Chinese people are the overwhelming
majority in the 22 surveyed provinces. There were 631, 777, and 866 counties and cities in the
1998, 2000, and 2002 surveys, respectively. The increase in numbers of survey units in 2002 was
mainly due to adding an elderly comparison group aged 65–79 who were not interviewed in 1998
and 2000; and partly due to an administrative boundary change in the later wave; or some selected
counties/cities that had no centenarians in an earlier wave but had centenarians in a later wave.
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questionnaire due to cognitive or linguistic impairments (Coroni-Huntley et al. 1986;
DeHaan et al. 1993; Magaziner et al. 1988). Studies of the elderly that fail to use
proxies often have a higher rate of nonresponse or missing data (Blazer et al. 1987).
Therefore, proxies are frequently used as an alternative so to reduce elderly non-
response, especially for the oldest-old because substantial proportions are usually
incapable of providing accurate responses or even participating due to impaired
hearing/vision, frail health or recall problems (Rodgers and Herzog 1992). Although
it is not known for certain whether proxy information is similar to that provided by
the subjects themselves (Pierre et al. 1998), there is a general consensus among in-
vestigators that proxy respondents should be used in research focusing on the oldest-
old in order to avoid biasing the data in favor of healthy older persons (Rodgers and
Herzog 1992).

Given that a proxy reporter is likely to be used, who then should be the proxy
reporter? The existing literature in epidemiological studies suggests that validity
varies considerably, depending on the relationship of the proxy to the respondent,
the type of information sought, and the time period involved (Tang and McCorkle
2002). Caregivers may be more knowledgeable than personal friends and fam-
ily members about physical health and functional symptoms of institutional re-
spondents, although some studies have shown that caregivers tend to overrate the
respondent’s disability (Rothman et al. 1991); whereas family members may be
more knowledgeable about personal, familial, and economic situations, and the like.
Among family members, wives have been shown to be particularly reliable proxy
reporters (Kolonel et al. 1977).

However, the use of proxy reporters rests to a large extent on the trade-off be-
tween nonresponse and inaccurate reporting. Errors due to unit and item nonre-
sponse may be reduced by seeking information from proxies, but in such a case
errors due to inaccurate responding may increase. To date, both of these assumptions
remain unsubstantiated (Rodgers and Herzog 1992). However, it is widely under-
stood that proxies can be used to report about factual issues, and produce fairly
accurate information. Sometimes with a good questionnaire design, good quality
data can be collected even on subjective questions (Basset and Magaziner 1988;
Rodgers 1988; Rodgers and Herzog, 1992). The consistent finding across studies is
that the accuracy of proxy ratings is high when the information sought is concrete
and observable (Klinkenberg et al. 2003; Tang and McCorkle 2002).

In the CLHLS, questions such as self-rated health, life satisfaction, and MMSE
tests on cognitive functioning are answered by the interviewees only. Other ques-
tions are answered by the interviewees themselves, as much as possible. For those
who are not able to answer these questions, a close family member or another
knowledgeable proxy (i.e., significant other) provides answers as indicated earlier.
An indicator question is marked by the interviewer to signify whether the answer is
provided by the interviewee or the proxy.

Table 3.1 shows the proportion of proxy use in the 2002 wave. Consistent with
the first two waves, proxy use increases with age. Table 3.2 suggests that about
90 percent of proxies are close relatives such as a spouse, children, and grandchil-
dren. Given the fact that proxies are used mainly to answer objective and factual
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Table 3.1 Comparison of proportion of proxy in the CLHLS (%)

Age group

65–79 80–89 90–99 100–105

1998 Wave
Without proxy 61.50 36.57 16.43
Mix 38.02 62.23 81.18
Full proxy 0.48 1.19 2.39

2000 Wave
Without proxy 62.05 37.41 15.92
Mix 37.39 61.07 80.64
Full proxy 0.57 1.52 3.43

2002 Wave
Without proxy 88.40 64.35 36.91 19.04
Mix 11.39 35.43 61.57 76.41
Full proxy 0.21 0.21 1.52 4.55

The number of questions in the 2002 wave is slightly more than in the previous two waves, which
might cause a relatively high percent of use of proxy. Full proxy means all questions except those
that must be answered by the sampled person are answered by the proxy

questions in the CLHLS, the higher proportion of close relative proxies suggests
that any potential bias is not substantial. Previous studies have shown that the level
of agreement between respondents and proxies is influenced by a number of factors
such as education, age, and living arrangement (Rothman et al. 1991; Tang and
McCorkle 2002; Zsembik 1994). Our multivariable analysis indicates that respon-
dents with an older age, lower education, rural residence, lower cognitive function-
ing, and higher disability are more likely to use a proxy. Our analysis further shows
that the respondents with a proxy have a 20 percent more relative risk of death
compared to those without a proxy (data not shown here).

The CLHLS did not obtain data comparing the agreement of responses between
the proxy and the respondent. However, the small amount of full proxy responses in-

Table 3.2 Distribution of proxy subjects in the CLHLS (%)

1998 wave 2000 wave 2002 wavea 2002 waveb

Spouse 5.55 5.18 5.02 32.00
Child or spouse of children 74.01 67.41 67.68 50.53
Grandchild or spouse of grandchild 12.37 16.56 15.92 8.00
Great grandchild or spouse of great grandchild 0.28 0.81 0.95 0.00
Sibling 0.24 0.18 0.20 0.84
Caregiver 2.76 4.34 5.27 2.11
Others 4.79 5.54 4.97 6.53
a Age 80–105
b Age 65–79
Based on two questions addressed to the interviewer “did anyone help the interviewee to answer
any question?” and “who helped the interviewee to answer questions?”. There is inconsistency
between these two questions and actual proxy use in the questionnaire due to a misunderstanding
of the questions by the interviewer (Zeng et al., 2001:112). The inconsistency rates are 13.2 and
6.2% for the 1998 and 2000 waves, and 3.9 and 2.6% for ages 80–105 and 65–79 in the 2002 wave,
respectively
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dicates the results may not be a big problem even if the bias between the respondent
and proxy exists.3 Researchers may also add an indicator variable for proxy use (i.e.,
whether the proxy is used or not for the sampled person) to adjust for such a bias if
they think proxy answers could be problematic, as some other previous studies have
done (e.g., Jenkins and Fultz 2005).

3.3 Nonresponse Rate and Incomplete Data

Nonresponse is an important indicator of data quality because it can bias survey
estimates (Jay et al. 1993). Numerous studies indicate that nonresponse is greater for
older adults than for younger adults (Herzog and Rodgers 1988), and nonresponse
is a serious problem among older age groups and may be particularly high among
those ages 85 and older (Herzog and Rodgers 1992). There are two types of nonre-
sponse, namely, unit nonresponse and item nonresponse (Mohadjer et al. 1994).4

The unit nonresponse rate among the Chinese oldest-old was very low, about 4
percent, in the first three waves. This is because the Chinese oldest-old, in general,
like to and have the time to talk to outside people, as they are at home without a job
or other responsibilities. Many of the respondents and their family members may
also feel honored to be interviewed about healthy longevity, as they may be proud
of being a member of a long-lived group. Many of the seriously disabled oldest-old
agreed to participate through proxy assistance provided by a close family mem-
ber. Unit nonresponse rates tended to increase slightly among younger interviewees
aged 65–79 (5.1 percent) because some of them apparently did not want to devote
their time to the interview. One Japanese study of the elderly also finds a higher
nonresponse rate in the lower age categories (Sugisawa et al. 1999). The amount of
unit nonresponse error is difficult to measure, and thus efforts are often directed to
minimize its occurrence (OMB 2001).

More recently, Lindner et al. (2001) recommend that steps should be taken to
account for possible nonresponse error when a unit response rate is less than 85
percent. Although the CLHLS has a unit response rate higher than 85 percent, atten-
tion should be paid to item nonresponses, because a low unit nonresponse rate does
not guarantee a low item nonresponse rate. Most data failures are due to a failure
to obtain or record all-item information. A large amount of incomplete data for a
particular item may indicate a problem with the translation of the item. Incomplete

3 Proxies for the prevalence of chronic diseases and primary cause of death for the decedent per-
sons are not reliable as indicated in Chap. 6 of this volume.
4 The line between item and unit nonresponse is sometimes not clear. For example, if a completed
questionnaire requires 90 percent of all possible items to be answered, it is possible that a number of
partial interviews would be treated as unit nonresponses. On the other hand, if the required level of
item responses is 80 percent for a completed questionnaire, the number of partial interviews treated
as unit nonresponses would decrease and the unit response rate would increase (OMB 2001). In
this study, a respondent who answered 60 percent or more of all possible items is coded as a valid
unit response.
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data might also indicate that respondents do not understand how to complete that
part of the questionnaire. Data incompleteness can be classified into “Don’t Know”
(DK) and “Missing” categories, when the respondent refuses to answer or for other
reasons.5 DK usually occurs on questions related to historical information when the
sampled person suffers recall problems, or when the proxy does not know about
actual facts of the sampled person. Francis and Busch (1975) find that the oldest-old
tend to give DK answers, and Herzog and Rodgers (1981) find that the oldest-old
give DK answers more frequently on questions related to attitudes, feelings and
expectations.

Table 3.3 shows that the average proportion of incompleteness of an item rated
for each respondent in the CLHLS is less than 10 percent, much lower than some
previous studies have reported (Wallace et al. 1992: 132). No difference is observed
between the 2002 wave and the previous two waves. Table 3.4 summarizes the
variables with incomplete answers of 2 percent or more.6 Variables with the highest
incomplete rate are “parents’ ages at death.” Although the incomplete rate declined
in the 2002 wave compared to those in the 1998 and 2000 waves, it remains at

Table 3.3 Average percentage of item incompleteness of each respondent in the CLHLS (%)

Age Males Females

DK Missing Total DK Missing Total

1998 Wavea

80–89 4.64 0.48 5.12 5.45 0.63 6.07
90–99 4.58 0.65 5.22 7.23 0.75 7.98
100–105 6.03 0.75 6.78 8.53 1.03 9.56

2000 Wave
80–89 2.26 1.51 3.78 2.91 1.97 4.87
90–99 2.61 2.06 4.67 3.54 2.82 6.37
100–105 3.22 2.50 5.72 4.42 3.52 7.94

2002 Wave
65–79 2.09 0.95 3.04 2.32 1.33 3.65
80–89 2.74 1.58 4.32 4.01 2.23 6.24
90–99 3.80 2.01 5.81 4.84 2.69 7.52
100–105 4.60 1.95 6.55 5.95 2.74 8.69

Percentage of incomplete items (including don’t know and refusal to answer) of each respondent is
calculated based on the number of items that could be answered and the number of items answered
by each respondent. Numerator in DK does not include “unable to answer” questions, which should
be answered by the interviewee only
aThe results for 1998 are different from Zeng et al., (2001) since the results of Zeng et al. (2001) did
not include “don’t know” in chronic diseases and did not include nonreported information about
siblings or children

5 Unlike most other studies, data incompleteness due to DK and missing in this paper is separately
discussed from sample attrition.
6 In the 1998 survey, there are 22 percent of respondents who did not know the name of the county
in which they were born. There are 16 percent of respondents with missing lung flow data in the
1998 wave. These two variables are not listed in Table 3.4 since they were not asked in the 2000
and 2002 waves.
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Table 3.4 Distribution of variables with more than 2 percent incomplete answers in the
CLHLS (%)

1998 2000 2002a 2002 b

Eating style (D4 sets) 1.2–4.3 <2.0 <2.0 <1.0
Habit (i.e., smoking, drinking,

exercise, physical laboring)
1.0–4.0 <2.0 <1.5 <1.5

Marriage history >5.0c >4.0c >1.5c >0.1c

Parents’ age at death, and
respondent’s age at parents’
death

30.0–40.0 27.0–35.0 25.0–30.0 7.8–10.5

Birth order and # of sibling 2.0–3.0 2.2 2.2 <0.5
Sibling information >7.0c >3.4c >3.7c >0.5c

Children’s information >3.0c >2.7c >2.2c >1.0c

Blood pressure 3.0 3.2 0.9 <0.2
Height (Acromion-processus

styloideus ulnae; right knee to
the floor)

5.0 NA 0.0 0.0

Weight 8.0 1.7 0.0 0.0
Chronic diseases 7.0–10.0 5.0–8.0 3.6–7.5 2.4–5.0
Intergenerational transfers

(upward)
NA NA 6.5 7.5

Intergenerational transfers
(downward)

NA NA 6.3 7.0

aAge 80–105
bAge 65–79
cNo upper boundary was provided here since the number of items that could be answered by each
respondent is different, and the aggregated incomplete proportion is high for some items although
the absolute number is not large due to the very small number of eligible respondents
NA, not applicable since there was no such question in 2000

more than 25 percent. Hence, extreme caution is recommended in dealing with such
variables. If item nonresponses are missing completely at random, the estimates
will not be biased (Allison 2002). The estimates might be biased, however, if item
nonresponses are not completely at random. In such a case, tests should be made to
detect any correlates. Prior studies have suggested that factors that might pertain to
item nonresponse include age, sex, education, geographic region, and urban/rural
residence (Jay et al. 1993). Our multivariable logistic results reveal that factors
such as ethnicity, marital status, urban/rural residence, cognitive functioning, and
self-reported health are all correlated to aggregated item nonresponses in each of
the first three waves in the CLHLS. Those who are older, female, urban residents, of
a minority ethnicity, not currently married, and in bad health are more like to have
incomplete items, which is consistent with some previous studies in Western nations
(Francis and Busch 1975; Herzog and Rodgers 1981).

Could item nonresponses that are conditional on a set of covariates introduce a
bias in the estimation? Some studies argue that the effect of item nonresponses on
outcomes does not depend on the difference between who gives the answers and
who does not; rather, it depends on how the respondents who give answers differ
from all those who are eligible to be interviewed (Norris and Goudy 1986; Kempen
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and van Sonderen 2002). In other words, if the response structure or pattern for
those who answered the question is the same as the response structure or pattern for
all sampled persons if they all could provide answers, then the estimates based on
only those without nonresponse would be the same as the estimates based on the
whole sample if all persons could answer the question.

Given that the CLHLS survey has encountered some level of nonresponse both
in unit and item nonresponses, two general approaches could be applied to compen-
sate for these nonresponses, namely, weight adjustment and imputation. Kalton and
Kasprzyk (1986) note that weight adjustments are primarily used to compensate
for unit nonresponses while imputation procedures are more likely to be used to
compensate for missing items. In the CLHLS, a weight matching the post hoc dis-
tribution of age–sex–urban/rural residence in the sample with the distribution of the
total population in the sampled 22 provinces is employed to reflect the unique sam-
ple design and compensate for unit nonresponses. This post hoc weight takes both
the special design of the CLHLS and unit nonresponses of three basic demographic
variables (i.e., age, sex, and urban/rural residence) into consideration (see Zeng et al.
2001 for detail). However, this weight has no relationship with other factors since
their frequency distributions for the population are difficult to obtain and the weight-
ing adjustment has the disadvantage of taking too many factors into consideration
(Lepkowski et al. 1989). Researchers can create other weighting schemes if they
have a reliable distribution for the total population in those 22 sampled provinces.

For compensating item nonresponses, Landerman et al. (1997) suggest using the
mean if the incomplete rate of a particular variable is less than 2 percent; however,
they argue that it is better to use regression or maximum likelihood methods to
estimate nonresponse values when the incomplete rate is 2–5 percent, and to use
multiple imputation to get estimates for nonresponse values when the incomplete
rate exceeds 5 percent. With regression, maximum likelihood, or multiple impu-
tation, biases in estimation can be lessened. Other strategies for dealing with this
problem such as trimming bounds have also been suggested (Lee 2002). Other stud-
ies suggest treating the missing value as a special category if one is unable to ensure
the accuracy of imputation (e.g., Hayward and Gorman 2004; Zimmer et al. 2002).
The released CLHLS dataset does not provide imputed values for those variables
with item nonresponses. If users of the CLHLS dataset want to impute the variable,
they should follow the recommended approaches of Allison (2002), who provides a
simple and very good theoretical background for how to handle item nonresponses.
Most statistical packages such as SPSS, SAS, and STATA are capable of handling
imputations or multiple imputations for item nonresponses. Our testing analyses
show that the difference across different imputation approaches is not substantial,
especially when the item nonresponse rate is less than 5 percent.

3.4 Sample Attrition

In longitudinal surveys, sample attrition (or data attrition, i.e., respondents lost
in a follow-up survey) occurs when previous respondents migrated, refused to
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participate in the survey, became hospitalized, moved, or the address of a previous
respondent was not sufficiently detailed.7 Sample attrition is one of the most serious
problems associated with longitudinal survey data. Similar to item nonresponse,
sample attrition may distort the treatment/control comparison, depending on the
type of attrition that takes place. If attrition is completely random with respect to
all factors relevant to the outcome being measured, it leads to less precise estimates
of program impacts (due to the reduction of the sample size), but does not lead to
biased estimates (Mossel and Brown 1984). However, biased estimates might occur
if sample attrition is correlated with some particular attributes, which may result in
a lack of generalizability.

Out of a total of 11,162 interviewees in 2000, 6,291 (56.3 percent) were still alive
at the 2002 wave, 3,335 (29.9 percent) died before the interview was held in 2002,
and 1,536 (13.8 percent) were lost.8 The proportion of attrition was higher between
the 2000 and 2002 waves than between the 1998 and 2000 waves (9.6 percent). The
true reason for the higher sample attrition in the period of 2000–2002 is not known.
The frequency distribution indicates that the urban sample had a higher attrition in
the 1998–2000 period than in the 2000–2002 period. We suspect this had something
to do with more frequent resettlement of urban residents due to municipal construc-
tion and/or more frequent changes in re-delimiting the administrative boundary of
counties and/or districts in the period, which would tend to cause more difficulty
in locating previously sampled persons. Other possible reasons include unfavorable
weather, transportation difficulties, and so forth. Compared with data attrition in
surveys conducted in Western countries, the CLHLS has a similar proportion of
data attrition. For instance, the proportion lost to follow-up in the 2-year interval in
the second, third and fourth waves of the Longitudinal Study of Aging in the USA
was 7.6, 12.1, and 16.0 percent, respectively (Mihelic and Crimmins, 1997). The
proportion of respondents lost to a 2-year follow-up was 17.8 percent in a survey of
Mexican elderly (Vellas et al. 1998).

Table 3.5 indicates that significant associations between sample attrition and vari-
ables in the model are observed except in self-reported health. Respondents who
are female, physically and cognitively impaired, and with low social contacts are
associated with higher attrition rates. This is consistent with prior findings in the
literature (e.g., Powell et al. 1990; Sugisawa et al. 1999). However, unlike some pre-
vious research that finds older age is associated with a higher attrition (e.g., Slymen
et al. 1996), we find that the age pattern is not significant from Wave Two to Wave
Three.9

Urban respondents in the CLHLS are more likely to be lost to follow-up, partly
because of changes that were made in administrative zones in urban areas as

7 Those who died but followed up at the subsequent wave is not considered as a type of sample
attrition in this study.
8 Those who were lost to the follow-up also include some who actually died.
9 There is a significant age pattern of sample attrition between Wave One and Wave Two: younger
oldest-old are more likely to be lost to follow-up.
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Table 3.5 Odds ratios of lost to follow-up by selected variables in the CLHLS

Variables Lost to follow-up in 2000 Lost to follow-up in 2002

Females (males) 1.21∗ 1.20∗

Age 90–99 (age 80–89) 0.68∗∗∗ 1.03
Age 100–105 (age 80–89) 0.51∗∗∗ 0.90
Rural (urban) 0.46∗∗∗ 0.70∗∗∗

Minority ethnicity (Han) 0.46∗∗∗ 0.62∗∗

1 + schooling (no schooling) 1.49∗∗∗ 1.23∗

Currently married (not married) 1.04 1.07
Living alone (others) 1.19 1.17#

High proximity with children (low) 0.82∗ 0.80∗∗
Poor ADL (good ADL) 1.14 1.32∗∗∗
Poor MMSE (good MMSE) 1.09 1.20∗∗
Self-reported poor health (good health) 0.97 1.00
Proxy (no proxy) 0.89 0.89#

Missing group 2 (missing group 1) 1.11 1.22∗∗
Missing group 3 (missing group 1) 1.13 1.33∗∗∗

2000 newly interviewed (1998 interviewed) – 1.31∗∗∗

N 8,805 10,844
-2LL 5298.1∗∗∗ 8506.6∗∗∗

Age 80–105 only. Three missing groups are classified based on the missing rate of each respondent.
Group1, <2%; Group 2, 2–5%; Group 3, >5%. #, p < 0.05; ∗∗, p < 0.01; ***, p < 0.001.

indicated earlier, and partly because urban respondents have a higher mobility than
their rural counterparts. Respondents of minority ethnicities are less frequently lost
in follow-up surveys compared with Han respondents. Furthermore, respondents
who have missing items of 5 percent or more have 13–33 percent more chance
of being lost to follow-up compared with those respondents with missing values
of less than 2 percent, after controlling for sociodemographic attributes and health
conditions at previous waves. It is interesting to note that respondents using a proxy
are less likely to be lost to follow-up in the following wave, possibly because they
are less mobile, which makes them easier to locate.

As reported by Norris and Goudy (1986) and Kempen and van Sonderen (2002),
the effects of sample attrition on outcomes depends on how reinterviewed respon-
dents differ from all those who are eligible to do so. Furthermore, the strong linkage
between sample attrition and its associates does not necessarily mean that the coef-
ficients of predictors for outcomes of interest must be affected by sample attrition.
Kempen and van Sonderen (2002) demonstrate that attrition might not always be a
serious problem when associations between variables are the focus of a study, par-
ticularly when the proportion of dropouts is not too large, although a cross-sectional
descriptive analysis at a later wave may be more affected by attrition. Therefore, it
is unlikely that there will be significant problems in estimations in the CLHLS, with
its relatively low sample attrition. All compensation approaches mentioned above
for nonresponse items are fully applicable to deal with sample attrition wherever
necessary.
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Table 3.6 Inconsistent responses for selected items in the CLHLS

Inconsistent items 1998 2000 2002a 2002 b

# % # % # % # %

1. ADL fully dependent but can
pick-up a book while standing

112 1.27 110 1.00 108 0.99 0 0.00

2. ADL fully independent but can’t
stand up from a chair

50 0.57 83 0.76 230 2.11 96 1.98

3. Can’t stand up from a chair but does
housework or fieldwork everyday

6 0.07 4 0.04 117 1.07 66 1.36

4. Reported bedsores but does
housework or field work everyday

6 0.07 26 0.24 6 0.05 1 0.02

5. Had a proxy for answering some
questions but interviewer didn’t
markc

891 10.12 544 4.96 248 2.27 86 1.78

aAge 80–105
bAge 65–79
cThis might be caused by interviewer’s misunderstanding the question “Did anyone help the inter-
viewee to answer any question?” They might have mistakenly understood it as referring only to
those questions that must be answered by interviewee

3.5 Logical Error (Inconsistent Response)

Logical errors might occur across all questions due to inconsistent answers provided
by interviewees, the carelessness of interviewers, and mistyping or miscoding of
data entries. Tables 3.6 and 3.7 show that the inconsistency of responses given by
interviewees or proxies is slightly higher in the 2002 wave compared with levels
in the previous waves, although the inconsistency given by interviewers is lower
in the 2002 wave. Inconsistent responses seem to increase slightly with age. The
difference between genders is trivial.10

Table 3.7 Distribution of Inconsistent responses in the CLHLS

Ages Males Females

1998 2000 2002 1998 2000 2002

65–79 4.72 4.94
(2.75) (2.95)

80–89 12.53 7.70 6.25 14.70 8.24 6.35
(2.41) (2.35) (3.90) (2.93) (2.49) (3.60)

90–99 14.16 8.27 6.94 13.59 7.94 7.81
(3.93) (2.92) (4.42) (3.44) (3.78) (5.59)

100+105 13.97 11.75 9.92 13.34 8.54 8.23
(5.46) (6.39) (7.24) (4.71) (4.61) (6.65)

The figures in parentheses do not include interviewer’s misunderstanding the question “Did anyone
help the interviewee to answer any question?”

10 A similar pattern was also observed in the National Long-Term Care Survey in the U.S.
(Wallance 1992: 133).
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3.6 Reliability of Major Health Measurements

In the CLHLS, health has been conceptualized in a multidimensional manner, with
a general emphasis on physical and mental domains. The use of existing standard-
ized instruments has the benefit of prior experience and information on measure-
ment properties (Wallace and Herzog 1995), which is increasingly advocated as
key outcome measures in health surveys (McHorney et al. 1994). Several trans-
lated Chinese versions of activities of daily living (ADL), instrumental activities
of daily living (IADL), and the Mini-Mental State Examination (MMSE) have
been developed and have been shown to be reliable and valid (e.g., Chou 2003;
Zhang 1993; Zhang et al. 1998). However, these scales mainly focus on young adults
or young elders. Their appropriateness for the oldest-old has not been determined.
The CLHLS provides an opportunity to examine their reliabilities and validities
among this rapidly growing subpopulation who need the most help but about whom
we know very little. One unique feature of the CLHLS is that relatively comprehen-
sive information on the extent of disability and suffering before dying was obtained
by interviewing a close family member (next of kin). The 2002 wave gathered 3,340
questionnaires for the deceased aged 80 and over who died between the 2000 and the
2002 waves. The remaining parts of this chapter aim to provide a relatively detailed
assessment on the reliability and validity for all major health domains in the CLHLS.

3.6.1 Internal Consistency of Multiple Items Scales

Internal-consistency reliability for selected measurements was estimated using Cron-
bach’s alpha coefficient (Cronbach 1951). A minimum reliability coefficient of 0.70
has been recommended for group-level analyses, while reliability coefficients of
0.90 or greater have been suggested for individual-level analyses (Nunnally 1994;
Stewart et al. 1992).

Table 3.8 shows that all Cronbach’s alpha coefficients for the ADL scale (con-
sisting of bathing, dressing, toileting, indoor transferring, continence, and eating)
and MMSE in the 2002 wave are above the 0.70 criterion suggested for group com-
parisons, indicating good internal consistency. It is worth noting that the reliability
of ADL before dying is higher than that for survivors, although questions of ADL
before dying were all answered by next of kin. The IADL items are a combination of
different sources derived from major surveys for elders around the world. The relia-
bility for eight IADL items in the 2002 wave is also high, indicating the possibility
of creating a scale. On the other hand, the data reported in Table 3.8 indicate that
the reliability coefficients for negative and positive personality variables are lower
than 0.70 if we exclude those who are too sick to be able to answer questions,11

11 Questions related to personality and cognitive functioning must be answered by the interviewee
themselves; no proxy is allowed in this regard. If the interviewee is too sick to answer a question,
the interviewer marks “unable to answer” for that question.
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implying that they might not be appropriate to use in scale generation.12 It is also
interesting to note that the reliability for some scales and variables among young
elders is slightly lower than those for the oldest-old. The reasons for this are unclear.
Smaller sample sizes among the younger elderly could be a possible cause. Further
research is clearly warranted.

3.6.2 Homogeneity

The homogeneity of the ADL, IADL, and MMSE scales, and other potential scales
is assessed by evaluating item-total correlations. Item-total correlations compute the
correlation between an item and its own scale with the item of interest eliminated
from the calculation of the score. Although some researchers argue that it is consid-
ered satisfactory if the item-total correlation reaches 0.40 or more for the purpose of
comparison (Ware et al. 1980), other scholars suggest that the criterion for item-total
correlations might be efficient if it exceeds 0.20, especially for categorical items that
define the extremes of the scale range (Streiner and Norman 1995). Our results show
that all item-total correlations (see Table 3.8) are over the minimum requirement
suggested by Streiner and Norman (1995), and even over the 0.40 criterion, except
those for personality if persons unable to answer questions are excluded. Note that
for the ADL scale, if continence is deleted, both the reliability coefficients and the
item-total correlations will be substantially improved, and the item-total correlation
will pass 0.40 for young elders in the 2002 dataset, indicating the possibility of re-
moving continence from ADL scales, as some recent studies have done (e.g., Jagger
et al. 2001).

The percentage of respondents at the highest possible (ceiling) or lowest possible
(floor) scores also should be noted. As for scales or variables related to functional
limitations, a negative skew pattern is observed, indicating distributions with respon-
dents scoring toward the positive end of the scales in the CLHLS. This is anticipated
for a generally well elderly subpopulation.

3.7 Validity of Major Health Measurements

The validity of a measure in the health field has often been evaluated by its con-
tent, construct, and criterion validity (Gandek and Ware 1998). Content validity
examines the extent to which a measure or questionnaire represents the universe
of concepts or domains; that is, whether the measure offers an adequate sample of
the content of a construct (Stewart et al. 1992). Construct validity is a process in

12 In designing the personality scale, we did not follow existing scales because most scales are
developed in Western countries, and might not be appropriate for use in China. We, therefore,
selected some major items from various scales that we believed were appropriate for use with the
Chinese elderly. Therefore, it is better to analyze these variables individually, which is confirmed
by the results in Table 3.8.
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which validity is evaluated in terms of the extent to which a measure correlates
with variables in a manner consistent with theory (Stewart et al. 1992). Convergent
and discriminant validity are at the foundation of construct validation. Convergent
validity is supported when different methods of measuring the same construct pro-
vide similar results, whereas discriminant validity is supported when a measure of
one underlying construct can be differentiated from another construct. In brief, high
and consistent correlations were assumed between an item and its own scale, and
significantly lower associations between that item and all other scales. If a scale is
valid, items on which the scale is based should be related to each other (convergent
validity) and not related to measures of different concepts (discriminant validity).

For establishing convergent and discriminant validity of the measures, relation-
ships of selected scales and measures have been examined, and the results are pre-
sented in Table 3.9. ADL measures daily functioning in terms of eating, dressing,
moving, toileting, continence, and bathing. IADL also measures daily functioning
but with respect to more difficult tasks. If they are valid, they are expected to have a
higher correlation between them and a higher correlation with functional capacity of
extremities and body mobility than correlations with personality measures. On the
other hand, if the personality measures are valid, positive and negative personality
should have a higher correlation between each other than the correlations between
them and other measures. Table 3.9 also presents the ranges of all possible correla-
tion coefficients within scales (measurements) and across scales (measurements). It
is apparent that all correlations between items within the same dimension or similar
dimensions are much higher than correlations between items from different dimen-
sions. Moreover, the correlations between the cognitive performance measures and
the IADL index of cognitive functioning are positive but small, reflecting similar
findings reported in the literature (Morris 1983; Wallace and Herzog 1995). It is
clear that the results presented in Table 3.9 support a good convergent and discrim-
inant validity for these measurements in the 2002 wave.

Another approach for testing construct validity of measures is factor analysis,
which measures whether the same dimensional variables load on the same factor
(Stewart et al. 1992). Our results support the good validity of these measures in the
2002 wave.13

3.8 Concluding Remarks

This chapter has examined the data quality of the 2002 wave of the CLHLS, mainly
on proxy use, item incompleteness, sample attrition, and the dimensionalities of re-
liability and the validity of health condition measurements. Based on the results, we
are generally pleased with the quality of the health indicators in the CLHLS. Analyses
of health measures showed high reliability and validity on items that we were able to

13 The results of factor analyses are not shown in this chapter due to limited space, but they are
available upon request.
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evaluate and exceeded widely used criteria. Therefore, we are confident that they are
measuring meaningful underlying concepts, thereby permitting comparisons between
groups. The results reported in this chapter also suggest that the Chinese translated
version of the Katz ADL Index and the Chinese version of the MMSE are both reliable
and valid for the oldest-old.14 In sum, the evidence above has led us to believe that the
data quality of the 2002 wave of the CLHLS is generally good.

We recommend that attention be given to the following issues and items. First,
it is inappropriate and not recommended to generate a scale for personality mea-
surements since their reliability is below the required cut off point. Second, higher
proxy use is related to older age, lower education, rural residence, lower cognitive
functioning, and higher disability. Therefore, it would be better to add an indicator
variable (i.e., the presence or absence of a proxy) in the analysis when the aim of the
proposed research is to examine the effects of these factors. Third, we find that item
incompleteness and sample attrition are linked to age, gender, urban/rural residence,
ethnicity, and health conditions. Although it is unlikely that these limitations will
significantly affect results, sufficient attention must be paid to them in verifying and
reporting the outcomes.

Acknowledgments The research reported in this chapter is supported by the National Institute
on Aging grant (R01 AG023627-01) and the National Natural Science Foundation of China key
project grant (No. 70533010).
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Chapter 4
Reliability of Age Reporting Among the Chinese
Oldest-Old in the CLHLS Datasets
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Abstract This chapter evaluates age reporting among the oldest-old, especially
centenarians, in the Chinese Longitudinal Healthy Longevity Survey (CLHLS)
based on comparisons of various indices of elderly age reporting and age distri-
butions of centenarians in Sweden, Japan, England and Wales, Australia, Canada,
China, the USA, and Chile. The analyses demonstrate that age reporting among the
oldest-old interviewees (Han and six minority groups combined) in the 22 provinces
in China where the CLHLS has been conducted is not as good as that in Sweden,
Japan, and England and Wales, but is relatively close to that in Australia, more
or less the same as that in Canada, better than that in the USA (all race groups
combined), and much better than that in Chile. As indicated by the higher density
of centenarians, age exaggeration exists in the six ethnic minority groups in the
22 Han-dominated provinces, although we cannot rule out and quantify the poten-
tial impacts of past mortality selection and better natural environmental conditions
among these minority groups. We find that the age exaggeration of minorities in the
CLHLS may not cause substantial biases in demographic and statistical analyses
using the CLHLS data, since minorities consist of a rather small portion of the
sample (6.8 percent at baseline and 5.5 percent in the grand total sample of the
1998, 2000, and 2002 waves).
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4.1 Introduction

This chapter examines the quality of age reporting among the oldest-old in the
Chinese Longitudinal Healthy Longevity Survey (CLHLS). Assessments of data
quality pertaining to disability, cognitive reliability and validity, proxy use, non-
response rate and data incompleteness, sample attrition, and logical consistency in
the CLHLS may be found in Chap. 3 of this volume and in Zeng et al. (2001).

Age reporting is a crucial issue in the study of healthy longevity. Age exagger-
ation will cause an underestimation of mortality rates at higher ages (Coale and
Li 1991). The literature has established that accurate age reporting is generally
a feature of developed societies with a few exceptions (Coale and Kisker 1986,
1990; Ewbank 1981; Seltzer 1973; Thatcher 1981). On the other hand, although
age reporting among elderly persons in most developing countries is poor mainly
due to age exaggeration (Dechter and Preston 1991; Retherford and Mirza 1982;
Rosenwaike and Preston 1984), previous studies have shown that the quality of age
reporting appears to be relatively good in several developing countries where date
of birth has longstanding astrological significance such as among the Han majority
in China (e.g., Coale and Li 1991; Wang et al. 1998), Korea (Jowett and Li 1982)
and some other countries or regions (Knodel and Chayovan 1991).

Specifically, Coale and Li (1991) have shown that Han Chinese (and some mi-
norities who over the years have been culturally and residentially integrated with the
Han) tend to use the Chinese lunar calendar (for older generations) and the Western
calendar (for younger generations) plus animal year to remember their birthdays1.
This is important for Chinese people because the precise date of birth is significant
in making decisions on important life events such as matchmaking for marriage,
date of marriage, and the date to start building a house, among other events. There-
fore, Han Chinese, even if illiterate, can usually provide a reliable date of birth for
themselves or for their close family members (Coale and Li 1991).

In the CLHLS data collection efforts we employed user-friendly forms for
converting the reported birth dates of the Chinese lunar calendar into the Western
calendar. The CLHLS asks for date of birth (rather than age directly) and computes
the respondent’s age after the survey by subtracting it from the date of the survey,
because the Chinese system of calculating nominal age may make the response am-
biguous.2 Other information relevant to the date of birth such as genealogical record,

1 Although the Chinese animal year cycle is 12, there are no preferences for reporting ages, which
are a multiple of 12. Some people may prefer their children to be born in a particular animal year
(preference varies with region and time period), which may cause the birth rate in such a year to
be somewhat higher than that in other years. But once born, Chinese people remember their actual
animal year precisely, according to Chinese cultural tradition. Combining the animal year and a
Chinese calendar such as the Gan Zhi, which reports the year or the years since the establishment
of the ruling period of an emperor (e.g. Guang Xu year) or the Republic of China (Ming Guo year),
for old people, and the Western calendar for younger people generally helps Han Chinese people
to accurately report their birth date.
2 According to the Chinese nominal age system, a person is counted as one year old on the day of
birth, and one year older with each Chinese new year’s day so that the nominal age is exaggerated
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ID card, and household registration booklet were also collected in the CLHLS to val-
idate the sampled elder’s age. The interviewers and supervisors also check the par-
ents’ age, sibling’s age, and the children/grandchildren’s age of the sampled person,
and the age of the sampled person at marriage and at birth, and so forth, to further
validate age reporting. An additional question was designed for each interviewer to
provide his/her judgment on the validity of the sampled person’s age in the inter-
viewer section in the CLHLS questionnaire. If the sampled person reported her/his
age to be over 105, the interviewer was instructed to obtain additional evidence or
concurrence from the local residential committee and local aging committee. If any
inaccuracy in the reported age or any other logical problem in the questionnaire was
found, a re-interview or phone call regarding specific questions was conducted.3

We examined the quality of age reporting in the CLHLS (1998) through com-
parisons with Sweden (1970–79), Japan (1970–79), England and Wales (1970–79),
Australia (1970–79), Canada (1960–69), the USA (1960–69), and Chile (1980–89),
all with similar life expectancies at age 654 as compared to the 22 surveyed
provinces in China in 19985. The inter-country comparisons are based on the indices
of age heaping, age-specific percentage distributions of centenarians, age ratios of
centenarians proposed by Booth and Zhao (Chap. 5 in this volume), and the density
of centenarians. It is commonly believed among international demographic experts
in the aging fields that the data quality of age reporting among oldest-old people is

by one or two years as compared with the actual age. If one simply asks for age, someone may
respond in nominal age and some others may provide actual age, which will result in false age
records. During the logical checks on the completed questionnaires and during data processing, we
discovered that some interviewers did not follow the instructions but simply put the nominal age
in the blank cell of the questionnaire where they are supposed to convert the reported birth date
into age. The interviewers obtained the nominal age either from the list of centenarians provided
by the local aging committee, which sometimes consider the nominal age 100+ as qualified ages
for issuing centenarians’ subsides, or from conversations with the interviewees, although there is
no question for directly asking age in the questionnaire. In these cases, the survey team corrected
the nominal ages by the correct ages converted from the reported birth dates.
3 For example, in 2002 the age reporting of 46 persons was inconsistent with what was recorded
in the 2000 data set. The survey team re-visited them and corrected the errors case by case.
4 Unlike Booth and Zhao (2007, Chapter 5 in this volume) who used Swedish data from 1943–52,
data from England & Wales in 1950–55, and Japanese data in 1962–66 to compare to the 1998
CLHLS data in 1998 according to the closeness of Chinese life expectancy at birth around 1998,
we selected the periods for inter-country comparisons based on the closeness to the Chinese life ex-
pectancy at age 65 (e65 = 17) around 1998. We used this approach because period life expectation
at age 65 is more directly and closely related to age distributions at the oldest-old ages, but period
life expectancy at birth largely depends on the mortality of infants, children, and young adults,
which is not directly and closely relevant to the age distribution at the oldest-old ages. Therefore, an
inter-country comparative analysis aimed at examining age reporting through constricting the age
distributions among the oldest-old would be more robust if we use the closeness of life expectancy
at age 65 instead of the life expectancy at birth as a criterion for selecting the periods of the data
sources.
5 The data for Sweden, E&W, Australia, Canada, and USA are from Human Mortality Database
(http://www.mortality.org). The data for Chile are from the Kannisto and Thatcher Database on
Old Age Mortality (http://www.demogr.mpg.de).
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the best in Sweden and Japan, very good in England and Wales, and in Australia,
acceptably good in Canada, not so good but acceptable for academic research in
the USA and Chile. For example, the Kannisto–Thatcher Database on Old Age
Mortality consists of 31 countries, including Sweden, Japan, England and Wales,
Australia, Canada, the USA, and Chile, as well as the Singapore Chinese. The inclu-
sion of these 31 countries was based on careful data quality evaluations by Kannisto
and Thatcher: they determined that these data were sufficiently reliable and detailed
for their demographic and comparative analysis on oldest-old mortality using uni-
form methods and measurements (Kannisto 1994). The Kannisto–Thatcher database
classified these 31 countries into four relative categories, as follows: good quality,
acceptable quality, conditional acceptable quality, and weak quality. Sweden, Japan,
and England and Wales were in the “good quality” category. Australia was in the
“acceptable quality” category. The data quality of Canada and US Whites was also
considered to be generally acceptable; however, the oldest-old data of United States
non-whites (and the US as a whole) and Chile were the least reliable, although they
passed Kannisto–Thatcher’s careful data evaluations and were therefore entered into
the 31-country database of old age mortality (Kannisto 1994). Note that Chile was
the only developing country (in addition to the data on the Singapore Chinese) which
was entered into the Kannisto–Thatcher Database on Old Age Mortality.

4.2 Age Heaping

Given the specially designed CLHLS target-sampling procedure aimed at interview-
ing approximately equal numbers of males and females at each single age category
from age 65 to age 99 (see Section 4.3 in Chap. 2 of this volume for more details), we
could not use the age distribution of all interviewees in the CLHLS to examine age
heaping. Therefore, data from the 2000, 1990, and 1982 censuses for the 22 CLHLS
provinces were used to investigate age heaping as a general context for an analysis
of CLHLS age reporting. Table 4.1 presents the percent distribution of sampled Han
(93.2 percent at baseline and 94.5 percent in the three waves combined) and the six
ethnic minority groups (6.8 percent at baseline and 5.5 percent in the three waves
combined) in the CLHLS, as well as the Whipple’s Index and Myer’s Index, both
of which are conventional measurements of age heaping based on census data. The
census data indicate that there is no age heaping among the Han and the six minority
groups in the 22 CLHLS provinces.

Since both the Whipple’s Index and the Myer’s Index do not focus on the very
old ages, one may reasonably question its validity for identifying age heaping prob-
lems among the oldest-old (see Chap. 5 in this volume). Coale and Li (1991: 395)
proposed an index to measure age heaping (digit preference) by deviation of the
ratio of the number at each age to a two-stage moving average (the five-term aver-
age of a five-term average) from a perfect standard without any age heaping. Em-
ploying Coale and Li’s method, we computed the average ratio at ages 85–105 for
the 22 provinces in China in the 2000 census, Sweden, Japan, England and Wales,
Australia, Canada, the United Sates, and Chile for selected periods in which each
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Table 4.2 Mean of the ratios (MR) of the number at each age to a two-stage moving average, ages
85–105

Women Men Both Sexes

MR %Diff Comp
to Sweden

MR %Diff Comp
to Sweden

MR %Diff Comp
to Sweden

China, 22 provinces 0.793 5.4 0.753 3.9 0.782 5.1
Sweden, 1970s 0.753 0.0 0.725 0.0 0.744 0.0
Japan, 1970s 0.728 −3.3 0.689 −5.0 0.717 −3.6
England & Wales, 1970s 0.780 3.6 0.711 −1.9 0.768 3.3
Australia, 1970s 0.777 3.2 0.756 4.3 0.771 3.7
Canada, 1960s 0.789 4.8 0.783 8.0 0.786 5.7
USA, 1960s 0.823 9.3 0.809 11.6 0.818 10.0
Chile, 1980–90 0.860 14.2 0.849 17.1 0.857 15.2

The age-specific number of centenarians for 22 provinces in China in 2000 is estimated based on
the age-specific percentage distribution in the CLHLS in 1998 and the total number of centenari-
ans from the 2000 census (the 2000 census publication does not include age-specific numbers of
centenarians).

country had a female life expectancy at age 65 which was close to that in China
in 2000. We then calculated single-age-sex-specific and average odds for the ratio
of each country compared to that of Sweden in the 1970s, considering the Swedish
age distribution as perfect, that is, without any age heaping. The results shown in
Table 4.2 indicate that the quality of age reporting at the oldest-old ages in terms
of age heaping measured by the ratio index proposed by Coale and Li for the 22
provinces of China is not as good as that in Sweden, Japan, England and Wales, and
Australia, but it is similar to that in Canada, it is better than that in the USA, and it is
much better than that in Chile. So, we conclude that there is little age heaping among
the oldest-old in the 22 provinces in China where the CLHLS was conducted.

4.3 Age Distribution and Age Ratios Among Centenarians

Age exaggeration may still exist even if there is no age-heaping because it is possible
that people at very high ages may systematically tend to over-report their ages. It is,
therefore, worthwhile to explore the quality of age reporting among the centenarians
in the CLHLS in comparison with Sweden, Japan, England and Wales, Australia,
Canada, USA, and Chile, using the single-year-age-specific percentage distributions
of centenarians. We tried to interview all centenarians in the sampled cities and coun-
ties of the 22 CLHLS provinces. The age distribution of the interviewed centenarians
in our survey should be thereforecompatiblewith thenationalagedistribution in the22
provinces in China if there are no substantial age exaggerations in the CLHLS survey.
Note that we purposely tried to have approximately equal numbers of male and female
octogenarians and nonagenarians at each age from 80 to 99, who resided nearby the
centenarians, and their age and sex were pre-designed based on the centenarians’ code
numbers which are randomly assigned. Thus, it makes no sense to compare the age
distributions of octogenarians and nonagenarians interviewed in our survey to that of
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other countries. Rather, it is sufficient to compare the age distribution of the Chinese
centenarians to that of centenarians in other countries for assessing the quality of age
reporting of the oldest-old in our survey. There is no reason to suspect substantive age
exaggerations among elders below the age of 100, if the age reporting of centenarians
is acceptably good. This is because age exaggeration is much more likely among
centenarians than among elders who are younger than age 100 and who live in the
same area and share the same cultural traditions.

Single-year age-specific death rates are around (or higher than) 0.4 at ages 100
and over. Such extremely high mortality rates have dominated the shape of the age
distribution of centenarians, which means that the effects of differentials in cohort
size are minor. Therefore, the age distributions of centenarians of the European and
Japanese populations, which have the highest data quality, look very much alike.
Figure 4.1 is a comparison of the percentage age distributions of centenarians among
Sweden, Japan, the USA, Chile and the CLHLS (including the Han and minorities
in the 22 provinces). Table 4.3 presents detailed numerical results for the Sweden,
Japan, England and Wales, Australia, Canada, the USA, Chile and the CLHLS. The
comparisons shown in Fig. 4.1 clearly demonstrate that the age reporting among the
Chinese centenarians in the 22 provinces is relatively close to, but not quite as good
as, that in Sweden and Japan, but better than that in the USA (especially for males),
and much better than that in Chile. Additional data in Table 4.3 show that the age
reporting of the male centenarians in the CLHLS is relatively close to, but not as
good as, that in England and Wales, more or less the same as that in Australia, and
slightly better than that in Canada; the age reporting of the female centenarians in
the CLHLS is not as good as that in England and Wales, and somewhat worse than
that in Australia and Canada.

Fig. 4.1 A comparison of the age distributions of centenarians among Sweden, Japan, USA, Chile
and CLHLS (including Han and minorities in the 22 CLHLS provinces)
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Table 4.3 Comparison of percentage age distribution of centenarians, between CLHLS and
selected countries
Female e65 CLHLS CLHLS(Han) Sweden Japan England &

Wales
Australia Canada USA Chile

1998 1998 1970s 1970s 1970s 1970s 1960s 1960s 1980s

17.2 NA 17.4 16.6 16.4 16.9 16.7 16.7 17.6

Men
100 41.9 42.7 50.8 46.4 50.3 41.0 37.9 33.8 23.3
101 25.4 25.2 25.8 23.9 26.0 24.7 24.1 21.7 15.9
102 14.0 13.9 11.9 13.8 12.9 15.5 15.2 14.3 11.4
103 6.7 6.6 6.2 8.2 6.4 9.5 9.1 9.8 9.4
104 4.8 4.6 3.3 3.8 2.7 5.0 5.6 6.8 9.4
105 3.1 3.1 1.5 1.6 1.0 2.2 3.6 4.7 10.2
106 2.5 2.4 0.4 1.2 0.4 1.1 2.1 3.3 7.1
107 0.4 0.4 0.2 0.7 0.1 0.7 1.3 2.4 5.4
108 0.4 0.2 0.0 0.2 0.1 0.3 0.8 1.8 4.3
109 0.6 0.7 0.0 0.2 0.0 0.1 0.4 1.4 3.6

Women
100 37.2 37.7 46.0 47.3 44.5 43.4 42.8 35.4 30.4
101 24.3 24.3 26.5 25.9 25.7 25.7 25.6 22.8 20.6
102 14.8 14.8 14.1 13.3 14.4 14.8 14.6 14.7 13.7
103 9.5 9.5 7.4 6.8 7.9 8.0 7.9 9.5 9.8
104 5.3 5.0 3.2 3.5 4.1 4.0 4.2 6.3 7.9
105 3.0 3.0 1.6 1.7 2.0 2.1 2.5 4.1 6.8
106 2.2 2.1 0.7 0.8 0.9 1.0 1.4 2.8 4.4
107 1.9 1.9 0.3 0.4 0.4 0.5 0.6 2.0 3.0
108 1.0 1.0 0.1 0.2 0.2 0.3 0.3 1.4 2.1
109 0.8 0.8 0.1 0.0 0.1 0.2 0.1 1.1 1.4

Similar to the percentage age distribution of centenarians but with a stronger
assumption of ignoring the cohort size effect, the age ratio of centenarians is defined
as the number of persons at each age over the age of 100 divided by the number of
persons at age 100 (see Chap. 5 in this volume). The results listed in Table 4.4
show that, if we consider Sweden as the best standard, the age reporting among
centenarians measured by the age ratios of male centenarians in the CLHLS is not
as good as that in Japan and England and Wales, more or less the same as that in
Australia, slightly better than that in Canada, better than that in the USA, and much
better than that in Chile; the age ratios of female centenarians in the CLHLS are not
as good as those in Japan, England and Wales, and Australia, somewhat worse than
that in Canada, better than that in the USA, and much better than that in Chile.

4.4 Density of the Oldest-Old and Centenarians

Another way of addressing the issue of age reporting among the oldest-old is to
imagine that if the age exaggeration at very old ages is significant in a popula-
tion, the reported proportion of the oldest-old persons among all elders and the total
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population would be relatively large, compared with other populations with accurate
age reporting. As shown by Coale and Kisker (1986), the proportions of those aged
95 or over among all elders aged 70 or over in the 23 countries studies by them
with good data quality were all less than six per thousand. This proportion in the 28
countries with poor data because of age exaggeration by old persons extends from
one percent to 10 percent (Coale and Kisker 1986: 398). The proportions of male
and female Han Chinese aged 95 or over among those aged 70 or over in 1990 in
all of China are 0.76 per thousand and 2.18 per thousand, proportions that are rather
close to those of their Swedish counterparts (Wang et al. 1998).

Coale and Kisker (1986: 389–390) plotted values of e70 (life expectation at
age 70) against values of l70/l5 (the conditional survival probability from age 5
to age 70), for the female populations in countries or regions with good data6. A
very close relation between the e70 and l70/l5 values among countries or regions with
good data is evidenced by a third-degree polynomial curve fitted by least squares
(fig. 1 in Coale and Kisker 1986: 389). The plotting of the e70 against l70/l5 values
for the female populations in countries with poor data7 all lie far above the polyno-
mial curve fitted to the data from the countries with good data (fig. 2 in Coale and
Kisker (1986: 390). Wang et al. (1998) computed the ratio of the e70 against l70/l5
values for the Han Chinese female population in 1990. The Han Chinese ratio is
almost exactly on the third-degree polynomial curve fitted to the data of populations
with good age reporting.

Table 4.5 presents census data on the number of centenarians per million pop-
ulation, per million elderly aged 65 and above, and per million oldest-old aged 90
and above in the 22 provinces and other selected countries/periods with more or less
the same female life expectancy at age 65 as in the 22 CLHLS provinces in China.
There were 13.8, 191, 17,056 centenarians per one million population, per one mil-
lion elderly aged 65+ and per one million oldest-old aged 90+ in the 22 provinces
(including both Han and minorities) in China in 2000, as compared to 22.9, 155,
9,618 in Sweden in 1970–79, and 30.6, 218, and 12,360 in England and Wales in
the 1970s, respectively. The census data in Table 4.5 demonstrate that the density
of centenarians, which can be considered as one kind of quality of age reporting
indicator, in the 22 provinces in China is not as good as that in Sweden and Japan,
but is relatively close to England and Wales and Australia, more or less the same
as that in Canada, better than that in the USA, and much better than that in Chile.
However, the density of centenarians among the six minorities combined in the 22
provinces is substantially higher (worse) than that in Sweden, Japan, England and
Wales, Australia and Canada, and moderately higher (worse) than that in the USA,
but lower (better) than that in Chile.

6 Countriesor regionswithgooddata includeSweden, Austria, Belgium, Czechoslovakia, Denmark,
England, Finland, France, Germany, Hungary, Ireland, Italy, Japan, Luxembourg, Netherlands,
Norway, New Zealand, Scotland, Switzerland and Taiwan, as indicated by Coale and Kisker (1986).
7 The countries with poor data include Bolivia, Costa Rica, El Salvador, Guatemala, Honduras,
Malaysia, Mexico, Panama, Peru, Philippines, Sri Lanka and Thailand, as indicated by Coale and
Kisker (1986).
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Table 4.5 Comparison of density of centenarians among selected ethnicities and countries

Female e65 Centenarians per million
population among

Age 65 Age 0+ 65+ 90+

All Han Chinese in whole China 17.3 12.7 175 16,124
22 Provinces (Han & minorities) 17.2 13.5 184 16,441
Six minorities in the 22 provinces 18.4 33.7 524 32,672
Sweden, 1970–79 17.4 22.9 155 9,618
Japan, 1970–79 16.6 5.2 67 7,538
England & Wales, 1970–79 16.4 30.6 218 12,360
Australia, 1970–79 16.9 15.4 214 13,476
Canada, 1960–69 16.7 20.0 258 15,601
USA, 1960–1969 16.4 32.1 337 21,189
Chile, 1980–1990 17.6 34.9 662 33,464

The Chinese data are from the 2000 Census publications released by National Bureau of Statistics
of China (2003a, b). The Chinese Female life expectancies at age 65 are estimated from published
data by NBSC (2003a, b), adjusted for mortality rate underreporting at ages 94 and over.

The analysis presented above and in other studies including those by Coale and
Li (1991), Wang et al. (1998) and Zeng et al. (2001) show that age reporting among
the Han Chinese elderly, which is the population that constitutes the majority (about
92 percent) in China, is acceptably good. However, Coale and Li (1991) found
that age reporting among some ethnic minorities, especially the Uyghur ethnicity
in the Xinjiang autonomous region, was seriously biased with age exaggeration,
leading to abnormal age patterns of mortality at old ages for China as a whole;
once the Xingjiang data were excluded, the Chinese age pattern of mortality at old
ages became normal as compared to other countries with accurate age reporting. We
know of only one published study on age misreporting of China’s ethnic minorities
(Poston and Luo, 2004). Using Whipple’s and Myers methods of evaluating the
presence of age misreporting, it showed little evidence of age heaping among most
of China’s minorities in 2000. The Uyghur nationality was the major exception,
showing a preference for digits 0 and 5, and an avoidance of digits 1, 3 and 9.
Among most of the other minority groups, and among the Han, there was little if
any evidence of age misreporting.

The summary indices in Table 4.5 show that the number of centenarians per
million persons of all ages, per million elderly aged 65+, and per million oldest-old
aged 90+ among the six minority groups in the 22 provinces, is much higher than
that in Han Chinese and other populations with accurate age reporting (Sweden,
Japan, England and Wales, Australia, and Canada), higher than that in the US, and
somewhat lower than that in Chile. This fact leads us to seriously suspect that the
oldest-old, especially centenarians, of the six minority groups in the CLHLS might
well be exaggerating their ages.

On the other hand, we also suspect that the higher density of the centenar-
ians among the six minority groups in the 22 CLHLS provinces may be par-
tially due to differential mortality and natural environmental selection among these
heterogeneous populations. Very old people of many of the ethnic minorities (except
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for Koreans8) in the 22 provinces have suffered poor living conditions and have had
inadequate medical care in the past decades, and were more likely to be living in
remote mountainous areas where the natural environment was more likely to have
been well protected. Their misery in the past has been much worse than that of their
counterpart cohorts among the Han Chinese, and among their counterpart cohorts in
Sweden, Japan, England and Wales, Australia, Canada, and the USA, which could
result in a mortality selection where minority persons who survived to very old ages
were more robust in genetic and other biological characteristics, while those who
were frail died before reaching old age. It is well known that much higher mortal-
ity rates at young ages in disadvantaged populations can produce relatively more
robust old people as compared to those from advantaged populations (e.g. Coale
and Kisker 1986; Horiuchi and Wilmoth 1998). Thus, the mortality rates among the
minority oldest-old in the CLHLS might be lower because there are more robust
survivors among them. The possible past mortality selection plus better natural en-
vironmental conditions in the minority areas in the 22 provinces might partially
contribute to the higher density of centenarians among the six minority groups.
It is, however, also highly possible that some minority oldest-old in the CLHLS
survey areas indeed exaggerated their ages, which is our educated best guess. But,
unfortunately, we do not have adequate data to quantitatively decompose the im-
pacts of possible factors of age exaggerations, past mortality selection, and better
natural environmental conditions on the higher density of centenarians among the
six minority groups in the CLHLS areas.

4.5 Impacts of Possible Age Exaggerations Among
the Six Minority Groups on the Analyses Using
the CLHLS Data

Given the likelihood of age exaggeration among the six minority groups in the
CLHLS data set and our inability to quantify the degree thereof, CLHLS data
users may reasonably ask the following question: what will be the effects of the
minority populations in the CLHLS dataset on statistical analysis, assuming that
the impacts of past mortality selection and better natural environmental conditions
are all negligible and that the higher density of centenarians among minorities is
solely or largely caused by age exaggeration9? To address this important question,
we conducted several additional analyses on the “association of late childbearing

8 Koreans in China have an even higher socioeconomic status than Han Chinese and their age
reporting could be as good as that of the Han, but again, we have no detailed data with which this
can be verified.
9 We appreciate very much that Booth and Zhao (Chapter 5 in this volume) thoughtfully raised
this important question, which helped us to conduct careful comparative assessments to address
the issue.
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with health and healthy survival at the oldest-old ages,” following exactly the same
methodology, statistical modeling procedures and using the same dependent and
independent variables as those used in Zeng and Vaupel (2004); however, in these
new analyses we relied only on the CLHLS Han data, excluding the data for the
ethnic minorities. We then compared the results of these additional analyses with
the results of the original analyses in Zeng and Vaupel (2004), where they used the
entire CLHLS data set including both the Han and minority data.

We listed the additional and the original estimates in parallel positions with ad-
ditional estimates in parentheses in Tables 4.6, 4.7, 4.8, and 4.910. It is clear that the
two sets of parameter estimates including and excluding the six minority groups in
the 22 Han-dominated provinces are fairly close to each other, indicating that the
same qualitative conclusions concerning the association of late childbearing with
health and healthy survival at oldest-old ages in China can be drawn based on the
two sets of estimates. We also note that 66.7 percent, 28.7 percent, and 4.6 percent
of the total number (216) of the estimates of the odds ratios and relative risks in the
additional analysis excluding minorities indicate a slightly weaker, the same, and
slightly stronger positive association of late childbearing with health and healthy
survival at the oldest-old ages, respectively, compared to the original estimates in-
cluding minorities.

The total number of estimates of the odds ratios and relative risks which are sta-
tistically significant in the additional analyses excluding the minority data is reduced
by 13.5 percent (perhaps at least partially due to the 5.5–6.8 percent reduction of the
sample size), but the direction and conclusion of the association of late childbearing
with health and healthy survival at the oldest-old ages remains unchanged, compared
to the analyses using both Han and minority data. This fact leads us to believe that
the inclusion of the six minority groups in the CLHLS may not cause substantive
bias in demographic and multivariate statistical analyses. This is mainly because the
minority groups consist of a rather small portion of the samples: 6.8 percent of the
total sample in the baseline survey and 5.5 percent of the grand total sample of the
1998, 2000, and 2002 waves combined11.

Gu and Dupre (Chap. 6 in this volume) also show that possible age exaggeration
among minority oldest-old in the CLHLS does not significantly affect the outcome
for estimates of indicators such as ADL, MMSE, self-reported health, as well as the

10 In Tables 4.6–4.9, the estimates which are not in the parenthesis are based on the whole
CLHLS data set including both Han and the six minority groups cited from Zeng and Vaupel
(2004); Estimates in the parenthesis are based on CLHLS data set excluding the six minority
groups.
11 In each follow-up wave of the CLHLS, the interviewees who died or were lost to follow-up were
replaced by new interviewees with the same gender and age as those died or were lost to follow-
up. We matched the gender and age only; there was no ethnicity requirement in the replacement
process. The Han are the large majority in survey areas. Thus, it is usually much easier to find
a replacement who is Han with the required gender and age, which is why new interviewees are
more likely to be Han. This explains why the percent of minority groups in the CLHLS in later
waves was somewhat lower than at baseline.
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estimates of other covariates in multivariate statistical models using either cross-
sectional or longitudinal CLHLS data.

4.6 Concluding Remarks

This chapter has evaluated patterns of age reporting among the oldest-old, especially
centenarians, in the Chinese Longitudinal Healthy Longevity Survey (CLHLS)
based on comparisons of the various indices of elderly age reporting and age distri-
butions of centenarians among the countries of Sweden, Japan, England and Wales,
Australia, Canada, China, the USA, and Chile. The analyses demonstrate that age
reporting among the oldest-old interviewees (Han and the six minority groups com-
bined) in the 22 CLHLS provinces is not as good as that in Sweden, Japan, and
England and Wales, but is relatively close to that in Australia, more or less the same
as that in Canada, better than that in the USA, and much better than that in Chile.
As indicated by the high density of centenarians, however, age exaggeration does
exist in the six ethnic minority groups, although we cannot rule out and quantify
the potential impacts of past mortality selection plus better natural environmental
conditions among these minority groups. Comparative analysis between including
and excluding the six minority groupies suggest that age exaggeration of minorities
in the CLHLS does not likely cause substantial biases in demographic and statistical
analyses using the CLHLS data, since, as noted above, minorities comprise a rather
small portion of the sample12. Of course, we must keep in mind that the minority
groups in the CLHLS study areas might exaggerate their ages and some Han Chinese

Table 4.6 Effects (odds ratios) of late childbearing on health status of the oldest-old in China,
based on multivariate logistic regression applied to data collected at 1998 baseline survey, ad-
justed for covariates of demographic characteristics, family support, social connections, and health
practice

Focused covariates (cat-
egory in parentheses is
the reference group)

ADL disabled MMSE impaired Self-reported
bad health

Depression
symptoms

Women(0 birth after age 35)
1 birth after age 35 0.890 (0.940) 0.949 (0.966) 0.923 (0.971) 0.854 (0.788∗)
2 births after age 35 0.939 (0.984) 0.835# (0.836) 0.906 (0.960) 0.827 (0.763#)
3+ births after age 35 0.765∗ (0.857) 0.772∗ (0.768∗) 1.031 (1.074) 0.626∗∗ (0.580∗∗)

Men (0 birth after age 35)
1 birth after age 35 0.954 (1.017) 1.111 (1.003) 1.002 (1.021) 0.846 (1.141)
2 births after age 35 0.879 (1.025) 0.937 (1.010) 0.858 (0.980) 0.757 (1.002)
3+ births after age 35 0.880 (0.977) 0.791 (0.873) 0.939 (0.981) 0.711 (0.805)

Differences between results including and excluding minorities for births after age 40 are minor,
too. They are not listed in Tables 4.6–4.9, due to space limit but available upon request.
# p < 0.10; ∗ p < 0.05; ∗∗ p < 0.01; ∗∗∗ p < 0.001.

12 It may be worthwhile to note that it is necessary to include the six minority groups in the CLHLS
surveys to ensure adequate representation of minority groups in the study areas. US studies have a
similar requirement.
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oldest-old might also exaggerate (to a lesser extent) their ages. We thus need to
exercise caution in our analyses and interpretations of findings.
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Chapter 5
Age Reporting in the CLHLS: A Re-assessment

Heather Booth and Zhongwei Zhao

Abstract Age reporting among respondents in the Chinese Longitudinal Healthy
Longevity Survey is examined, using the first round of data collected in 1998. The
sample design limits the use of traditional methods for assessing the accuracy of
age reporting, and innovative methods are adopted. Only the sample aged 100+ is
representative of the population at that age. The age structure of centenarians is
compared with populations with good age reporting, demonstrating age exagger-
ation. At ages 80+, constructed estimates of age at childbearing show systematic
effects consistent with age exaggeration, particularly in Guangxi and among ethnic
minorities. Increasing age exaggeration with age is present in these data, which is
at least partly the result of the age structure. These findings have implications for
substantive analyses, and further examination of the quality of these data is needed.

Keywords Age exaggeration, Age heaping, Age misreporting, Age reporting, Age
validation, Centenarian, China, Cluster sample, Data quality, Digit preference,
England and Wales, Ethnic minorities, Guangxi, Han majority, Inaccuracy, Japan,
Jiangsu, Large sample size, Longevity, Mean age at childbearing, Myers’ Index,
Non-response, Oldest-old, One Per Thousand Fertility Survey, Proportion of
centenarians, Re-assessment, Regional variation, Sample design, Shanghai,
Sweden, Whipple’s Index, Yao, Zhuang

5.1 Introduction

The accuracy of age reporting is an important consideration for any demographic
analysis, mainly because the existence of age misreporting often produces distorted
results. Inaccuracies in age reporting are potentially a significant problem for studies
of ageing and longevity on two counts. First, experience in many populations has

H. Booth
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shown that older people tend to misreport or exaggerate their age; and while the most
serious problems occur in populations where literacy is low, more educated popu-
lations are not entirely free from such errors (Coale and Kisker 1986; Jeune 1995;
Rosenwaike and Stone 2003). Second, the effect of misreporting at very old ages is
often magnified by the shape of the age distribution.

The quality of age reporting among the majority Han population of China is gen-
erally good and is believed to be on a par with age reporting in many developed
countries (Coale and Li 1991; Gu and Zeng 2004). This has been attributed to cul-
tural factors (Wang et al. 1998). Among some ethnic minorities in China, however,
age reporting at older ages has been found to be of poor quality largely because of
age exaggeration (Coale and Li 1991). It is for this reason that nine provinces with
sizeable minority populations were excluded from the Chinese Longitudinal Healthy
Longevity Survey (CLHLS) (see Chap. 2 in this volume). The survey population is
thus mostly of Han ethnicity, but 7 percent belong to minority ethnicities. This fact
alone leaves open the possibility of some degree of age misreporting in the CLHLS
data, and it is important to examine the quality of age reporting in the whole dataset.

The CLHLS is a rich source of data with a sufficiently large sample size to
provide the statistical power necessary to undertake detailed analyses. The data
have already been used to address many research questions regarding ageing and
longevity, and the papers of this volume further augment this body of research. For
such analyses, the quality of age reporting is of the utmost importance. Most forms
of age misreporting, and in particular age exaggeration, will tend to lead to an older
age distribution and the overestimation of longevity.

The purpose of this chapter is to undertake an objective examination of the
quality of age reporting in the CLHLS. We first examine the evidence previously
presented by others, and then re-assess the data more comprehensively using inno-
vative methods and addressing reporting inaccuracies that have not previously been
considered. We undertake this re-assessment in the spirit of Coale and Li (1991:
300) who stressed that all data “must be scrutinized critically, even when there are
reasons to suppose that the data are accurate. Accuracy of most of the data does not
mean that all of the data are accurate; as William Brass said, all data are guilty until
proved innocent.”

5.2 The CLHLS Data

Details of the CLHLS study design may be found in Chap. 2 of this volume. Only
the 1998 (first wave) data are used for this study of the quality of age reporting.

5.2.1 Sample Design

The sample design is a cluster sample. For the first wave, approximately 50 percent
of all counties and cities in 22 provinces were randomly selected. Among these
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selected clusters, 631 had centenarians, all of whom were included. For sampling
purposes, the ages of the centenarians were obtained from the local ageing com-
mittees. These ages may have included some inaccuracies, particularly if based on
the nominal age1 of the person, and ages (in fact, dates of birth) were validated
during the interview. Age validation resulted in a loss of 409 so-called centenarians
to younger age groups, and the final number of validated centenarian respondents in
the sample was 2,418.

For each centenarian, purposive sampling was used to randomly select one oc-
togenarian and one nonagenarian from the population living nearby in such a way
as to achieve approximately equal numbers of males and females at each single
year of age. Thus weights are necessary in all analyses involving octogenarians and
nonagenarians; these take account of (validated) age, sex and rural–urban residence
(Zeng et al. 2001). After age validation, there were 3,528 octogenarian and 3,013
nonagenarian respondents in the survey.

Not all originally sampled individuals were interviewed. The 9,093 respondents2

in 1998 represent a response rate of 88 percent. Non-responses were due to unavail-
ability (too ill, deceased, or migrated) or refusal to participate. If those unavailable
for interview are excluded, the response rate is 98 percent.

5.2.2 Reporting of Age

For all questions, every effort was taken to ensure the accuracy of responses:
interviewers were extensively trained, and all training was standardized nationally.
Detailed error checks and quality control mechanisms were incorporated into the
interview procedure (Research Group of Healthy Longevity in China (RGHLC)
2000: 1–25; Xu 2001; Gu and Zeng 2004). In particular, respondent’s age was
subject to careful validation. The survey did not ask for age directly, but based this
variable on date of birth. All reported dates of birth of respondents were validated
by interviewers by reference to their household booklet and ID card,3 Chinese cal-
endar birth date and animal year, genealogical records if available, children’s ages,
siblings’ ages, and so on (see Zeng and Gu, Chap. 4 of this volume for more detail).

5.2.3 Limitations for the Examination of Age Reporting

Conventional methods for the examination of the accuracy of age reporting rely
heavily on the demographic stability of the true age distribution, often for the entire

1 The nominal age is counted as exactly 1 year old at birth, increasing by 1 year each Chinese New
Year Day. It is therefore up to 2 years greater than chronological age counted from zero at birth.
2 This includes 134 sampled respondents whose validated age was <80.
3 Household registration and ID cards were introduced between 1950 and 1990 and are largely
based on self-reported age; they might thus be subject to age misreporting.
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age range. The use of such methods for CLHLS data is severely limited by the
fact that the age and sex distribution of the sample population is to a significant
degree an artifact of the sample design. Only the sample population aged 100+ is
proportionally representative by age of the Chinese population, that is, of the demo-
graphic processes shaping its structure. Thus, use of the age structure to examine
age reporting is necessarily restricted to centenarians. Further, the examination is
limited by the relatively small numbers at this age (481 males and 1,937 females)
and by the restricted availability of valid and reliable distributions for comparison.

The sample design also compromises the applicability of digit preference detec-
tion methods including those by Coale and Li (1991) and Wang et al. (1998). The
purposive selection of 80- to 99-year-old respondents was related to age because
equal numbers of male and female octogenarians and nonagenarians at each single
year of age were sought. Thus, neither randomness nor representativeness can be
assumed at these ages, violating the basis of digit preference measures. It is also
important to note that methods for the measurement of digit preference are unable
to detect systematic reporting errors such as age exaggeration, which is the most
likely and potentially the most serious source of error for studies of longevity.

Other sampling and related issues must also be taken into account when assessing
data accuracy because of possible age-related bias. This is particularly important for
centenarians because of the very high mortality rates at these ages. Non-responses
may have introduced a bias toward a slightly younger age distribution,4 equivalent
to age under-reporting; however, this effect would enhance rather than detract from
the findings reported here.

5.3 Previous Assessment of Accuracy of CLHLS
Respondent’s Age

The 1998 CLHLS data have previously been examined in relation to the accu-
racy of the reporting of respondent’s age and judged to be “generally reliable”
(RGHLC 2000: 6–17; Zeng et al. 2001). The main focus of this examination was
a sex-specific comparison of the age distribution of CLHLS centenarians with
Swedish centenarians in 1984–1993 (see Fig. 5.1). The differences observed were
not considered sufficiently large to bring into question the quality of age reporting
among younger centenarians (aged 100–105). However, it was concluded that at
ages 106+, the quality of age reporting is questionable (RGHLC 2000: 6–17). Per-
sons aged 106+ have been excluded from most existing analyses: they number 154
(1.7 percent of those aged 80+) comprising 131 females (2.4 percent) and 23 males
(0.6 percent).

4 This would occur if unavailability for interview increased with age, which seems likely for un-
availability due to ill health and migration out of the study area to a relative’s residence or an
institution.
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Fig. 5.1 Age distribution of centenarians, 1999 CLHLS and Sweden 1984–1993 (Reproduced with
kind permission)

The choice of Sweden as a comparison population is well justified by its accuracy
of age reporting, believed to be the best in the world. For centenarians, very high
mortality rates dominate the shape of the age distribution, and cohort size effects
are relatively small.5 It would be expected that Chinese mortality rates would be
no lower than the Swedish rates, and therefore that CLHLS centenarians would
exhibit an age distribution as young as or younger than their Swedish counterparts.
However, this is contra-indicated by the smaller CLHLS percentages aged 100 in
Fig. 5.1, and the corresponding larger percentages aged 101+. Age misreporting in
the CLHLS data is a probable explanation, and further examination is needed.

Other evidence, presented by Gu and Zeng (2004), in support of the reliability
of age reporting in the CLHLS, consists of the similarity of the mortality pattern
for Sweden in 1999 to the patterns derived from deaths among CLHLS respondents
in 1998–2000 and 2000–2002. In fact, careful comparison of these data shows that
mortality levels in the two populations are similar at ages less than 90, but at 90+
mortality is substantially higher in the CLHLS. This implies that the age distribution
of centenarians will be younger for the CLHLS than for Sweden, which is again
contrary to the smaller CLHLS percentages aged 100 in Fig. 5.1. Again, further
examination is needed.

5 These effects can be expected to be stable by age, and therefore not significantly influence the
centenarian age distribution. In the 1890s (when these respondents were born) fertility rates were
fairly stable and the age distribution of reproductive women was not subject to significant variation.
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Additional supporting evidence cited by Zeng et al. (2001) and Gu and Zeng
(2004) is the fact that age reporting in China’s 1982 and 1990 Censuses was found
to be reliable on the basis of Whipple’s and Myers’ indices of digit preference. How-
ever, these indices are based on all or most ages, so that accurate reporting at young
ages would mask any misreporting at the oldest ages; hence no conclusions can
be drawn from these indices about the oldest ages. Further, these indices measure
digit preference, and do not address systematic biases such as age exaggeration or
digit-neutral age misreporting.

An examination of age reporting in the 1982 Census by Coale and Li (1991) has
been cited (Wang et al. 1998; Gu and Zeng 2004) as evidence of good age reporting
in China with the exception of Xinjiang province6. However, the Coale and Li study
concentrates on male mortality patterns at ages less than 100, and is thus unable
to illuminate the evaluation of age reporting among centenarians or among females.
Further, its reliance on the comparison of mortality patterns may not provide entirely
solid evidence; this is due to the facts that age exaggeration produces underestimated
mortality rates, and that an association between age exaggeration and relatively high
mortality is likely to hinder the detection of age exaggeration. Similarly, if a propor-
tion of the population reports their nominal age, the mortality curve will show no
irregularity.

None of the above previously cited evidence is sufficiently convincing to establish
without qualification the good quality of age reporting in the CLHLS. Indeed, some of
the evidence would appear to indicate the presence of age misreporting, rather than its
absence. The accuracy of age reporting thus remains open to question. It is therefore
important to undertake further assessment of age reporting in the CLHLS.

5.4 A Re-assessment

This re-assessment of the accuracy of respondent’s age in the CLHLS data adopts two
approaches. The first focuses on centenarians, comparing the CLHLS with selected
comparable populations. The second examines age reporting for the whole sample
using unconventional methods that make use of age differences between respondents
and their children. For both approaches, regional variation is also examined.

5.4.1 Age Reporting Among Centenarians

This examination of the accuracy of age reporting among reported centenarians
involves a comparison with three populations: Sweden 1943–1952, England and
Wales 1950–1955, and Japan 1962–1966. These countries were selected because

6 Inaccurate age reporting among the Wei (or Weiwuer or Uyghur) ethnic minority was found
responsible; the evidence included digit preference at ages 40–80 and age exaggeration at 110+.
No evidence was provided to show that other provinces or ethnic minorities do not also exhibit age
reporting inaccuracies.
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of their known accuracy of age reporting (Kannisto 1994), and the specific periods
were chosen to match on average China’s 1998 life expectancy at birth of about 70
years and to provide sufficient numbers to reduce random fluctuation to an accept-
able level. These populations span the age structure of the 22 provinces of China
covered in the CLHLS, referred to here as China-22, as reported in the 2000 census.
For China-22, the proportion aged 65+ is 7 percent; this is compared with 10, 11 and
6 percent for Sweden, England and Wales and Japan respectively. The proportion
aged 90+ in China-22 is 8 per 10,000, compared with 11, 10 and 4 per 10,000 for
Sweden, England and Wales and Japan respectively. The study population, that is
the 22 provinces of China, is thus within the comparable population range.

The first question considered is: how many centenarians do we expect to find in a
population? The exact number depends on both longevity and the overall population
structure, but broadly similar numbers of centenarians per million are expected in
populations with similar life expectancies at birth and similar structures. Given similar
life expectancies and the above proportions aged 65+ and 90+ in the selected popu-
lations, it would be expected that China-22 in 2000 would have fewer centenarians
per million than Sweden and England and Wales, but more than Japan in the selected
years. Table 5.1, which shows the number of centenarians per million in these four
populations, suggests that China-22 has relatively more centenarians than all three
comparison populations: twice as many as Sweden and England and Wales, and seven
times as many as Japan. Similarly, differentials of between 2 and 7 are found for the
centenarian proportions among those aged 90+ and 65+ (Table 5.1). A likely expla-
nation for such large centenarian proportions is age exaggeration, including reporting
based on nominal age, among the very old in the Chinese census. The magnitude
of these proportions is such that age exaggeration in the census must exist not only
among the ethnic minority populations but also among the Han majority, as the size
of the ethnic minority populations is too small to produce the differentials found.

Table 5.1 also shows centenarian proportions estimated from the 1998 CLHLS
by using the 2000 Census to provide population data.7 The much lower CLHLS

Table 5.1 Centenarians in the 1998 CLHLS and selected comparable populations

Population Period Centenarians Centenarians Centenarians
per million per million per million
population aged 90+ aged 65+

Sweden 1943–1952 7 5,975 66
England & Wales 1950–1955 7 6,914 62
Japan 1962–1966 2 4,427 28
China (22 provinces) 2000 13.5 16,441 184
CLHLS 1998 4.5 5,475 62

Selected comparable populations cover periods when life expectancy averaged 70 years. CLHLS
proportions are based on population data from the 2000 Census and assume that the selected clus-
ters include half of the population of their respective provinces

7 These estimates are based on the assumption that the selected clusters cover half of the population
of their respective provinces.
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proportions than in the 2000 Census for China-22 can be attributed to the better
quality of age reporting in the CLHLS. The estimated CLHLS proportions fall
within the range of the three comparison populations. It should be noted, however,
that CLHLS centenarians per population aged 90+ and 65+ will be underestimated
to the extent that the 2000 Census overestimates the size of these two age groups
through age exaggeration. Further examination in greater detail is required.

A useful approach is to examine differences within the CLHLS data. Considerable
variation in centenarian proportions is found among the provinces. This variation
cannot be easily explained, except in terms of greater age exaggeration in certain
provinces. The highest proportion of centenarians in the population8 (14.9 per mil-
lion) is found in Shanghai where mortality rates have been relatively low for at
least 50 years and fertility began to decline earlier; this is not unexpected. However,
equally as high (14.9) is Guangxi, a relatively undeveloped province in the south
of China, where the centenarian proportion is expected to be comparatively low;
it is suspected that age exaggeration is responsible. The third highest centenarian
proportion is 9.8 in Jiangsu, which is one of the most developed provinces, located
close to Shanghai in the east of China; Guangxi would not be expected to exceed
this proportion. Age exaggeration and increasing age exaggeration with reported
age are expected to be particularly marked in Guangxi because of its worldwide
reputation for longevity. In contrast, age exaggeration is expected to be relatively
limited in Jiangsu and Shanghai because of their higher socio-economic develop-
ment for a longer period. These expectations are confirmed by the 1990 Census
which recorded 64 centenarians per million aged 65+ in Shanghai and 62 in Jiangsu,
while in Guangxi as many as 407 were recorded.

The age distribution of centenarians is also examined, using age ratios and the
three comparable populations. It was first verified that there was negligible heaping
on age 100 in the three comparable populations, as this would have resulted in age
ratios that are too low. The possibility of heaping on age 100 in the CLHLS data was
also considered. As digit preference measures could not be used, this was examined
by calculating age ratios using ages 101 and 102 as the base instead of age 100.
The results are generally consistent with those derived using 100 as the base (see
Appendix 1, Tables 5.4 and 5.5), indicating minimal age heaping. The age ratios
based on age 100, seen in Table 5.2, show that there are relatively more centenarians
at each age above 100 in the CLHLS than in the commensurate mortality regimes.
In other words, for each sex the CLHLS data exhibit an older centenarian age dis-
tribution than expected. Furthermore, the relative differentials between the CLHLS
ratios and those for each of the three comparable populations are shown to increase
with age. These ratios are consistent with increasing age exaggeration with reported
age. At ages 101–104, the relative differentials are mostly greater for females than
males, but at older ages they are more marked for males, as the ratio of ages 105+
to 100–104 also shows. Again, provincial comparisons show ratios for Guangxi to
be particularly high: ratios for both sexes are 474 at age 102, and 105 at age 105.

8 Again, these proportions are based on total population data from the 2000 Census and CLHLS
centenarians.
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Table 5.2 Age ratios for centenarians by sex, CLHLS and comparable populations

Age Male Female

Sweden E&W Japan CLHLS Sweden E&W Japan CLHLS
1943–1952 1950–1955 1962–1966 1998 1943–1952 1950–1955 1962–1966 1998

100 1, 000 1, 000 1, 000 1, 000 1, 000 1, 000 1, 000 1, 000
101 382 518 532 605 506 534 467 654
102 221 273 286 335 265 292 242 398
103 88 142 143 160 123 152 142 255
104 59 65 91 115 62 79 64 143
105 15 21 0 75 31 41 39 80
106 0 3 0 60 12 20 27 60
107 0 0 0 10 6 10 21 52
108 0 0 0 10 0 3 15 27
109 0 0 0 15 0 1 9 21
110+ 0 0 0 20 0 0 15 24
105+/
100–104 8.4 12.4 0.0 85.8 25.2 36.3 66.5 107.5

Age ratios are expressed as the number of respondents aged 101, 102, etc. per 1,000 respondents
aged 100. The ratio 105 +/100 −104 is also per 1,000

Thus far, it has been demonstrated that there are more centenarians than expected
in the CLHLS data, and that their age distribution is older than expected to an in-
creasing extent with age. Both findings are much more marked in Guangxi. It has
been suggested that the most likely explanation is increasing age exaggeration with
reported age.

5.4.2 Age Reporting at Ages 80+

The suggestion of age exaggeration among centenarians raises the possibility that
age misreporting also exists among younger respondents. As already noted, at ages
less than 100, sample design limitations necessitate the use of unconventional meth-
ods for the assessment of age reporting accuracy. The approach used here is to
examine the age difference between female respondents and their children, or the
age at which the mothers bore their children,9 by age of respondent. This approach
is based on two underlying assumptions (note that no assumptions are made about
reporting). The first assumption is that age at childbearing is constant across age:
as female respondents bore their children during 1905–1970, before fertility restric-
tions were introduced and when fertility patterns were stable, this assumption is
justified. The second assumption is that age at childbearing is unrelated to the sur-
vival of the mother. Accordingly, if the ages of mothers and their children were both
reported accurately, mean age at childbearing would be constant across age. If some
mothers over-reported their age, but their children’s ages were better reported, the

9 There was no direct question on age at childbearing. Male data were not examined; male report-
ing of offspring and their ages is usually of poorer quality than female reporting.
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mother–child age gap would be artificially widened. Further, if mother’s age exag-
geration were more pronounced at older reported ages, the age gap would increase
with age. If mothers accurately reported their own age, but under-reported their
children’s ages on average, a similarly widened age gap may appear.

The CLHLS obtained data on the ages of respondent’s children, whether alive
or dead. For deceased children, the age they would have been at the time of in-
terview (had they survived) was reported. Mother’s age at the birth of each child
was calculated as the difference between the female respondent’s age and the age
of the child. The mean age at childbearing was calculated for all births (by averag-
ing the average age for each individual mother), and for first and last births. These
measures are shown by age of respondent10 in Fig. 5.2. The trends so produced are
highly sensitive to age misreporting in respondent’s age, facilitating the detection
of reporting error. Because any age exaggeration in an individual respondent’s age
will produce an equally exaggerated age at childbearing (by virtue of the method of
calculation), a positive slope will result. The higher the proportion in any age group
with exaggerated age, the steeper the slope. Thus, under the two assumptions, the
trends in Fig. 5.2 are consistent with increasing proportions of respondents at age
90+ with exaggerated age.

It is also possible that an increasing age gap could be produced by increasing
under-reporting of children’s ages with respondent’s age. However, the uniformity
of the trends for different birth orders strongly suggests that they are influenced
by the exaggeration of respondent’s age, rather than by the under-reporting of
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Fig. 5.2 Estimated mean age at childbearing by age of respondent by birth order. See Appendix 2
Table 5.6 for standard errors associated with these estimates

10 As 94 percent of female respondents reported a least one child, conclusions drawn from these
data about age reporting can be generalized to all female respondents.
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children’s ages, because only respondent’s age is common to the calculation of all
three measures.

Further evidence of age exaggeration is found in the regional variation in mean
ages at childbearing. If age exaggeration is present, provinces with greater reported
proportions of centenarians, such as Guangxi, would be expected to have higher
estimated mean ages at childbearing. Table 5.3 is consistent with this expectation:
the mean age at childbearing in Guangxi is 2.3 years greater than in Jiangsu and 3.8
years greater than in Shanghai. Similarly, the mean age at first birth in Guangxi is
1.4 and 2.0 years greater than in Jiangsu and Shanghai respectively, and the mean
age at last birth is 2.6 and 4.8 years greater. That such differences are not genuine is
supported by the fact that all respondents bore their children before the introduction
of fertility restrictions when regional variation in fertility behavior was relatively
low. This has in fact been shown by data in the 1982 One Per Thousand Fertility
Survey, except for lower fertility in large cities such as Shanghai where fertility
decline began earlier than elsewhere.

Figure 5.3 shows mean ages at childbearing by age of respondent for these three
provinces and for the whole sample. The consistent patterns of increasing age at
childbearing for Guangxi and Jiangsu indicate increasing age exaggeration with
age, and the generally higher mean ages for Guangxi would appear to indicate a
greater extent of age exaggeration at all ages in this province (given similar expected
fertility behavior). For Shanghai, the patterns are neither consistent nor increasing,
and there is no observable age exaggeration.

Why is age exaggeration more serious in Guangxi? A possible contributing factor
is the high proportion of the Guangxi population who belong to the province’s eth-
nic minorities, as most minorities report age less accurately than the Han majority.
This possibility is examined in Fig. 5.3 with respect to two ethnic minorities, the
Zhuang and Yao. The Zhuang are China’s largest ethnic minority and comprise
approximately one third of the population of Guangxi; the Yao are much smaller
in number but reported a relatively large number of centenarians. Though minority
numbers are relatively small, especially for the Yao, the three mean age at child-
bearing patterns are fairly consistent indicating age misreporting effects. For both
minorities, mean ages at childbearing are generally higher than for Guangxi, sug-
gesting a greater degree of age exaggeration at all ages especially among the Yao.
Again, actual fertility behavior is not expected to differ appreciably between these
populations.

Table 5.3 Estimated female mean age at childbearing and first and last birth, CLHLS 1998

Province Number of Mean age at Mean age at Mean age at
respondents childbearing first birth last birth

Guangxi 708 31.46 (0.22) 24.53 (0.23) 38.11 (0.30)
Jiangsu 650 29.16 (0.20) 23.16 (0.19) 35.47 (0.28)
Shanghai 229 27.63 (0.32) 22.56 (0.31) 33.30 (0.50)
Total 4943 29.73 (0.08) 23.66 (0.08) 35.95 (0.11)

Based on respondents aged 80+. Standard errors in parentheses
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Comparison by province Comparison by ethnic group, Guangxi
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Fig. 5.3 Estimated mean age at childbearing by age of respondent by province and ethnic group.
See Appendix 2 Tables 5.6 and 5.7 for standard errors associated with these estimates
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5.5 Discussion

The examination in this chapter of the CLHLS centenarian age distribution appears
to provide evidence consistent with increasing age exaggeration. This is somewhat
different from the verdict of “generally reliable” at ages up to 105 (RGHLC 2000:
6–17). That verdict was based on a comparison of the CLHLS data with a single
population, Sweden 1984–1993. However, this population does not provide a valid
comparison: life expectancy is 77 years, the percentage aged 65+ is ten percent-
age points greater than for China-22 in 2000, and the proportion of centenarians in
the population is 63 per million (see Table 5.1). The comparison presented in this
chapter is with three populations that are considered comparable with the CLHLS
data: they have equivalent life expectancies and their age structures (as measured by
proportions aged 65+ and 90+) are similar to and span the Chinese age structure in
2000. The use of three populations broadens the comparison; and the inclusion of
Japan provides an example of a population that has undergone a more recent and
more rapid demographic transition, which is closer than the European populations
to China’s experience. Further, we base our analysis on age ratios because they are
a more sensitive indicator than the percentage distribution. For these reasons, we
consider our examination to be both more valid and more reliable than that presented
in RGHLC (2000) and Zeng et al. (2001).

While increasing age exaggeration may be apparent in reported age, this does
not necessarily indicate increasing age exaggeration when related to true age.
This is because of the effect of the (true) age distribution. At the oldest ages,
rapidly increasing mortality dominates the shape of the age distribution render-
ing cohort effects negligible and producing a concave distribution that tapers to
zero. With such a distribution a constant rate (at true age) of age exaggeration
will tend to have an increasingly large inflationary effect with age, giving an
older observed age distribution. Wang et al. (1998) used this effect to support
their argument that age reporting among the Han in the 1990 Census is generally
good despite questionable numbers at ages 105+. If age exaggeration is present
in the CLHLS data, the increasing differentials between the CLHLS age ratios in
Table 5.2 and those for the three comparable populations can at least in part be
attributed to this age distribution effect. However, this effect cannot exist without
age exaggeration.

Neither does the older age distribution necessarily indicate that the data are af-
fected only by age exaggeration. The concavity of the age distribution also means
that the same constant rate of age under-reporting will have a smaller deflationary
effect that decreases slightly with age. For equal under and over-reporting, the net
effect is increasing inflation, and the degree of misreporting imbalance determines
the degree of inflation (a modest imbalance toward under-reporting may also pro-
duce inflation). Thus the older centenarian age distribution in the CLHLS than in
comparable populations could in theory be due to statistically symmetrical age mis-
reporting (or slight net under-reporting). However, to produce the same effect on
the age distribution, the extent of such age misreporting would have to be much
greater than the extent of pure age exaggeration. Symmetrical but extensive age
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misreporting would have additional implications for the substantive analysis of these
data, particularly if the direction of age misreporting were associated with other
variables.

One irrefutable piece of evidence in support of age exaggeration is the fact that
age under-reporting cannot have occurred across the upper limit of the age dis-
tribution. Thus the inflated age ratios at the oldest ages can only be the result of
age exaggeration. It is highly likely that age exaggeration also extends to younger
centenarians. Indeed, the smooth decline in the CLHLS ratios in Table 5.2 gives
no indication of other patterns of age misreporting at younger ages. Thus, while
it is impossible to determine from these ratios the exact extent and balance of age
misreporting, it can be determined that age exaggeration is present, and that while
this is not necessarily increasing with true age, it increasingly affects reported age
at ages 101+.

The arguments related to the effect of the concavity of the (true) age distribution
are also relevant to the evidence based on the age gap between female respondents
and their children.11 Thus, in part at least, the increasing trends in Fig. 5.2 could be
produced by a constant rate of age exaggeration by true age. It might also be argued
that because under-reporting of respondent’s age will produce an under-estimated
age at childbearing, this will also appear as a positive slope in Fig. 5.2.12 However,
the increasing slope would imply increasingly improved reporting with increasing
age, to a theoretical limit of no under-reporting at the upper age limit, which is
not only unlikely but could not produce the larger effects at older ages because
of smaller numbers. (Again, any counterbalancing of misreporting would imply a
much higher overall level of misreporting.) Further, under-reporting would imply
higher (true) mean ages at childbearing; this issue is now addressed.

Comparison with directly reported ages at childbearing for the same cohort13 of
women in the 1982 One Per Thousand Fertility Survey shows that the CLHLS esti-
mate of the mean age at first birth is too high. This could be the result of respondent’s
age exaggeration or child’s age under-reporting or the omission of low-order births
at younger childbearing ages. The same comparison shows the CLHLS estimated
mean age at last birth to be too low, which could arise from respondent’s age under-
reporting or child’s age exaggeration or the omission of higher order births at older
childbearing ages. Clearly, if the reporting of respondent’s age is responsible, age at
first and last birth must exhibit a common direction of misreporting, which is not the
case. If the reporting of first and last children’s ages is responsible, the comparisons
imply that the estimated childbearing period has been compressed at both ends. This
is indistinguishable from the effect of omissions. Comparison with data in the 1982

11 The age distribution effect does not apply to children’s ages. Thus (increasing) under-reporting
of children’s ages is unlikely to explain the large increases in age at childbearing. The alternative
explanation of over-reporting of children’s ages to a decreasing degree with age is similarly flawed.
12 If mother’s and children’s ages were equally misreported, there would be no effect in Fig. 5.2
because age at childbearing would be correct.
13 The only cohort for which this comparison is possible is women aged 64–67 in the 1982 survey
and 80–83 in the CLHLS.



5 Age Reporting in the CLHLS: A Re-assessment 93

One Per Thousand Fertility Survey suggests that around one child per woman has
been omitted in the CLHLS. In addition, a high proportion of reported higher birth
order children have missing age, which has the same effect as omissions of births
per se. Thus omission is (at least partly) responsible for the relatively low age at last
birth, and is likely to also be a factor in the high age at first birth.

There thus seems to be a contradiction between the explanations for the patterns
observed. While omissions could explain the early age at last birth, found on average
for CLHLS respondents, they cannot lead to the overestimated age at last birth found
at very old ages (Fig. 5.2). Further, omissions are unlikely to produce the pattern
observed in the mean age at childbearing. Thus, it is likely that the high level of
omission for last births overwhelms the effect of respondent age exaggeration on
age at last birth, in which case the late age at first birth found in the CLHLS can be
at least partly attributed to age exaggeration.

A reviewer of this chapter questioned the validity of the above comparison on
the grounds that the CLHLS did not go into the same level of detail in recording
fertility histories as the 1982 survey, and moreover that the “memory capacity of
women aged 80–83 [in the CLHLS] was certainly substantially weaker as compared
to those aged 64–67 [in the 1982 survey].” This is precisely the point that we are
making: the CLHLS data are not consistent with the much better quality 1982 data
because of reporting inaccuracies, and that these inaccuracies relate in part to age
reporting in the CLHLS. Moreover, the reviewer’s observations and additional com-
ment that “the reliability of the age at births reported by these extremely old women
is certainly questionable” raise important further issues. First, given that the CLHLS
age validation process was largely based on recall of personal events including mar-
riage and childbearing (Xu 2001, and Chap. 4 of this volume), the weaker memory
capacity and unreliable age at birth reporting of CLHLS respondents actually call
into question the accuracy of validated age. Second, this dependence between age
at childbearing and respondent’s age invalidates the use of these data for the study
of the relationship between longevity and age at childbearing, because reporting
errors will result in their correlation. Third, the unreliability of reported fertility in
the CLHLS (e.g., the omission of births) would have a considerable impact on the
relationship between longevity and age at childbearing, again invalidating its study
based on these data. As already noted, the CLHLS data likely omit around one child
per woman.

The evidence supporting the increasing extent of age exaggeration in reported
age is particularly strong for Guangxi. Centenarian proportions for Guangxi far ex-
ceed expectations, and their reported age distribution is exceptionally old. Further,
the higher than average mean ages at childbearing suggest a greater extent of age
exaggeration, which is in evidence from age 80. The significance of this higher level
of age exaggeration in Guangxi for substantive analyses of the CLHLS data cannot
be ignored. Indeed, preliminary analyses indicating that mortality rates of CLHLS
centenarians between survey rounds are lower in Guangxi than in other provinces
could be entirely an artifact of age exaggeration. Further, the variation in the degree
of age exaggeration by province clearly has implications for the sample weights.
The higher level of age exaggeration in Guangxi results in this province comprising
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14 percent of CLHLS centenarians, and by virtue of the sample design 14 percent
of the whole sample, when it comprises only 4 percent of the total population of
China-22. The significance of age misreporting among particular ethnic minorities
(e.g., Coale and Li 1991) should similarly be carefully considered.

In order to give some idea of the variability in the data, Tables 5.6 and 5.7 in
Appendix 2 provide standard errors for the mean ages at childbearing shown in
Figs. 5.2 and 5.3 respectively. It must be emphasized, however, that high variability
(such as for the Zhuang and Yao ethnic minority populations of Guangxi) does not
detract from the analysis and the validity of the conclusions drawn. Our concern
is to demonstrate the quality of the CLHLS sample per se. The fact that the high
mean ages for the Yao in Guangxi have relatively large standard errors does not
detract from these observed means, nor from the fact that this group forms part of
the sample and contributes to the inaccuracies in the data. It is noted, however, that
in all but one cases standard errors are smallest for the age group 100–104, giving
confidence in the patterns observed.

These conclusions about age reporting at ages 80+ are based on the assumption
that age at childbearing is unrelated to the survival of the mother. This assumption is
open to question: research findings show a positive relationship between late child-
bearing and longevity at the population level. However the exact nature of this rela-
tionship has yet to be determined. Several studies found no relationship between age
at first birth and subsequent survival at ages 50+ (Smith, Mineau, and Bean 2002;
Dribe 2004; Alter, Dribe, and van Poppe 2004), though Doblhammer (2000) found
a significant positive association when comparing first births at age <20 (which
accounted for only 7–12 percent of first births) with those at 20+. On the other
hand, most of these studies found a significant positive relationship between age
at last birth and survival at ages 50+, as have other studies (e.g. Perls, Alpert, and
Fretts 1997; Müller et al. 2002).

Would relaxing this assumption lead to a different conclusion? A relationship
between longevity and age at childbearing could in part explain the increasing mean
ages at childbearing by age in Fig. 5.2. If there is a relationship in the CLHLS
data between longevity and age at last birth, but not age at first birth (or a stronger
relationship for age at last birth), its effect would be to widen the childbearing inter-
val with increasing respondent’s age. Such widening is in fact found for the whole
sample (the interval increases from 11.8 years at age 80–84 to 13.0 at 105–109) and
for Guangxi, but it is not found for Shanghai or Jiangsu where age reporting is more
accurate, suggesting the absence of such a relationship. It is noted that the widening
of the childbearing interval cannot be attributed to increasing omissions with age,
as this would have the opposite effect. Thus the increasing means with age seen in
Fig. 5.2 are attributed to age exaggeration and the effects of the concavity of the age
distribution.

Using CLHLS data, Zeng and Vaupel (2004) found a statistically significant
positive association between number of births after age 35 or 40 and the risk of
survival as measured by deaths between the 1998 and 2000 waves of the survey.
The number of births after age 35 or 40 is dependent on the respondent’s age and on
the age of each child because age at childbearing depends on these two ages. If, as
suggested by this examination of data quality, age exaggeration exists among female
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respondents this finding could be spurious. The increasing level of significance of
Zeng and Vaupel’s finding with increasing number of children (2004: table 3) is
also consistent with the effect of age exaggeration because each additional child
must have been borne at an older age. The same is true of the increased significance
at higher ages (2004: table 4a). Here, as in the above discussion, the effect of the age
distribution comes into play to magnify the strength of the association at older ages.

In conclusion, careful examination of the CLHLS data has demonstrated the pres-
ence of age exaggeration in reported age as seen in the older than expected age dis-
tribution. The extent of exaggeration in the data appears to be low at the youngest
ages, but increases with age especially after age 100. Much of the age exaggeration
can be attributed to Guangxi and in particular Guangxi’s ethnic minorities. However,
the extent of exaggeration found in the data cannot be entirely accounted for by the
minority populations. It must therefore be concluded that age misreporting or exag-
geration at very old ages also exists among the Han majority, especially at ages 100+,
even though age reporting is generally reliable in this population. While increasing
age exaggeration may be due to the effect of the age distribution, it is nevertheless
present in the data. Thus substantive analyses, especially those concerning longevity,
must take age exaggeration into account. In particular, analyses using constructed
variables based on respondent’s age may well be open to spurious relationships with
age. The recommendation that respondents aged 106+ be omitted from analyses only
partially addresses this issue: though the largest biases will be removed by this means,
biased results may still be obtained. Analyses of the effects of age exaggeration on
substantive results based on the CLHLS data are beyond the scope of this chapter, but
have subsequently been undertaken by others (Chap. 4 in this volume).

Finally, it must be emphasized that this chapter has sought to evaluate the quality
of age reporting in the CLHLS through an objective examination of the data, in-
cluding reporting problems that had not previously been investigated. The aim has
been to identify whether age misreporting is present in the data, rather than to rank
the CLHLS among various data sources according to the quality of age reporting.
This initial analysis has demonstrated that the data are subject to the effects of age
misreporting, and further evaluation of the quality of the data and the effect of age
misreporting on analyses is still needed. Our ultimate interest is in the reliability of
the conclusions about longevity based on CLHLS data.

Appendix 1: Examination of Evidence on Heaping at Age 100
in CLHLS Population

Age ratios for centenarians based on 101 and 102 give similar results for females as for
ratios based on 100: the CLHLS distribution is older than any of the three comparable
populations. Thus age heaping at age 100 does not affect the finding. For males, ratios
based on 101 and 102 do not show an older age distribution at ages 102 and 103
suggesting that the extent of inflation (relative to 100) at ages 101, 102, and 103 does
not increase; an older distribution is observed at ages 104 and above for all ratios.
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Table 5.4 Age ratios based on age 101, CLHLS 1998

Age Male Female

Sweden E&W Japan CLHLS Sweden E&W Japan CLHLS
1943–1952 1950–1955 1962–1966 1998 1943–1952 1950–1955 1962–1966 1998

101 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
102 577 527 537 554 524 547 519 608
103 231 274 268 264 244 284 305 390
104 154 125 171 190 122 148 136 218
105 38 41 0 124 61 78 84 122
106 0 7 0 99 24 37 58 92
107 0 0 0 17 12 18 45 79
108 0 0 0 17 0 6 32 41
109 0 0 0 25 0 1 19 32
110+ 0 0 0 33 0 0 32 36

Age ratios are expressed as the number of respondents aged 102, 103, etc. per 1,000 respondents
aged 101

Table 5.5 Age ratios based on age 102, CLHLS 1998

Age Male Female

Sweden E&W Japan CLHLS Sweden E&W Japan CLHLS
1943–1952 1950–1955 1962–1966 1998 1943–1952 1950–1955 1962–1966 1998

102 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
103 400 519 500 478 465 520 588 641
104 267 237 318 343 233 271 263 359
105 67 78 0 224 116 142 163 201
106 0 13 0 179 47 68 113 151
107 0 0 0 30 23 33 88 130
108 0 0 0 30 0 11 63 67
109 0 0 0 45 0 2 38 53
110+ 0 0 0 60 0 0 63 60

Age ratios are expressed as the number of respondents aged 103, 104, etc. per 1000 respondents
aged 102

Appendix 2: Standard Errors for Figures 5.2 and 5.3

Table 5.6 Standard errors of mean ages at childbearing of total sample

Respondent’s age

80–84 85–89 90–94 95–99 100–104 105–109 110–114

Age at last birth
Mean 34.48 34.52 35.22 36.25 37.26 40.08 43.75
SE 0.24 0.29 0.27 0.28 0.19 0.66 2.10
Age at childbearing

Mean 28.55 28.41 29.15 29.82 30.85 33.89 37.52
SE 0.17 0.20 0.18 0.20 0.14 0.48 1.61
Age at first birth

Mean 22.71 22.52 23.26 23.58 24.59 27.07 32.08
SE 0.17 0.19 0.18 0.20 0.15 0.52 2.26
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Table 5.7 Standard errors of mean ages at childbearing by province and ethnic minority

Province/ ethnic group Respondent’s age

80–84 85–89 90–94 95–99 100–104 105–109 110–114

Age at last birth
Shanghai Mean 33.27 32.39 31.43 33.90 34.27 32.83 –

SE 1.41 1.42 1.26 1.12 0.78 2.98 –
Jiangsu Mean 35.35 34.48 35.49 35.20 35.81 39.29 –

SE 0.73 0.83 0.83 0.78 0.41 2.16 –
Guangxi Mean 35.97 37.33 37.29 37.84 39.85 41.22 45.67

SE 0.66 0.80 0.70 0.80 0.52 1.59 2.46
–Zuang Mean 36.60 38.71 38.28 38.71 40.20 39.38 –

SE 1.07 1.12 1.12 1.49 0.81 2.81 –
–Yao Mean 42.00 45.00 41.75 40.00 42.08 47.33 45.50

SE 2.00 2.86 2.66 2.01 2.04 0.88 3.31

Age at childbearing
Shanghai Mean 27.00 27.37 27.28 28.24 27.95 27.33 –

SE 0.88 0.92 0.90 0.76 0.46 1.89 –
Jiangsu Mean 28.24 27.85 29.08 28.86 29.90 33.43 –

SE 0.52 0.59 0.56 0.48 0.29 1.49 –
Guangxi Mean 29.76 30.39 30.42 31.27 33.11 34.39 39.59

SE 0.47 0.53 0.49 0.59 0.41 1.33 0.62
–Zuang Mean 30.19 31.43 31.78 33.22 33.84 32.38 –

SE 0.79 0.79 0.77 1.10 0.67 1.69 –
–Yao Mean 33.88 37.84 32.11 32.86 35.15 41.81 38.98

SE 2.62 3.45 2.77 2.50 1.58 3.12 0.76

Age at first birth
Shanghai Mean 21.30 22.33 23.76 23.27 22.43 22.16 –

SE 0.59 0.86 0.95 0.86 0.47 1.91 –
Jiangsu Mean 21.68 22.07 22.64 22.88 24.14 26.86 –

SE 0.45 0.57 0.49 0.45 0.30 2.12 –
Guangxi Mean 23.46 23.30 23.42 24.60 25.75 27.52 32.50

SE 0.45 0.49 0.46 0.58 0.45 1.51 2.28
–Zuang Mean 23.52 24.54 24.88 27.13 26.31 25.38 –

SE 0.65 0.90 0.86 1.13 0.71 2.16 –
–Yao Mean 26.00 31.00 21.25 25.88 28.00 35.67 31.00

SE 4.00 5.05 2.78 2.50 2.49 5.92 2.38
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Chapter 6
Assessment of Reliability of Mortality
and Morbidity in the 1998–2002 CLHLS Waves

Danan Gu and Matthew E. Dupre

Abstract This chapter assesses the reliability of mortality and self-reported
morbidity in the first three waves of the Chinese Longitudinal Healthy Longevity
Survey (CLHLS). Results indicate that the observed rates of all-cause mortality
reported in the CLHLS are underestimated by 15–20 percent between 1998 and
2000 and by 5–20 percent for ages 80–90 when based on hazard-model estimates;
however, no such differences are found between the 2000 and 2002 waves. Our anal-
yses further show that mortality rates over age 90 in the CLHLS are more reliable
than those obtained from the census. The quality of self-reported morbidity and its
population prevalence is generally quite good compared to other national data sets.
However, the analyses suggest that information collected from next-of-kin should
be interpreted with caution. We find that cause-specific mortality rates estimated
from reports by the next-of-kin are substantially biased and that the prevalence of
the decedents’ morbidity reported by the next-of-kin is somewhat underestimated.
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6.1 Introduction

The accuracy of mortality rates at old ages is critical for an understanding of human
aging and longevity. Numerous studies have documented distinct patterns of mortal-
ity at older ages (Horiuchi and Wilmoth 1998; Kannisto 1994; Thatcher et al. 1998;
Vaupel et al. 1998; Zeng and Vaupel 2003). For example, countries with high-quality
data frequently show that age-specific mortality rates after age 80 tend to follow lo-
gistic, Kannisto, or quadratic patterns (Kannisto 1994; Thatcher et al. 1998; Vaupel
et al. 1998). Departure from these patterns may signify age misreporting and pro-
duce inaccurate mortality estimates that will bias predicted outcomes and lead to
erroneous conclusions.

Unlike respondent deaths in most longitudinal surveys in Western nations, which
can be linked to a national death database with relatively accurate mortality re-
ports, the survival status of respondents in longitudinal surveys in most developing
countries are often collected through interviews. Consequently, mortality data from
studies in developing countries may introduce inaccuracies due to age exaggeration
and age-at-death misreporting by proxies, which are further confounded by sample
attrition and selection. Such inaccuracies may well introduce biases in the estima-
tion of associations between the study variables and mortality and lead researchers
to draw incorrect conclusions. The first part of this chapter assesses the accuracy of
mortality recorded in the first three waves (1998, 2000, and 2002) of the Chinese
Longitudinal Healthy Longevity Survey (CLHLS).

The quality of morbidity data in surveys is important because it captures a major
dimension of health and aging and is crucial for understanding healthy longevity.
Conversely, inaccurate morbidity data will tend to produce biases in the associations
between risk factors and disease (and other health indicators), as well as model
misspecifications in the risk factors predicting subsequent mortality. However, age-
specific patterns of morbidity at old ages are less well documented in the literature
and, to date, there are no established criteria for comparing morbidity rates at the
oldest-old ages across populations or nations. Indeed, the age patterning of chronic
conditions among old persons tends to vary depending on the stage of the epidemi-
ological transition, advances in medical technology, public awareness, and personal
knowledge (see Klabunde et al. 2005; Myers et al. 2003; Robine and Michel 2004).
The second aim of this chapter is to compare several external data sources to assess
the accuracy of chronic morbidity reported in the first three waves of the CLHLS.

6.2 Mortality Reliability

6.2.1 Observed All-Cause Mortality

Han Chinese, as well as several ethnic minorities who are culturally and residen-
tially integrated with the Han (e.g., Korean and Manchu), use the lunar calendar
(animal year) to recall the date of their birth. This unique system for remembering
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an individual’s age makes age exaggeration less common (see chap. 4 of this vol-
ume for more detail), ensuring that the mortality rates of Han and related Chinese
ethnicities are generally reliable at advanced ages. As such, Coale and Li (1991)
showed that mortality rates at the oldest-old ages were generally accurate in the third
national census (in 1982) when excluding the Xinjiang Province, which has a heavy
concentration of ethnic minorities. Some recent studies, however, show that the ac-
curacy of mortality rates from censuses in China is improving (e.g., Banister and
Hill 2004). Below we present comparative analyses of observed and estimated mor-
tality using the CLHLS and data from the 2000 Chinese census in the 22 provinces
where the CLHLS has been conducted. We also address the effects of potential age
exaggeration by ethnic minorities on overall mortality risk in the CLHLS.

We calculate the person-years lived by each respondent for a specific period
according to the date of birth, dates of the interviews for survivors, and the date
at death for those who died between the survey waves. All analyses are weighted
to account for the complex sampling design. We divide the weighted number of
deaths at each age in a given period by the total weighted number of person-years
lived during this period to obtain separate age-specific death rates for males and
females.1 Figure 6.1 compares the age-sex-specific death rates for the oldest-old in
the CLHLS for the period of November 1999 thru October 2000 and for the period
of January 2001 thru December 2001. For the 22 provinces in the 2000 census, the
period is from November 1999 through October 2000.2 Using the same estimation
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Fig. 6.1 Comparison of observed period-specific mortality rates in the CLHLS and the 2000 census
(22 provinces)

1 This chapter does not use Nt+n
x+n

Nt
x

= exp
(
− ∫ x+1

x µ(t)dt )
)

to estimate the central death rate which

was employed by Zeng et al. (2004). However, the results in this chapter are quite similar to those
of Zeng et al. (2004).
2 Respondents who report being older than age 106 at baseline were excluded because of insuffi-
cient information to validate their age. Respondents younger than age 80 at baseline were excluded
in this study for the 1998 and 2000 waves, while those younger than age 65 were excluded for the
2002 wave. The respondents are excluded because they are out of the targeted age range for the
CLHLS sample.
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method for the CLHLS and 2000 census, we find no major differences in mortality
between the CLHLS and the 2000 census during the period from November 1999
to October 2000 (the CLHLS produces higher mortality rates than the 2000 census,
especially after age 94).3 However, we find that compared to the census, mortality
in the CLHLS was underestimated by around 10–15 percent in the first year im-
mediately after the interview for both the 1998 and 2000 waves (not shown), as has
already been found by Goodkind (2004). This may be because the next-of-kin of de-
ceased respondents misreported the timing of death to a later date (Goodkind 2004).
If the first- and second-year deaths were not distinguished, as in most longitudinal
studies, we would find no underestimation in mortality in the CLHLS in the period
of 2000 and 2002; however, there would still be a 15–20 percent underestimation
of mortality before age 90 for both males and females between 1998 and 2000 in
the CLHLS (Fig. 6.2). Therefore, we conclude that the mortality rates from the first
three waves of the CLHLS are relatively reliable, with the exception of some recall
errors by proxies in the respondents’ date of death.

6.2.2 Estimated All-Cause Mortality

Thatcher et al. (1998) examined the force of mortality (i.e., central death rate) at
the oldest-old ages in thirteen developed countries across several recent decades.
They used the observed population size and number of deaths for ages 80–98 and
extrapolated for ages beyond 98. They found that the mortality patterns were mod-
eled better with Logistic, Kannisto, and quadratic methods than with Gompertz,
Weibulll, and Heligman and Pollar models for all the countries and across all three

3 We summed the age-sex-specific number of deaths recorded for the period from November 1999
through October 2000 and the age-sex-specific number of persons counted in the 2000 census (i.e.,
October 31, 2000) for 22 provinces and applied the formula dx = dx

Dx

0.5(Pt−1
x +Pt

x )
to calculate the

age-sex-specific central death rate. Note that the National Bureau of Statistics of China (NBSC)
and each provincial statistic bureau used dx = Dx

0.5(Pt
x +Pt

x+1)
to calculate the central death rate for

agex at time t–1 to time t (i.e., November 1999 thru October 2000). This NBSC formula imposes
negligible bias when the size of each birth cohort is similar and mortality is low. However, when
mortality is high, especially at old ages, the formula suffers bias even though the size of each cohort
is similar. In order to getPt−1

x , the approach proposed by Vallin (1973) was employed to split all
possible age-year death aggregates by cohort (i.e., the older cohort shares 2% more deaths for a
given amount of death events at age x and yeart). The Kannisto and Thatcher database on old-age
mortality (80–120) used half versus half to split the death, although they admit their approach may
also suffer minor biases. After splitting, we can easily estimatePt−1

x and the central death rate.
We also applied the same approach to estimate the central death rate in the 22 provinces from the
2000 census as we did for the CLHLS. We assume that each of person in Pt

x survives 0.5 person-
year in agex , each of the deceased persons at age xsurvives 0.5 person-year in agex , and each
person inPt

x+1survives 0.5 person-year in age xbefore they reach the exact age x + 1. The central
death rate is slightly higher for the person-year-based approach than for dx = Dx

0.5(Pt−1
x +Pt

x )
. In this

chapter, we present only the person-year-based approach. Both the person-year-based approach
and dx = Dx

0.5(Pt−1
x +Pt

x )
are slightly smaller as compared to the NBSC published data for persons

ages 90 and over.
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Fig. 6.2 Comparison of mortality rates between the CLHLS and 2000 census (22 Provinces)
without distinguishing the first and second year mortality after the interview

decades. Zeng and Vaupel (2003) used the same methods to investigate mortality
patterns for the oldest-old Han Chinese people in the 1990 census and found similar
results. Zeng and Vaupel’s findings also suggest that the mortality data for the oldest
old Han Chinese are quite good in the 1990 census, although the observed rates of
male mortality beyond age 94 are slightly underestimated.

We apply the same method to estimate mortality rates from ages 80–98 and ex-
trapolate for ages 99–105 for the CLHLS 22 provinces in the 2000 census.4 We
present only the findings from the Kannisto model in this chapter. A comparison of
mortality rates fitted from the Kannisto model with mortality rates obtained from the
2000 census indicates an underestimation for males after age 94 in the census data
(not shown) and no difference for females. Therefore, we conclude that mortality
rates for the oldest-old females in the 22 provinces in the 2000 Chinese census are
reliable.

Because the CLHLS (or any survey in China) cannot produce reliable mortal-
ity rates for each age comparable to the census, we use regression models to es-
timate age patterns according to the survey data and then compare them with the
established criterion (i.e., the Kannisto model, see Zeng and Vaupel (2003). Thus,
mortality rates for two periods of the CLHLS (i.e., between the 1998 wave and the
2000 wave, and between the 2000 wave and the 2002 wave) are estimated using
both semi-parametric Cox proportion hazard models and parametric exponential
and Weibull hazard models.5 We use an average of the estimates of these three

4 In order to do this, the method described in footnote 3 is used to estimate the risk population
and death for each age. We then follow Thatcher et al.’s (1998) method to estimate and extrapolate
the age-specific mortality rates for ages 80–105. Zeng and Vaupel (2003) show that the Kannisto
model is one of the best models in fitting the oldest-old mortality for Han Chinese.
5 Weibull and exponential models produce similar results, but they produce higher rates than
the Cox model. The mortality rates based on the Weibull or exponential models for the period
of 2000–2002 are higher than those based on the Kannisto model. This suggests that different
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Fig. 6.3 Comparison of age-sex-specific mortality rates between the CLHLS based on hazard
models and the 2000 census based on Kannisto models (22 provinces)

approaches to represent the model-based approach for the force of mortality in the
CLHLS. Hazard models are conducted separately for males and females and sample
weights are applied.

Figure 6.3 compares the central death rates for the two periods in the CLHLS
using hazard models with those from the 22 provinces in the 2000 census using the
Kannsito model. The relative bias of the model-based approach in the CLHLS is
also compared with the census results based on the Kannisto model and is reported
in Fig. 6.4. The results suggest that the age-sex-specific mortality rates are some-
what underestimated for the period of 1998–2000. There is an approximately 5–20
percent underestimation of mortality for both males and females before age 90 in the
1998–2000 interval. The average underestimations before age 90 are 12 percent for
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Fig. 6.4 Relative mortality bias between the CLHLS based on hazard models compared to census
mortality fitted by Kannisto models (22 provinces)

analytical models will yield inconsistent findings. Other parametric models were also tested and
the results were analogous to those produced by the Weibull and exponential models. According
to Cleves et al. (2004: 197–200), parametric hazard models are superior to Cox hazard models in
utilizing event data over the time intervals being studied. The gap in mortality rates (before age 90)
between the estimated average rates from parametric models will be closer to those fitted by the
Kannisto model.
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males and 15 percent for females. However, there is no evidence of underestimation
in the interval from the 2000 wave to the 2002 wave. Comparisons between the
first three waves of pooled data (i.e., 1998, 2000, and 2002) and the results from
the Kannisto model further show that there is an underestimation of mortality of
roughly 8 percent before age 90 (results not shown).

6.2.3 The Effects of Potential Age Exaggeration on Mortality Rates

Approximately 7 percent of the CLHLS sample is categorized as being in a non-
Han minority group. Because ethnicity is a major sociodemographic factor in the
study of aging, the accuracy of non-Han mortality data will likely influence health
and mortality-related patterns and their associations with other sociodemographic
variables. If age reporting among the non-Han sample is not accurate and thus mor-
tality estimates are not reliable, it may be necessary to drop these persons from the
analysis; alternatively, researchers should retain the minority sample in the analyses
if the data prove to be reliable. This section assesses the accuracy of mortality data
among the non-Han minorities as they relate to age exaggeration and its impact on
mortality estimates when age reports are not accurate.

As noted in Chap. 4 of this volume, the accuracy of age reporting for Han Chinese
in the CLHLS is relatively reliable and roughly comparable to that of Canada and
Australia. Chapter also shows that age reporting among non-Han Chinese is less
accurate than among Han Chinese, but that the possible age exaggeration will not
bias the association between health/survival and late childbearing in multivariate
regression models. Gu and Zeng (2004) have demonstrated that age exaggeration
among the oldest-old non-Han respondents in the CLHLS does not significantly
affect estimates of disability, cognitive functioning, self-reported health, or their
predictors either cross-sectionally or longitudinally. In this chapter, four simulations
are performed using parametric (exponential) hazard models to further examine the
effect of possible age exaggeration among ethnic minorities on mortality rates in the
CLHLS. The simulations include: (1) each minority aged 85 and older over-reports
their age by 2 years; (2) each minority aged 85–89 over-reports their age by 2 years,
while each minority aged 90 and older over-reports their age by 5 years; (3) each
minority aged 85–89 over-reports their age by 2 years, while each minority aged
90 and older over-reports their age by 8 years; and (4) each minority aged 85–89
over-reports their age by 2 years, each minority aged 90–94 over-reports their age
by 8 years, and each minority aged 95 and older over-reports their age by 10 years.

Figure 6.5 demonstrates that even though we assume serious age exaggeration
among ethnic minorities, its impact on the estimation of overall mortality in the
CLHLS is negligible.6 Zhang and Li (2004) find that there is no underestimation of

6 The results in Fig. 6.5 are slightly different from Fig. 6.3 because Fig. 6.5 is based on the expo-
nential hazard model while Fig. 6.3 is based on the averages from the exponential, Weibull, and
Cox models. The simulation patterns based on the Weibull and Cox models are the same as those
in Fig. 6.5. For illustrative purposes, we simply use the exponential model.
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Fig. 6.5 Estimated impact of potential age exaggeration by ethnic minorities on overall mortality
in the CLHLS, 1998–2002

mortality among minorities from 1998 to 2002 compared with Han Chinese using
nonparametric Kaplan and Meier (KM) analyses.

6.2.4 Cause-Specific Mortality

Information on cause-specific death rates is important in determining the allocation
of health investments and resources in public health policy and for identifying the
priorities of national health services. The CLHLS includes information on the pri-
mary cause of death for the sampled decedent who died between survey waves (col-
lected from his/her next-of-kin). Table 6.1 compares the cause-specific death rates
in the CLHLS with those obtained from the China National Disease Surveillance
Point System (DSP). Data from the DSP covers 145 sites in both urban and rural
areas from 31 provinces, and they may be considered a proxy for the 22 CLHLS
provinces. Although the DSP accounts for only one percent of the national popula-
tion and undercounts the number of deaths, the DSP data provide sufficient confi-
dence for the primary causes of death (Yang et al. 2005). Table 6.1 indicates that the
CLHLS highly underestimated the cause-specific death rates of cancer, cerebrovas-
cular disease, heart disease, and respiration and digestive diseases. Nearly half of the
results in Table 6.1 underestimate mortality by more than 50 percent, particularly in
rural areas, suggesting that the cause-specific data in the CLHLS are not reliable.7

We suspect the primary reasons for this to be threefold. First, many next-of-kin did
not know the cause of death because the majority of subjects died at home (over 90
percent), and many probably lacked medical tests and/or treatment prior to death.
Second, many urban respondents—whose next-of-kin are more likely to provide the
cause of death—were lost to follow up. Third, information on the cause of death
was not collected from official government agencies in the CLHLS.

7 Because we are unable to access the DSP data, we have no knowledge of the accuracy of the
other cause-specific mortality rates in the CLHLS. We suspect it also would be underestimated.
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Table 6.1 Comparisons of death rates (%) by main causes between the CLHLS (1998-2000) and
China’s national death rates (1998)

Age group Cancer Cerebrovascular Heart CVD and Respiratory and
diseases (CVD) diseases Heart dis. digestive dis.

Urban
CLHLS (pooled 1998–2002)

Male 80–84 0.78 1.99 1.20 3.19 1.18
85+ 1.43 2.65 2.04 4.69 2.43

Female 80–84 0.89 1.53 1.07 2.60 0.81
85+ 0.61 1.80 1.34 3.14 1.26

China’s Disease Surveillance Point System (1998)
Male 80–84 1.93 3.28 2.56 5.84 3.30

85+ 1.90 3.75 4.16 7.91 5.40
Female 80–84 0.97 2.44 2.14 4.58 2.24

85+ 0.88 3.37 3.82 7.19 4.55
Rural

CLHLS (pooled 1998–2002)
Male 80–84 0.43 1.70 0.97 2.67 2.12

85+ 0.90 2.27 1.37 3.64 1.89
Female 80–84 0.43 1.36 0.79 2.15 0.95

85+ 0.33 1.61 1.03 2.64 1.73

China’s Disease Surveillance Point System (1998)
Male 80–84 1.16 3.36 2.27 5.63 5.51

85+ 0.91 4.53 3.31 7.84 7.86
Female 80–84 0.66 2.30 1.65 3.95 3.57

85+ 0.41 2.47 1.89 4.36 4.35

Age 85+ is the last age group available in the national death rates. China’s Disease Surveillance
Point System (DSP) was fully established in 1990 with 145 surveillance sites over the country in
31 provinces, covering approximately 10 million people. The DSP data are provided by Yong Li
(2005). The CLHLS data are calculated by dividing the number of deaths in each age group by the
number of person-years lived in those ages.

Over 30 percent of the next-of-kin reported the deceased respondents’ cause of
death as “old age/senility” or “natural death.” There is a debate as to the acceptabil-
ity of categorizing “old age” as the primary cause of death; however, the number
of cases so reporting is increasing each year. In England and Wales in 2000, 2.3
percent of deaths were reported as “old age” (United Kingdom General Registry
Office 2001). However, Hawley (2003) analyzed 4,300 cremations in the U.K. and
found a significant underestimation of medical conditions among 300 deceased
persons whose cause of death was recoded as “old age”, which is likely due to
undiagnosed conditions (Horner and Horner 1998).8 Therefore, we speculate that
the high proportion of “old age” deaths in the CLHLS is also likely resulted from
undiagnosed conditions and should be used and interpreted with caution.

In summary, overall mortality rates in the CLHLS during the period of 2000–2002
are reliable. However, observed mortality rates from the 1998 to 2000 CLHLS data

8 Seventy percent of deaths in the U.K. result in cremation (see Hawley 2003).



108 D. Gu, M.E. Dupre

were underestimated by 15–20 percent and by 5–20 percent for the regression-based
rates before age 90—a potential consequence of nonrandom missing data. Such
underestimation of all-cause mortality likely induces some bias in calculations of life
expectancy.9 However, the impact of underestimating mortality is minor on the effects
of predictors in statistical models.10 Given the accuracy in age reporting among the
oldest old in the CLHLS, and regardless of recall error in the date of event, one would
expect little to no mortality underestimation in the CLHLS. The primary reason for
such an underestimation ofmortality ispossiblybecause thesample lost to follow-upis
not completely random. Chapter 3 shows that octogenarians interviewed in 1998 were
twotimesand50percentmore likely tobe lost to follow-upbythe2000wavecompared
to nonagenarians and centenarians, respectively. Most persons lost to follow-up were
likely dead prior to the 2000 interview. From the period of 2000–2002, there is no
age pattern associated with the sample lost to follow-up. We suggest that users of the
CLHLS data utilize data from the interviews in 2000 and later or use pooled data when
conducting survival analyses to produce more robust estimates. If the distinction of
first- and second-year mortality is needed for specific research designs, the results
should be interpreted with caution because the first-year mortality rates suffer from
underestimation due to recall bias by next-of kin.

The underestimation of mortality is also found in some national longitudinal
surveys in the United States, despite the linkage of datasets to the National Death
Index. For example, Adams et al. (2005) observed an underestimation of mortal-
ity for elderly females ages 76–82 and ages 88 and older from two waves of the
Assets and Health Dynamics among the Oldest Old Study (AHEAD).11 Laditka
and Wolf (2004) found differences in mortality between the 1982 interview of
the National Long-Term Care Survey (NLTCS) and the data provided by the Na-
tional Center on Health Statistics. Manton and Lamb (2005) also reported mortality
differentials between the NLTCS data and other data sources. Because both the
Health and Retirement Study (HRS/AHEAD) and the NLTCS have not released
detailed information on the date of death, we are currently unable to examine the
full extent of mortality underestimation in these two American surveys. The un-
derestimation of mortality in these two surveys in the US might be due to sample

9 The parametric hazard models produce slightly higher mortality rates than the Kannisto method,
as indicated in the above note. Therefore, it is more appropriate to use parametric models when
calculating life expectancy.
10 We examined the impacts of mortality underestimation on the predictors in various hazard models.
We divided the data between the 1998 and 2000 interviews into two intervals: the first year and
the second year (after the 1998 initial interview). We found differences in the coefficients of the
predictors between the first year and the second year data, as well as for the data between the 2000
and 2002 waves. However, when the data were not divided, as is the case for many studies, we
found that the coefficients of the predictors were comparable to those based on the second year
data. Furthermore, the results from the 1998–2000 dataset were similar to those of the 2000–2002
dataset.
11 Authors did not provide data for males, therefore we do not know the degree of underestimation
of mortality among males in the AHEAD study. To date, the mortality data from the Health and
Retirement Study (HRS) and AHEAD have not been compared with other sources.
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selection (i.e., sampled persons are healthier than the general population) or due to
age exaggeration at the oldest-old ages, especially for African-Americans (Coale
and Kisker 1990).

Given that there is little to no discussion in the literature on how to adjust for the
underestimation of mortality in longitudinal data, we refrain from suggesting new or
valid methods of handling this issue. In addition, we do not know whether the first-
year underestimation of mortality is unique to the CLHLS or is a widespread phe-
nomenon. Research on addressing the accuracy of mortality in longitudinal surveys
should be explored further. Likewise, cause-specific mortality rates in the CLHLS
suffer from substantial underestimation possibly because of inadequately informed
next-of-kin and/or insufficient efforts in seeking official cause-of-death information.
Therefore, we suggest that researchers avoid using cause-specific mortality from the
CLHLS or interpret their results with caution when necessary.

6.3 Morbidity Reliability

Self-reported questionnaires offer an easy and less expensive alternative for col-
lecting data on respondents’ chronic conditions compared to data obtained through
direct medical examinations. However, the accuracy and comprehensiveness of
data obtained from self-report questionnaire depends to a significant degree on
the respondents’ health knowledge, ability to recall, and willingness to report (see
Klabunde et al. 2005). The accuracy of self-reported chronic conditions compared to
medical records, disease registries, or clinical and laboratory reports is inconclusive.
For example, some studies suggest that self-reports of diabetes and heart diseases
tend to be less accurate than medical records, while reports of arthritis are deemed
reliable (Beckett et al. 2000). In contrast, others demonstrate that the accuracy of
self-reported chronic conditions is high for diabetes (Midthjell et al. 1992) and mod-
erately good for hypertension (Tormo 2000), whereas the accuracy of reporting other
diseases such as arthritis is low (e.g., Kehoe et al. 1994). According to previous stud-
ies comparing self-reported conditions with medical records, disease registries, and
clinical and laboratory experiments, underreporting of chronic diseases is common
in developed nations (e.g., Gross et al. 1996; Hughes et al. 1993; Kehoe et al. 1994;
Schrijvers et al. 1994). The underreporting of diseases in developing counties is
largely the result of underdeveloped medical technologies and infrastructure, and the
shortage of resources and skilled professional personnel in public health. Some stud-
ies also find that the accuracy of self-reported chronic conditions is associated with
individual characteristics such as age or gender (e.g., Kehoe et al. 1994; Kriegsman
et al. 1996). Others find that the accuracy of self-reported morbidity is related to the
individual’s knowledge, perceptions, awareness, and recognition of chronic disease
symptoms (Apolone et al. 2002; Vergara et al. 2004; Satish et al. 1997). Still oth-
ers indicate that morbidity rates are influenced by public health programs targeting
specific populations (e.g., Zaslavsky and Buntin 2002).

To our knowledge, no existing studies have assessed and compared the accu-
racy of self-reported chronic conditions obtained from surveys and medical/clinical
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records in China. Therefore, we are unable to fully evaluate the reliability of
self-reported conditions among the oldest old in the CLHLS. Fortunately, we can
compare indirectly the prevalence rates of chronic disease in the CLHLS with other
national sources in an attempt to begin to assess the accuracy of the self reports.12

Table 6.2 compares the self-reported prevalence rates for selected chronic dis-
eases in the CLHLS in 2002 and the Second National Health Service Survey
(SNHSS) in 1998. The findings strongly indicate that prevalence rates are much
higher in the CLHLS than in the SNHSS, suggesting that the quality of self-reported
morbidity in the CLHLS is high. Table 6.3 compares the CLHLS data with a second
national survey on the elderly conducted by the China National Research Center on
Aging (CNRCA) in 2000. The proportion of adults with one of more chronic dis-
eases is quite similar across the two national surveys and, again, indicates relatively
good data quality in the CLHLS.

The first two waves of the CLHLS (1998 and 2000) did not collect data for the
younger elderly (ages 65–79). Hence we present comparisons of disease prevalence
only among the oldest old from the first three waves of the CLHLS. The results
in Table 6.4 indicate that the rates of disease are generally consistent across the
waves, with some fluctuations (e.g., diabetes, Parkinson’s disease). Despite the mi-
nor fluctuations, which are primarily associated with the small sample size and low
prevalence, the validity of the prevalence rates appears to be strong in the CLHLS.

Prevalence rates for selected chronic diseases (reported by the respondent or proxy)
for living adults were also compared to prevalence rates reported by the next-of-kin

Table 6.2 Comparisons of prevalence rates (%.) of chronic disease among the Chinese elderly
aged 65 and older between the CLHLS in 2002 and the SNHSS in 1998

Diseases SNHSS in 1998 CLHLS in 2002

Males Females Both sexes Males Females Both sexes

Hypertension 62.9 57.9 75.2 157.6 193.1 176.4
Diabetes 11.4 10.5 15.0 24.8 38.6 32.1
Heart diseases 61.9 57.1 68.7 86.5 115.1 101.66
Stroke or CVD 34.0 31.3 36.2 67.7 52.2 59.5
Bronchitis, emphysema,
pneumonia, asthma 194.2 178.9 84.6 166.1 107.4 126.3
Cataract or glaucoma 15.3 14.1 25.36 62.2 102.8 83.7
Gastric or duodenal diseases
(digestive disease) 67.2 61.9 58.9 61.8 65.6 63.8
Dermatosis 8.3 7.7 4.0 19.6 18.8 19.2
Cancer (malignant neoplasm) 5.2 4.8 5.4 5.2 5.7 5.5
Psychosis 2.6 2.4 4.0 3.2 3.9 3.6

The Second National Health Service Survey is obtained from website at http://www.moh.gov.cn

12 The prevalence rates of chronic conditions in two other national surveys used in this report are
both based on self reports. There is a possibility that these two surveys and the CLHLS underreport
the actual number of chronic conditions. The purpose of our comparisons is to examine the con-
sistency between the CLHLS and other national sources, not to determine the true rates of chronic
conditions in the population.



6 Assessment of Reliability of Mortality and Morbidity 111

Table 6.3 Comparisons of the percentages of elderly with chronic conditions between the CLHLS
in 2002 and the CNRCA in 2000

Urban Rural Urban and Rural

Males Females Total Males Females Total Males Females Total

CNRCA Survey 2000
Age 65–79 67.07 71.97 69.46 51.93 57.98 54.72 59.26 65.14 62.05
Age 80+ 61.72 63.66 62.88 52.80 57.17 55.23 56.50 60.14 58.59
Age 65+ 66.60 70.88 68.74 52.03 57.85 54.79 58.98 64.41 61.62

CLHLS 2002a

Age 65–79 64.71 67.59 66.19 53.83 58.31 56.14 57.69 61.57 59.69
Age 80+ 69.19 68.15 68.55 58.64 62.49 61.06 62.24 64.36 63.56
Age 65+ 65.19 67.68 66.50 54.37 59.01 56.84 58.19 62.03 60.22

Source: CNRCA (2003). Data Analysis of the Sampling of Survey of the Aged Population in China.
Beijing: China Standard Press.
aInstitutionalized respondents were excluded in the 2000 CNRCA survey.

Table 6.4 Comparisons of prevalence rates (%) for selected diseases among the Chinese oldest-old
across three waves of the CLHLS by gender and urban/rural residence

Diseases 1998 2000 2002

Males Females Males Females Males Females

Hypertension 15.61 18.46 15.55 19.09 15.55 18.54
Diabetes 0.99 1.13 1.64 1.65 1.68 1.53
Heart diseases 8.46 6.67 7.03 8.22 8.60 10.11
Stroke or CVD 4.04 2.98 4.76 3.35 5.85 5.05
Bronchitis, emphysema,
pneumonia, asthma

16.52 12.07 13.99 10.57 16.52 12.33

TB 1.09 0.64 1.07 0.88 1.12 0.41
Cataract 13.76 15.21 8.12 10.41 9.30 12.15
Glaucoma 1.68 2.13 1.31 2.45 1.98 2.60
Prostate 8.30 – 4.47 – 5.27 –
Gastric or duodenal ulcer 4.25 3.84 3.71 3.86 4.75 5.15
Parkinson’s diseases 1.12 0.41 0.63 0.27 0.73 0.27
Bedsore 0.75 0.59 0.78 0.87 0.58 0.49
Cancer (malignant neoplasm) 0.78 0.35 0.36 0.08 0.41 0.17

Urban Rural Urban Rural Urban Rural

Hypertension 16.86 17.67 18.17 17.58 22.71 14.77
Diabetes 2.41 0.45 2.72 1.13 3.48 0.66
Heart diseases 13.42 4.43 11.75 5.85 13.96 7.44
Stroke or CVD 5.37 2.42 5.28 3.19 7.49 4.33
Bronchitis, emphysema,
pneumonia, asthma

13.68 13.72 13.83 10.87 13.56 14.12

TB 1.00 0.51 1.13 0.86 1.44 0.50
Cataract 22.06 11.16 14.90 6.97 15.56 9.00
Glaucoma 2.54 1.69 2.31 1.89 3.00 2.14
Prostate 6.18 1.73 3.50 0.91 3.57 1.21
Gastric or duodenal ulcer 4.20 3.89 4.75 3.34 5.13 5.18
Parkinson’s diseases 0.77 0.62 0.60 0.30 0.67 0.36
Bedsore 0.86 0.55 0.65 0.93 0.69 0.52
Cancer (malignant neoplasm) 0.87 0.34 0.40 0.07 0.40 0.19
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Table 6.5 Comparisons of prevalence rates (%) for selected diseases reported by decedents’ next-
of-kin in the first three waves of the CLHLS by gender and urban/rural residence

1998 wave Died between 1998
and 2000 waves

Diseases M F U R M F U R

Hypertension 11.38 9.61 10.84 9.68 8.85 5.85 8.24 5.63
Diabetes 0.87 0.67 0.81 0.67 1.19 0.76 1.21 0.61
Heart diseases 8.62 6.18 8.30 5.82 8.54 7.23 8.41 6.98
Stroke or CVD 4.51 3.14 4.32 2.94 10.51 7.37 8.88 8.21
Bronchitis, emphysema,

pneumonia, asthma 17.79 11.41 14.87 12.68 12.02 8.89 10.95 9.12
TB 0.71 1.14 1.21 0.73 0.71 0.71 0.58 0.86
Cataract or glaucoma 17.87 23.59 23.63 19.11 4.03 6.18 6.17 4.53
Prostate 7.83 – 3.80 2.27 3.24 – 1.61 0.92
Gastric or duodenal ulcer 3.00 2.43 3.11 2.14 2.53 1.95 2.07 2.27
Parkinson’s diseases 0.79 1.09 0.81 1.16 0.47 0.24 0.35 0.31
Bedsore 1.19 1.33 1.27 1.29 1.66 1.24 1.38 1.41

2000 wave Died between 2000
and 2002 waves

M F U R M F U R

Hypertension 12.83 11.09 12.00 11.42 9.60 8.41 10.07 7.70

Diabetes 1.50 1.00 1.27 1.12 2.55 1.84 2.47 1.74
Heart diseases 8.03 6.77 9.59 4.59 11.93 9.70 14.17 7.26
Stroke or CVD 5.78 4.18 5.91 3.66 11.55 9.25 11.16 9.31
Bronchitis, emphysema,

pneumonia, asthma 13.05 10.35 12.12 10.55 15.68 12.44 13.81 13.84
TB 0.98 0.65 0.97 0.62 1.35 1.09 1.09 1.30
Cataract or glaucoma 11.55 16.27 16.77 11.67 5.63 8.76 8.20 6.89
Prostate 5.93 – 3.80 1.24 4.20 – 3.08 0.74
Gastric or duodenal ulcer 3.15 3.33 3.50 2.92 4.95 3.48 3.74 4.47
Parkinson’s diseases 0.53 0.20 0.42 0.25 1.28 2.19 0.84 0.56
Bedsore 0.75 1.04 0.66 1.18 1.28 2.19 2.29 1.37
Arthritis 11.18 11.99 11.70 11.67 7.73 6.97 7.18 7.20
Dementia 3.90 5.62 5.31 4.35 2.93 3.88 3.38 3.54

when the respondent died (see Table 6.5). The results suggest some underestimation
of disease prevalence for certain conditions reported by the next-of-kin. Therefore,
researchers should be cautious when using these kinds of data that were collected
for deceased persons. Prior research suggests more robust estimates are obtained by
combining data from the last interview of the sampled person with data collected by
the decedents’ next-of-kin reported between waves (Marshall and Graham 1984).

In sum, the self-reported prevalence of chronic conditions is quite reliable in the
CLHLS, compared to other national sources, whereas the morbidity of deceased
subjects reported by the next-of-kin is not as reliable. According to previous re-
search, however, the ADL disability information for deceased persons (reported by
the next-of-kin) is shown to be reliable (Gu and Zeng 2004; Zeng et al. 2004). This
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discrepancy is understandable given that most of the kin resided and/or provided
care for the respondent before his/her death. In addition, the underreporting of mor-
bidity among the subsequently deceased is likely because many families did not (or
could not) seek medical treatment for the respondent while the subject was alive,
and consequently, family members may have been unaware of an existing disease.

6.4 Concluding Remarks

This chapter examined the reliability of mortality and morbidity data in the first three
waves of the CLHLS. Compared with other data sources, the results demonstrate
that mortality rates are reliably estimated from 2000 to 2002. However, before age
90 (from 1998 to 2000), we find some underestimation of mortality possibly due to
a higher proportion of octogenarians lost to follow-up compared to nonagenarians
and centenarians. The first-year mortality rates after the interview also tend to be
underestimated. We suspect that this is related to recall bias in the date of death
reported by the decedents’ next-of-kin. Our results suggest that self-reported rates
of chronic disease are reliable. It is believed that the good quality of the CLHLS data
is largely attributable to the systematic operation and collection of survey data and
the systematic age-verification procedures used for sampled persons. Because we
are unaware of the implementation procedures of other surveys on aging in China,
we are reluctant to infer the reliability of their mortality rates and the prevalence of
self-reported chronic diseases.

We find that reports of morbidity by the next-of-kin and information on the
cause of death reported by the next-of-kin are not quite as reliable. These find-
ings suggest that the next-of-kin are not reliable proxies for gathering disease and
cause-specific mortality data for the elderly in China. The appropriateness of using
next-of-kin as proxies for information regarding end-of-life care research is still
debated. Some studies indicate the appropriateness of such reports (see Tang and
McCorkle 2002 for a review), while others do not (see Sprangers and Aaronson
1992 for a review). Further, the agreement between proxy-identified and respondent
self-reported chronic conditions varies according to demographic and family charac-
teristics, caregiving burden, and the health conditions of the sampled individuals and
their proxies (Tang and McCorkle 2002). Given space limitations, we were unable
to further explore the mechanisms associated with the estimation of proxy-rated
chronic conditions. Additional research is clearly warranted to address this short-
coming. In addition, given that proxies are rarely used to determine cause of death
in most end-of-life care studies, it is unclear whether such inaccuracies occur in the
CLHLS. This is an issue requiring further investigation. Overall, our results suggest
that greater interviewer training may be necessary to further improve CLHLS data
collection by eliciting more accurate information from the respondents’ next-of-kin.

Acknowledgments The research reported in this chapter is supported by The National Institute on
Aging grant (R01 AG023627-01) and National Natural Science Foundation of China key project
grant (70533010).



114 D. Gu, M.E. Dupre

References

Adams, P., M.D. Hurd, D. McFadden, A. Merrill, and T. Ribeiro (2005), Healthy, wealth, and wise?
tests for direct causal paths between health and socioeconomic status. Journal of Econometric
112, pp. 3–56

Apolone, G., A. Cattaneo, P. Colombo, C. La Vecchia, L. Cavazzuti, and F. Bamfi (2002), Knowl-
edge and opinion on prostate and prevalence of self-reported BPH and prostate-related events:
A cross-sectional survey in Italy. European Journal of Cancer Prevention 11 (5), pp. 473–479

Banister, J. and K. Hill (2004), Mortality in China 1964–2000. Population Studies 58, pp. 55–75
Beckett, M., M. Weinstein, N. Goldman, N., and Y.-H. Lin (2000), Do health interview survey yield

reliable data on chronic illness among older respondents? American Journal of Epidemiology
151, pp. 315–323

China National Research Center on Aging (2003), Data analysis of the sampling of survey of the
aged population in China. Beijing: China Standard Press

Cleves, M.A., W.W. Gould, and R.G. Gutierrez (2004), An introduction survival analysis using
STATA. Revised edition, College Station, TX: STATA Corporation

Coale, A.J. and E.E. Kisker (1990), Defects in data on old-age mortality in the United States. Asia
and Pacific Population Forum 4, pp. 1–31

Coale, A.J. and S. Li (1991), The effect of age misreporting in China on the calculation of mortality
rates at very high ages. Demography 28 (2), pp. 293–301

Goodkind, D. (2004), The mortality of China’s oldest-old: Comparisons and questions from the
Chinese Longitudinal Healthy Longevity Survey and the 2000 Census. Presented at the work-
shop on Determinants of Healthy Longevity in China. Max Planck Institute for Demographic
Research (MPIDR), Rostock, Germany, August 2–4, 2004

Gross, R., N. Bentur, A. Elhayany, M. Sherf, and L. Epstein (1996), The validity of self-reports on
chronic disease: characteristics of underreporters and implications for the planning of services.
Public Health Review 24 (2), pp. 167–182

Gu, D. and J. Lu (2004), Age reporting of the minority oldest-old in the CLHLS. Presented at the
workshop on Determinants of Healthy Longevity in China. Max Planck Institute for Demo-
graphic Research (MPIDR), Rostock, Germany, August 2–4, 2004

Gu, D. and Zeng, Y. (2004), Sociodemographic effects on the onset and recovery of ADL disability
among Chinese oldest-old. Demographic Research 11, pp. 1–42

Hawley, C.L. (2003), Is it ever enough to die of old age? Age and Ageing 32, pp. 484–486
Horiuchi, S. and J.R. Wilmoth (1998), Deceleration in the age pattern of mortality at older ages.

Demography 35 (4), pp. 391–412
Horner, J.S. and J.W. Horner (1998), Do doctors read forms? A one-year audit of medical certifi-

cates submitted to a crematorium. Journal of the Royal Society of Medicine 91 (7), pp. 371–376
Hughes, S.L., P. Edelman, B. Naughton, R.H. Singer, P. Schuette, G. Liang, and R.W. Chang

(1993), Estimates and determinants of valid self-reports of musculoskeletal disease in the el-
derly. Journal of Aging and Health 5, pp. 244–263

Kannisto, V. (1994), Development of oldest-old mortality, 1950–1990: Evidence from 28 developed
countries. Odense, Denmark: Odense University Press

Kehoe, R., S-Y. Wu, M.C. Leske, and L.T. Chylack (1994), Comparing self-reported and physician-
reported medical history. American Journal of Epidemiology 139, pp. 813–818

Klabunde, C.N., B.B. Reeve, L.C. Harlan, W.W. Davis, and A.L. Potosky (2005), Do patients
consistently report comorbid conditions over time? Medical Care 43, pp. 391–400

Kriegsman, D.M., B.W. Penninx, J.T. van Eijk, A.J. Boeke, and D.J. Deeg (1996), Self-reports and
general practitioner information on the presence of chronic diseases in community dwelling
elderly: A study on the accuracy of patients’ self-reports and on determinants of inaccuracy.
Journal of Clinical Epidemiology 49 (12), pp. 1407–1417

Laditka, J.N. and D.A. Wolf (2004), Duration data from the National Long-Term Care Survey:
a foundation for a dynamic multiple-indicator model of ADL dependency. Center for Policy
Research, Working Paper No. 65. ISSN: 1525–3066. Maxwell School of Citizenship and Public
Affairs, Syracuse University, New York



6 Assessment of Reliability of Mortality and Morbidity 115

Li, Y. (2005), Cause of death of the elderly in China. School of Public Health. Maryland: Johns
Hopkins University

Manton, K.G. and V.L. Lamb (2005), U.S. mortality, life expectancy, and active life expectancy at
advanced ages: trends and forecasts. Paper presented at annual meeting of Population Associ-
ation America, Philadelphia, March 30th–April 2nd, 2005

Marshall, J.R. and S. Graham (1984), Use of dual responses to increase validity of case–control
studies. Journal of Chronic Disease 37, pp. 125–136

Midthjell, K., J. Holmen, A. Bjomdal, and P.G. Lund-Larsen (1992), Is questionnaire information
valid in the study of a chronic disease such as diabetes? the Nerd-Trondelag Diabetes Study.
Journal of Epidemiology and Community Health 46, pp. 537–542

Myers, G.C., V.L. Lamb, and E.M Agree (2003), Patterns of disability change associated with the
epidemiological transition. In: J.M. Robine, C. Jagger, C.D. Mathers, E.M. Crimmins, and R.M.
Suzman (eds.): Determining health expectancies. West Sussex, England: Wiley, pp. 59–74

Robine, J.M. and J.-P. Michel (2004), Looking forward to a general theory on population. Journal
of Gerontology: Medical Sciences 59 (A), pp. 590–597

Satish, S., K.S. Markides, D. Zhang, and J.S. Goodwin (1997), Factors influencing unawareness of
hypertension among older Mexican Americans. Preventive Medicine 26 (5), pp. 645–650

Schrijvers, C.T.M., K. Stronks, D.H. van de Mheen, J.W.W. Coebergh, and J.P. Mack-Enbach
(1994), Validation of cancer prevalence data from a postal survey by comparison with cancer
registry records. American Journal of Epidemiology 139, pp. 408–414

Sprangers, M.A.G. and N.K. Aaronson (1992), The role of health care providers and significant
others in evaluating the quality of life of patients with chronic disease: A review. Journal of
Clinical Epidemiology 45, pp. 743–760

Tang, S.T. and R. McCorkle (2002), Use of family proxies in quality of life research for cancer
patients at the end of life: a literature review. Cancer Investigation 20 (7–8), pp. 1086–1104

Thatcher, A.R., V. Kannisto, and J.W. Vaupel (1998), The force of mortality at ages 80
to 120. Odense: Odense University Press. Online at http://www.demogr.mpg.de/Papers/
Books/Monograph5/ForMort.htm

The United Kingdom General Registry Office (2001), Mortality statistics for England & Wales
1994 and 2000. http://www.gro.gov.uk/gro/content/

Tormo, M.-J., C. Navarro, M.D. Chirlaque, X. Barber, and the EPIC Group of Spain (2000),
Validation of self diagnosis of high blood pressure in a sample of the Spanish EPIC cohort:
overall agreement and predictive values. Journal of Epidemiology and Community Health 54,
pp.221–226

Vallin, J. (1973), La Mortalité par Génération en France. depuis 1899. Paris: Presses Universitaires
de France pp. 483 (Travaux et Documents) (in French)

Vaupel, J.W., J.R. Carey, K. Christensen, T.E. Johnson, A.I. Yashin, N.V. Holm, I.A. Iachine,
V. Kannisto, A.A. Khazaeli, P. Liedo, V.D. Longo, Zeng, Y., K.G. Manton, and J.W. Curtsinger
(1998), Biodemographic trajectories of longevity. Science 280 (5365), pp. 855–860

Vergara, C., A.M. Martin, F. Wang, and S. Horowitz (2004), Awareness about factors that af-
fect the management of hypertension in Puerto Rican patients. Connecticut Medicine 68 (5),
pp. 269–276

Zaslavsky, A.M. and M. J. Buntin (2002), Using survey measures to assess risk selection among
Medicare managed care plans. Inquiry 39 (2), pp. 138–51

Zeng, Y., D. Gu, and K.C. Land (2004), A new method for correcting underestimation of disabled
life expectancy and an application to the Chinese oldest-old. Demography 41 (2), pp. 335–361

Zeng, Y. and J.W. Vaupel (2003), Oldest-old mortality in China. Demographic Research 8,
pp. 215–244

Zhang, Z. and Q. Li (2004), Do possible age-exaggerations in minorities substantially impact the
mortality risk of the oldest-old in the CLHLS? Presented at the workshop on Determinants
of Healthy Longevity in China. Max Planck Institute for Demographic Research (MPIDR),
Rostock, Germany, August 2–4, 2004



Part II
The Effects of Demographic
and Socioeconomic Factors

Introduction by Danan Gu

It has been well documented that health conditions and survival probabilities tend
to decline with increases in age, and that women are disadvantaged in health but
superior in survivorship (Martelin et al. 1998; Suzman et al. 1992; Zeng et al. 2002).
The literature suggests that these differences in healthy longevity are likely due
to socioeconomic status (SES), psychosocial, and behavioral factors, as well as to
genetic components (Lantz et al. 1998; Stuck et al. 1999; Vaupel et al. 1998). With
few exceptions, higher socioeconomic status (SES) is associated with better health
status, lower levels of functional limitations and disability, and lower mortality risk
across both nations and populations (Lynch 2006; von dem Knesebeck et al. 2000;
Zhu and Xie 2007). The few exceptions are perhaps due to problems concerning
the quality of the data, the sample size, measures of SES, and health outcomes
(Martelin et al. 1998). However, despite important progress made in understand-
ing the mechanisms underlying the association between SES and health outcomes
in later life, a significant portion of previous research has seemed to ignore some
important aspects of the impacts of SES on elderly health, such as childhood SES
conditions. Focusing only on adult achieved statuses without any linkages to early
life conditions or family background could well underestimate the influences of
socioeconomic status on healthy longevity and miss important pathways through
which SES affects health outcomes in later life (Preston et al. 1998). Indeed, ex-
posure to life conditions at the various points across the life span may have either
positive or negative effects toward the total stock of health capital, and such effects
may well extend to older ages (Preston et al. 1998; Zeng et al. forthcoming). Alwin
and Wray (2005) have recently articulated a life span perspective on social status
and health and mortality; they contend that healthy longevity is a lifelong process
and is influenced by multiple social contexts throughout the life span.

D. Gu
Center for the Study of Aging and Human Development, Medical School of Duke University,
Durham, NC 27710, USA
e-mail: gudanan@duke.edu

117



118 Part II The Effects of Demographic and Socioeconomic Factors

Part II of this volume contains five chapters that use the survey data of the
Chinese Longitudinal Healthy Longevity Survey (CLHLS) and explore further the
associations between demographic and SES factors and healthy longevity at the very
old ages. Poston and Min (Chap. 7) examine the effects of socio-demographic fac-
tors on mortality risk among 7,234 oldest-old men and women during the period of
1998–2000. They find that most socio-demographic variables are significant, even
after controlling for various health related variables. They also look into the relative
influence of each of these factors on mortality, and their analysis reveals that age is
the most influential factor followed by some ADL factors and martial status. Given
that the oldest-old normally need more social and medical care as compared to the
young elderly, the findings of Chap. 7 are relevant and useful for developing better
welfare policy recommendations concerning the elderly population.

In Chap. 8, Dennis Ahlburg and his colleagues use the 1998 CLHLS wave data
and examine the impacts of childhood health/SES and adulthood SES on multiple
health outcomes measured by Activities of Daily Living (ADL), chronic conditions,
self-rated quality of life, self-rated health, interviewer rated health, and the number
of times an individual suffered from serious illness during the past 2 years. They
find that both childhood health/SES and adulthood SES play significant roles in
determining several health outcomes at very advanced ages, in the presence of de-
mographic, family support, and health practice factors. This indicates the robustness
of the “long-arm” effects of early life conditions on healthy longevity, which is
consistent with previous studies in the literature.

In Chap. 9, Jianmin Li uses data from China’s 1982 census and the 1998 wave
of the CLHLS, and compares the cohort survivorship ratio of the elderly Chinese in
the period of 1982–1998 by different levels of educational attainment using fixed-
attribute dynamics methods. The study finds that educational attainment is positively
associated with survivorship among elderly Chinese, and the association is stronger
for women than for men. According to Li, the protective effects of educational
attainment on survivorship at late ages mainly occur through the enhancement of
income-earning abilities in the labor market, increasing knowledge and the practice
of health habits, and increased access to social welfare.

Zhong Zhao (Chap. 10) uses the 1998–2000–2002 CLHLS panel data and the
CLHLS 2002 cross-sectional data, and analyzes associations between socioeco-
nomic factors and health/mortality from a health capital perspective. Zhao uses the
Grossman Model in which health is treated as capital that depends on investment
and depreciation. Social support and life style are accommodated into the Grossman
framework in Zhao’s important study. Zhao argues that health status at the old ages
is mainly dictated by the stock of health capital and the rate of depreciation. His
study reveals that being in a white-collar occupation and having one’s own bedroom
significantly reduce mortality risk, while current economic resources and educa-
tion play insignificant roles. According to Zhao, having a private bedroom likely
captures the elder’s permanent income and financial capacity. Moreover, current
inputs into the health production function and contemporary changes in behavior
and life style appear only to have incremental effects on the stock of health capital,
which is determined by the individual’s entire history. His analysis further shows
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that the accessibility of medical care services in childhood plays a significant role
in determining health/survival at late ages, indicating that health capital is a kind of
long-term investment. In line with most previous studies, his research finds that age,
sex, urban/rural residence, marital status, and life style factors also play significant
roles in reserving and depleting the stock of health capital at late ages.

Chapter 11 by Rongjun Sun and Yuzhi Liu investigates the effect of social en-
gagement on mortality. In this analysis the authors use data from the first two waves
of the CLHLS. Social engagement is measured by marital status and number of
living children. Involvement in social activities was found to be significantly associ-
ated with a lower risk of mortality among the Chinese oldest-old in the 2-year period
from 1998 to 2000, after accounting for health status, health behaviors, and other
socio-demographic characteristics. The authors further showed that the effects of
marital status and the number of living children do not depend on age; however, the
beneficial effect of social activities on mortality gradually diminished with age, and
was reversed at extremely old ages, when health status, health behaviors, and socio-
demographic characteristics were controlled. The results tend to vary by place of
residence and gender. According to Sun and Liu, retreating from social relations is
not a passive but a positive shift for the very old–old, as narrowing social boundaries
and focusing inwardly is a strategic adaptation that minimizes risks while maximiz-
ing benefits considering their limited resources and lower physical functioning.

We believe that each chapter in this section of the book makes meaningful con-
tributions to the better understanding of the mechanisms of healthy longevity. The
research reported in these chapters also show that the effects of demographic and
socioeconomic factors on healthy longevity deserve further systematic examination.
Perhaps multilevel modeling including macro data at the community level, and ge-
netic data at the molecular level, would be an important next step (Hobcraft 2006).
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Chapter 7
The Effects of Sociodemographic Factors
on the Hazard of Dying Among Chinese
Oldest Old

Dudley L. Poston Jr. and Hosik Min

Abstract The oldest old population of China has grown in size and continues to
increase. The growth is due to the combination of very low levels of fertility and
longer life expectancy in China. However, there is not enough sociological and
demographic literature about oldest old mortality in China. In this chapter we under-
take Cox proportional hazard analyses and examine the effects of sociodemograhic
factors on the hazard of dying among oldest old Chinese. Data on 7,234 oldest old
Chinese who were interviewed in the Chinese Longitudinal Healthy Longevity Sur-
vey (CLHLS) were used in the analyses. The results indicate that sociodemographic
variables such as age, sex, and marital status are strong predictors of the hazard of
dying among the oldest old Chinese after controlling for other health-related vari-
ables. In terms of the relative impact among the covariates, the age variable is the
most influential factor.

Keywords Chinese oldest-old mortality, Cox proportional hazard model, Hazard
of dying, Hazard ratio, Influential factor, Kaplan–Meier Curve, Multicollinearity,
Population aging, Semi-standardized hazard ratio, Sociodemographic factors, Strong
predictors

7.1 Introduction

A common finding in the death and dying literature is that with increasing age,
persons more and more so contemplate the fact of their mortality. Teenagers and
persons in their 20s seldom think about their mortality, or for that matter, death in
general. But when reaching the age of 60 and later, there is an increased tendency
to consider one’s impending mortality. The older one’s age, the more frequent and
intense this consideration and deliberation (Aiken 2001: 252–257; Quadagno 1999:
304–305).
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These reflections about one’s mortality are typically based on anecdotal evidence
and newspaper stories about people who are dying or have died. There is little em-
pirical evidence available about the actual hazard of dying among old people.

The Chinese Longitudinal Healthy Longevity Survey (CLHLS) provides a unique
set of data to demographers enabling the development of empirical answers to ques-
tions about the older people’s likelihood of dying, specifically the statistical hazard
of death. The CLHLS is a multistage, stratified cluster survey of elderly respondents
conducted in 631 randomly selected cities and counties in 22 provinces of China
where the Han comprise the large majority. Although there is a rich literature on
the hazard of dying, there is not much information at all about the hazard of dying
among older people.

This chapter examines the hazard of dying among elderly Chinese males and
females during the period of 1998–2000. Data for 7,234 male and female elderly
Chinese who were interviewed in the CLHLS are used. These persons were of age
80 or older at the time of the first interview in 1998. By the time of the follow-up
interview in 2000, 39 percent of them had died. After describing the hazard for
different subgroups of the elderly Chinese, the effects on the hazard of dying of
various sociodemographic factors are considered; these include factors such as age,
sex, urban–rural residence at birth and at the time of the initial interview, nationality,
marital status, education, daily activities, and self-rated health status. Before under-
taking the hazard analyses, we estimate a survival curve to see the probabilities of
surviving the hazard of death for each month of analysis time. We then show that
many of the sociodemographic factors have important and significant effects on the
hazard of death for oldest old Chinese.

7.2 Prior Studies

In this chapter we study the hazard of dying among elderly Chinese. The size of the
population of elderly Chinese has increased enormously in the last few decades and
will grow even more so in the future (Poston and Duan 2000; Zeng et al. 2002). Zeng
and George (2000) note that the numbers of Chinese elderly will reach 330 million
by the year 2050. Using United Nations projection data, Poston et al. (2004) report
that of the almost two billion persons age 60 or greater projected to be living in the
world in 2050, 418 million of them (nearly 22 percent) will be residing in China.

Irrespective of the set of projections that are used, they all indicate that the num-
bers of elderly in China have increased and will continue to do so. There are two
main reasons: the dramatic fertility decline and the mortality reduction. For exam-
ple, the total fertility rate in China was around 6.0 in the 1960s, and fell to under
2.0 in the 1990s (Poston 2000). This rapid fertility reduction has led to significant
increases in the older population in China. Zeng (1989) projected that the elderly in
China will comprise more than 20 percent of the population by 2050.

Hazard models are especially useful in the study of mortality mainly because
time is involved in the nonoccurrence, and ultimately the occurrence, of one’s death.
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Hazard regression enables the researcher to examine the effects of covariates (inde-
pendent variables) on the likelihood of experiencing death, while considering the
factor of time. Hazard models have shown that variables such as age, sex, and
race/ethnicity are influential predictors. There has not been an abundance of studies
using hazard models in Chinese mortality. However, there are several analyses of
Chinese mortality. Indeed Zeng et al. (2001) have reported that the dynamics of
Chinese mortality are similar to those in other countries.

Among the variables mentioned above, age has been the most important fac-
tor in mortality. By improving medical care and standard of living, life expectancy
lengthened significantly during the last century. Thus, most people now die by de-
generative diseases, and not in their young ages (Quadagno 1999). Hence, when one
looks at mortality by age, one usually finds a rectangular curve, which shows that
mortality is high at the first year after birth, then drops down to almost zero for the
next several decades of life, and then begins to increase again, usually after the age
of 50 or 60 (Rowland 2003). For the oldest old, an additional year of age exactly
increases the probability of death.

Generally, women have better survival probabilities than men (Liang et al. 2003;
Rogers et al. 2000) for both biological and behavioral reasons. Women have genetic
and hormonal advantages over men, and men often engage in more risk-taking be-
haviors compared to women. Women compared to men, however, are usually disad-
vantaged on socioeconomic factors that are related with mortality such as education
and employment. These findings hold for the Chinese. Several scholars (Hao 1995;
Xie 1996; see also Zeng et al. 2003) show that women live longer than men and that
female mortality is lower than male mortality at most ages. In addition, Hao (1995),
Yang (1986), and Zeng and Vaupel (2002) found that the higher mortality for men
holds for the Chinese elderly.

Like women, minorities are also disadvantaged with regard to physical survival.
Often they have lower levels of education and income. Hummer et al. (2000) found
that minorities had higher mortality hazard rates than whites in the U.S. And Yusuf
and Byrnes (1994) found the same results in China. The mortality of minorities in
China was substantially higher than that for the Han. Xiong (1989) suggested that
the lack of medical facilities and unhygienic conditions contributed to the higher
mortality for minorities. He also reported that the mortality gap between minorities
and the majority has been declining since the 1950s, but there is still a differential.

Marital status also influences mortality for several reasons. Trovato and Lauri
(1989) argued that married couples are the most advantaged; they tend to have
higher levels of social integration, greater reinforcement of healthy behaviors, and
more economic resources. In contrast, divorced and widowed persons tend to expe-
rience more stress and emotional difficulties, leading to a relatively greater risk of
dying. Campbell and Lee (1996) have reported that widowers have higher mortality
than the currently married. Also, a mere change in marital status frequently results
in increased stress and depression leading people to a higher hazard of death (Liang
et al. 2003; Zick and Smith 1991).

Regarding residence, demographers have shown that urban dwellers have life
expectancy advantages over rural dwellers (Fang 1993). This is largely due to the
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lack of health care service facilities, and less knowledge among rural residents about
hygiene, diet, and health.

Several studies have reported other influential factors on Chinese mortality. For
instance, socioeconomic status has also been shown to be very influential. More
educated people have lower mortality (Xie 1996). Liu and Zhang 2004) show that
among elderly Chinese, the higher the level of education, the better the health of the
respondents, and thus, the better their survival probabilities.

7.3 Data and Methods

In this chapter we use data from the Chinese Longitudinal Healthy Longevity Survey
(CLHLS). The CLHLS is a data-set dealing with the oldest old in China. Of the three
surveys that have been conducted (in 1998, 2000, and 2002), we use the cohort data
derived from the first two waves. Over 9,000 persons were interviewed in 1998; of
these, 4,831 were reinterviewed in 2000. Although 3,368 of the respondents died
between 1998 and 2000, information about the decedents (particularly their dates
of death) is available. However, almost 900 respondents were lost and are thus not
available for follow up in 2000. After taking into consideration other issues of miss-
ing data (because data on a few questions from the same respondents were missing
or not available), we have available for analysis data on 7,234 persons, 39 percent
of whom died in the 1998–2000 interval.

We undertake hazard analyses of the probability of dying between 1998 and 2000
for those 7,234 men and women who were interviewed in 1998. The dependent vari-
able is a time-variant variable, namely, whether respondents who were interviewed
in 1998 will pass away or not by the year 2000. The main advantage of hazard
models is that they can analyze these time-dependent and -independent variables
together (Allison 1984; Cleves et al. 2002). As previously mentioned, the dependent
variable deals with whether respondents who were interviewed in 1998 will die or
not by 2000. The analysis will take into account the number of months of time from
the previous interview to the time of death or another interview in 2000.

The survival-time data consist of two variables; one is a dummy variable for each
person indicating whether or not the event of death occurred during the observation
period; the second is a variable measuring the number of months that have elapsed
since the date of the interview in 1998 and the date of either the person’s death, or
the reinterview in 2000.

We first describe the survivor data for the 7,234 persons by graphing Kaplan–Meier
(K–M) survival curves (Hamilton 1998; Kaplan and Meier 1958). Let nt represent the
number of persons who have not died and are not censored at the beginning of time
period t , and dt represent the number who die during time period t . The formula
(below) is the Kaplan–Meier estimator of surviving beyond time t (i.e., not dying),
and is the product of survival probabilities in t and the preceding periods:

S(t) =
t∏

j=t0

{(n j − d j) / n j } (7.1)
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After describing the survival data for the 7,234 respondents, we next use Cox’s
partial-likelihood method to estimate a continuous time proportional hazards model
of the hazard of death in the interval between 1998 and 2000. The Cox proportional
hazards model assumes the following form when all the independent variables (co-
variates) are time-independent, that is, when their values do not change over time,
as is the situation in this analysis:

log h(t) = log h0(t) + b1x1 + ... + bk xk (7.2)

where h0(t) is an unspecified function of time t , and x1 to xk are sociodemographic
covariates (independent variables), and b1 to bk are the parameters to be estimated.
One feature of the Cox model that makes it so attractive is that the function of time
does not have to be specified.

The dependent variable, log h(t), is the hazard rate, which is an unobserved value
gauging the instantaneous probability that a respondent will die during the interval
since the interview in 1998 (Allison 1984; Yamaguchi 1991).

The independent variables are the respondent’s sex (male/female), nationality
(Han/non-Han), unmarried (yes/no),1 born in a rural area (yes/no), living in a rural
area in 1998 (yes/no), educational attainment, age, limitations in daily activities
such as bathing (yes/no), dressing (yes/no), continence (yes/no), feeding (yes/no),
transferring (yes/no), and his/her self-rated health status (a 5-point scale scored as
1, Very bad; 2, Bad; 3, So-so; 4, Good; and 5, Very good).2

7.4 Results

We first describe the survival data for the entire population of elderly Chinese. In
Figure 7.1 we have graphed a Kaplan–Meier survival curve of the probability of
surviving death, S(t), against the number of months between the date of the 1998
interview and the date of death. The K–M survival curve shows the probabilities of
surviving the hazard of death for each month of analysis time. The K–M survival
curve only describes the survival data. No covariates are considered in the calcula-
tion of the K–M curve. The curve steps down from a probability of 1.0 of surviving
death during the month of the 1998 interview, to a probability near 0.75 by about
the 30th month.

Now we turn next to estimating a Cox proportional hazard equation of the prob-
ability of dying among the oldest old Chinese. We present the descriptive statistics
first, and then, the results from hazard analyses that model the transition of Chinese
oldest old from being alive to dying during the 1998–2000 period. The results also

1 Due to a small percentage of “separated” (1.27 percent) and “divorced” (0.66 percent) in the
marital status variable, we combined these into “unmarried.”
2 We included several health-related variables in the model to see if sociodemographic factors
hold even after controlling for these variables. We, however, excluded some health-related variables
such as toileting and previous illness experiences due to high multicollinearity (see later discussion
in the text).
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Fig. 7.1 Kaplan–Meier survival curve of the probability of surviving death by month: 7,234 oldest
old persons, China, 1998–2000

present the semi-standardized hazard ratios to distinguish the relative impacts of the
covariates on the hazard of dying.

Among the 7,234 Chinese oldest old in the sample, 39 percent of them were
reported as died (see Table 7.1). The mean duration time at the risk of the hazard
of dying was 21 months. However, one should keep in mind that this duration time
also includes censoring for the Chinese oldest old who did not die during the survey
period. Almost 60 percent of them were females. Over 90 percent of them were Han.
Two thirds of them were living in rural areas (64 percent). Most of them were born
in rural areas (86 percent). Over two thirds of them had no formal education, and
were thus illiterate. One out of four had an elementary school education. A total of
8 percent of them had junior high and more education. The majority of the sample
were unmarried (83 percent). Due to their old age, most of them were widowed.
Regarding their age, 41 percent of the sample were in their 80s, 35 percent in their
90s, and the rest of them were centenarians.

For the most part, the Chinese oldest old had few limitations on their daily ac-
tivities. For example, 29 percent of them had limitations on bathing, 15 percent of
them had limitations on dressing, 7 percent of them had continence limitations, 10
percent had feeding limitations, and 14 percent had limitation on transferring. On
average, the Chinese oldest old self-reported their health with a score of 3.6 (on a
scale of 1.0–5.0), indicating that most of them were in fairly good health. Only 9
percent of them reported their health as bad or very bad, 43 percent as normal, and
almost half of them (48 percent) as good or very good.
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Table 7.1 Descriptive statistics for 7,234 oldest old persons, China, 1998–2000

Variable Percentage

Durationa Months 21.1 Max: 29 min: 0
Died Yes = 1 38.6
Female Yes = 1 58.7
Han Yes = 1 92.2
Rural residence Yes = 1 64.3
Rural birth Yes = 1 85.9
Education Years
Illiterate 67.2
Elementary 25.0
Junior high + 7.8
Unmarried Yes = 1 83.4
Age group
80s 40.9
90s 34.8
100s 24.3
Bathing limitations Yes = 1 28.8
Dressing limitations Yes = 1 14.6
Continence limitations Yes = 1 7.3
Feeding limitations Yes = 1 9.7
Transferring limitations Yes = 1 13.8

Self-rated Healthb 3.6 Max: 5 min: 1
a Mean
b Mean, measured on 5-point scale

The Cox proportional hazard equation predicts the hazard of dying during the
1998–2000 interval, using the covariates of respondent’s sex (male/female), nation-
ality (Han/non-Han), unmarried (yes/no), born in a rural area (yes/no), living in a
rural area in 1998 (yes/no), educational attainment, age, bathing (yes/no), dressing
(yes/no), continence (yes/no), feeding (yes/no), transferring (yes/no), and self-rated
health status.

Before conducting the hazard analysis, we ascertain whether there is significant
multicollinearity present among the independent variables. An accepted way for
detecting multicollinearity is to calculate the tolerance level of each independent
variable. The tolerance level is calculated by regressing the independent variables
on each of the other independent variables, one at a time, and subtracting the re-
sulting R2 value from 1. This value is known as the “tolerance,” or the amount of
independent variation, of the X variable (see Hamilton 1992: 133–134). So if the
R2 of the X variables regressed on another X variables is 0.75, this means that the
X variable has a tolerance of 0.25, that is, that 25 percent of the variation in that
particular X variable is independent of the other X variables in the model. Hence,
the lower the tolerance, the more worried we should be about multicollinearity. In
general, one ought to be worried if any of the tolerances is less than around 0.40.
The statistical tolerances of the independent variables in this study are all above
0.44, with a mean tolerance of 0.75. Thus, there is no major problem regarding
collinearity of the covariates.
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Table 7.2 Cox proportional hazard model estimates of the effect of sociodemographic covariates,
on the hazard of dying: 7,234 oldest old persons, China, 1998–2000

Variable Hazard
coefficients

Z -score p-value Hazard
ratio

Semi-standardized
hazard ratio

Female −0.54 −5.95 * 0.58 0.76
Han −0.12 −0.83 0.89 0.97
Rural residence −0.07 −0.85 0.93 0.97
Rural birth 0.07 0.68 1.08 1.03
Education −0.04 −3.12 ** 0.96 0.88
Unmarried 0.35 3.16 ** 1.41 1.14
Age group 0.61 9.24 * 1.84 1.62
Bathing limitations 0.20 1.76 1.23 1.10
Dressing limitations 0.37 2.01 *** 1.45 1.14
Continence limitations 0.37 2.38 *** 1.45 1.10
Feeding limitations 0.03 0.14 1.03 1.01
Transferring limitations 0.45 2.15 *** 1.57 1.17
Self-rated health −0.20 −4.09 * 0.82 0.85

Final log likelihood −13064.086
Likelihood ratio X2 364.11 p = 0.000

* p < 0.000; ** p < 0.01; *** p < 0.05

Table 7.2 reports the Cox proportional hazard estimates of the effects of the so-
ciodemographic independent variables on the hazard of dying for the 7,234 oldest
old Chinese respondents. The most important result in Table 7.2 is the very high and
positive hazard coefficient for the age group variable. Among the oldest-old Chinese
respondents in the sample, this variable has a coefficient of 0.61 (see Table 7.2). The
older the respondent, the more likely he/she will experience the hazard of death,
controlling for the effects of the other covariates in the equation. That is, this positive
and significant hazard coefficient is net of the effects on the probability of dying of
the other covariates of sex, nationality, rural residence, rural birth, education, marital
status, daily activities, and self-rated health.

If we exponentiate the values of the hazard coefficients, that is, take their antilogs,
we get hazard ratios (these are shown in the third column of data in Table 7.2). These
exponentiated coefficients may be interpreted as follows: for each unit increase in
the covariate, the hazard is multiplied by its exponentiated coefficient. Thus, if we
compute 100(eb – 1), we get the percentage change in the hazard with each one unit
change in the explanatory variable.

The age group variable has a hazard ratio of 1.84. This means that moving from
one age group to the next, say from an age in the 80s to an age in the 90s, increases
the hazard of dying by 84 percent, or [100 (1.84 – 1 = 0.84)] = 84.

The results in the Cox model of the effects on dying of the other covariates con-
firm many of the hypotheses we set forth and discussed above. Females have a lower
hazard of dying compared to males. The female variable has a hazard ratio of 0.58,
meaning that females compared to males have a 42 percent lower hazard of dying.
The more educated oldest old Chinese are 4 percent less likely to die compared to
the less educated. Unmarried oldest Chinese persons have a hazard of dying that
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is 41 percent higher than that of married ones. Regarding health-related variables,
people who have a limitation on dressing are 45 percent more likely to die compared
to people who do not have such a limitation. People who have continence limitations
are 45 percent more likely to die compared to those who do not. People who have
limitations on transferring are 57 percent more likely to die compared to people do
not have such limitations. Also, people who reported their health as good have an
18 percent lower hazard of dying than people who reported their health as bad.

Several of the hazard coefficients are not significantly different from zero,
namely, Han, rural residence, rural birth, bathing, and feeding. For instance, among
the oldest ages, minorities do not seem to have an advantage over the majority. That
is, we do not find evidence here of the so-called mortality crossover. In many other
populations, it has been found that prior to reaching their 80s, the majority group has
the higher survival probabilities; during their 80s and thereafter, the minority group
has the higher probabilities. For instance, in the U.S., there is a crossover between
the survival probabilities of African Americans and Caucasian Americans at about
age 87 or 88 (Nam 1995; Rogers et al. 2000: 66). However, we cannot state here
that Chinese minorities experience a mortality crossover.

We ask now about the relative impacts of the covariates on the hazard of dying.
One way of assessing such impacts on the hazard is to raise the hazard ratio of each
covariate to the power of one standard deviation (Rabe-Hesketh and Everitt 2004:
223). We have produced such semi-standardized hazard ratios and present them in
the last column of data in Table 7.2. Although there is a problem in the interpretation
of the meaning of semi-standardized hazard ratios when the covariate is a dummy
variable (cf. Long 1997), their values nevertheless indicate the relative effects of the
covariates on the hazard of dying.

The semi-standardized hazard ratios indicate that the most influential covariate is
that pertaining to age. When the age group variable is raised by one standard devia-
tion, the hazard of dying increases by 62 percent. Variables such as transferring and
dressing, which are related to daily activities, have the next most influential relative
effects on the hazard of dying. The marital status variable is tied with the dressing
limitation as having the next most influential relative effect on the hazard of dying.

7.5 Summary

In this chapter we have examined the effects of sociodemographic factors on the
hazard of dying among oldest old Chinese during the period of 1998–2000. Data
for 7,234 male and female elderly Chinese who were interviewed in the CLHLS
were used. These persons were of age 80 or older at the time of the first interview in
1998. By the time of the follow-up interview in 2000, 39 percent had died. We first
described the survival data by estimating a Kaplan–Meier survival curve to appraise
the dynamics of longevity for the elderly Chinese.

A straightforward Cox proportional hazard model was then estimated using so-
ciodemographic variables such as age, sex, urban–rural residence at birth and at time
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of the initial interview, nationality, marital status, education, and some health-related
variables. Most of the sociodemographic variables were significant, even after con-
trolling for the several health-related variables. The relative effects of the various
sociodemographic factors on the hazard of dying were calculated and appraised.
Age was the most influential among the sociodemographic factors, and then, health-
related variables such as transferring and dressing and, then, martial status.

There are several implications from this research. First, it is worthwhile to study
the mortality of the oldest old; this is justified in part because of the increasing
importance of oldest old population in China. In addition, it is beneficial to study
oldest old people who usually need more social and medical care because they have
become more vulnerable with regard to death compared to the younger elderly. Sec-
ond, as we already know, death is not only a biological process, but also a social
outcome. The better the sociodemographic position, the lower the morality. Finding
significant sociodemographic factors that influence mortality may help to develop
better welfare policy. Finally, in future analysis, we need to compare the trends and
patterns of the younger elderly with those of the oldest elderly to give us insights
about the importance of sociodemographic factors on the hazard of death.
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Chapter 8
When I’m 104: The Determinants of Healthy
Longevity Among the Oldest-Old in China

D.A. Ahlburg, E. Jensen and R. Liao

Abstract This chapter uses the first wave of the Chinese Longitudinal Healthy
Longevity Survey to investigate the health status of the oldest-old in China. We
found that the different measures of health collected in the survey were only mod-
erately related. That is, there is not a single construct called “health.” We found
that work history was modestly related to some measures of health. We also found
that childhood health and socioeconomic status were correlated with health even at
advanced ages. To the best of our knowledge, this is the first study to examine this
connection in developing countries and at such advanced ages.

Keywords Aging, Childhood socioeconomic status, Chronic conditions,
Determinants, Functional limitations, Global health, Health status, Healthy longe-
vity, Interviewer’s assessment, Multidimensional concept, Oldest-old, Personality,
Physical health measures, Quality of life, Regional differences, Self-rated health,
Socioeconomic factors, Socioeconomic status, Subjective measures of health

8.1 Introduction

Forty years ago Lennon and McCartney speculated about what it would be like to
be 64. Today it is appropriate to speculate about what it will be like to be 84 and
not too far-fetched to contemplate one’s state of well-being at 104. Such specu-
lations are particularly relevant in China where the predicted rapid growth of the
“oldest-old” (those aged 80 and older) has raised a number of social and economic
concerns for individuals, families, and the state. The population of oldest-old is
conservatively predicted to increase from about 12 million currently to 27 million
in 2020 to about 100 million in 2050 (United Nations 2001). Concern over aging
in China is based on the fact that the oldest-old consume a disproportionate share
of medical care, social services, personal assistance, and government and private
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transfers because the ability to lead an active daily life declines and disability rates
increase dramatically with age (Zeng et al. 2002).

Relatively little is known about the health status of the elderly in developing
nations and almost nothing about the numbers or health of the oldest-old. One ex-
ception is China where an international collaborative study of the oldest-old was
initiated in 1997 (Zeng et al. 2001). The analysis in this chapter uses data from
this collaboration to investigate different measures of health that reflect “healthy
longevity” and the social, behavioral, and economic factors associated with these
measures of health. A better understanding of these factors should allow better pre-
dictions of the likely impact of the rapid growth of the oldest-old population on
private and public resources in China.

8.2 Data

The Chinese Longitudinal Healthy Longevity Survey (CLHLS) was conducted in
1998 in 631 randomly selected counties and cities in 22 provinces that are pre-
dominantly Han Chinese. This sampling strategy was chosen because age reporting,
particularly at the older ages, among Han Chinese tends to be very accurate (Coale
and Li 1991; Wang et al. 1997; also see some chapters in Part I of this volume).
The survey collected extensive demographic, socioeconomic, health, and lifestyle
data on those aged 80 and above. Because Wang et al. (1997: 94) found that age
reporting among semi-super and super-centenarians is questionable, we restrict our
study to those between 80 and 105 years of age. Ninety three percent of the sample
is Han, 4.4 percent Zhuang, and 1.3 percent Hui. For a detailed description of the
data and sampling procedures see Zeng et al. (2001, 2002).

8.3 Measure of Health

There is no universally agreed upon measure of health status because health is gener-
ally not directly observable. Health status is often thought of as a multidimensional
concept which “reduce(s) to a single statistic or two, only with great difficulty”
(Murray 2000: 512). Various measures of health have been used by researchers at
both the micro-level and the macro-level of analysis. Generally speaking, health
measures can be roughly categorized in three dimensions: subjective/objective;
physical/psychological; and global/specific. However, these three dimensions are
often intertwined (Miller 2001).

Subjective measures of health (self-rated health) represent subjective feelings
about wellness or illness which are generally obtained by asking subjects to rate
their own health conditions. Many researchers agree on the validity of self-rated
health as a health measure because they have found that self-rated health is highly
correlated with objective measures, such as clinical measures of morbidity, and it
is a good predictor of mortality (Dwyer and Mitchell 1999; Farmer and Ferraro
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1997; Geronimus et al. 2001; Idler and Benyamini 1997; Lynch 2003; Schoenfeld
et al. 1994).

Many health studies include only physical health measures, like functional
limitations, chronic conditions, physical fitness (Malina 2001), Body Mass Index
(Murray 2000), or adulthood height (Murray 2000). A few also include measures
of psychological health, such as depression (e.g., Karasek 1990; Lennon 1994).
Among the physical heath measures, functional limitations and chronic conditions
are most often-used. Functional limitations include three types of disabilities: dis-
ability in work, in mobility, and in personal activities (e.g., Geronimus 2001).
Chronic conditions generally cover the most common health problems that threaten
survival, function, and quality of life: heart disease, high blood pressure, lung
disease like emphysema or lung cancer, breast cancer, any other type of cancer,
diabetes, arthritis or rheumatism, osteoporosis (brittle bones), allergies or asthma,
and ulcers, ulcerative colitis, or other digestive problems. Introducing psychological
well-being into measures of health contributes to the literature on health measures
by focusing researchers’ attention on psychological health issues. However, it con-
founds the study of health effects because depression and other measures of psycho-
logical well-being often lead to physical ailments (Hayward et al. 2000).

Global health measures refer to a composite measure containing information on
different aspects of a person or a group of persons’ health status, for example, global
self-rated measure of overall health status, a person’s number of chronic conditions,
or an index formed from several health measures (Mirowsky and Ross 2001; Ross
and Wu 1995). In contrast, specific health measures are used to probe the effects on
specific diseases, impairments and disabilities (Hayward et al. 2000).

In this study, we employed six measures of health: self-reported health
(selfhealth); Activities of Daily Living (ADL); chronic conditions (diseasestatus);
self-reported quality of life (selfqol); objective health status (intvhealth) and the
number of times an individual has suffered from serious illness during the past
2 years (illness). The question “How do you rate your health at present?” was ad-
dressed to each subject to assess their self-reported health. The respondent chose one
of the following answers: “very good,” “good,” “so-so,” “bad,” or “very bad.” Since
only a small percentage of people reported “very bad” (0.57 percent) and “bad”
(8.43 percent), we combined these two groups and formed a four-scale self-reported
health measure.

Measurement of ADL indicates an individual’s functional capacity with respect
to eating, dressing, getting in and out of a bed or chair, using the toilet, bathing,
and continence (e.g., Katz et al. 1983; Zeng et al. 2002). Respondents were asked
whether they have difficulties in (1) bathing, (2) dressing, (3) toilet, (4) transfer, (5)
continence, and (6) feeding. Various ADLs are collinear to some degree because of
co-morbidity which, in older populations, often occurs as a multiplicity of disease
conditions rather than as a single form of co-morbidity (Kaplan et al. 1999). This
collinearity recommends some form of combination of ADLs into more compact
measures. We follow the suggestion of Zeng et al. (2002) who classified an individ-
ual as “active” if he or she needs no assistance in any ADL; as “mildly disabled” if
he or she needs assistance in one or two ADLs; and as “severely disabled” if he or
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she needs assistance in at least three of these ADLs. They use ADLs as an indicator
of functional capacity because they are “a reasonable proxy of health status, and a
key element in attempts to measure quality of life” (Zeng et al. 2002: 264). ADLs
are also closely related to care giving needs and health care use.

The measurement of chronic conditions is based on the respondent’s answer to
the question “Are you suffering from any of the following (chronic diseases)” and
do you have a “disability in daily life (due to the chronic disease).” The types of
chronic diseases listed in the survey include: (1) hypertension, (2) diabetes, (3) heart
disease, (4) stroke, cerebrovascular disease, (5) bronchitis, pulmonary emphysema,
asthma, pneumonia, (6) pulmonary tuberculosis, (7) cataract, (8) glaucoma, (9) can-
cer, (10) prostate tumor, (11) gastric or duodenal ulcer, (12) Parkinson’s disease,
(13) bedsore, and (14) others. The respondent is classified as “well” if none of
the above chronic diseases caused a disability in daily life; if he or she suffered
a disability from any chronic disease, the individual is classified as having a “mild
chronic condition”; “severe chronic condition” refers to an individual who suffered
a disability from two or more chronic diseases.

Self-reported quality of life is measured by asking the respondent “How do you
rate your life at present” in terms of “very good,” “good,” “so-so,” “bad,” and “very
bad,” Only a small percentage of people reported “very bad” (0.21 percent) and
“bad” (2.83 percent), so we combined these two groups and formed a four-scale
measure of quality of life. The respondents were also asked whether and to what
extent they suffered from a serious illness in the past 2 years. The survey question
was “how many times have you suffered a serious illness which required hospital-
ization or caused you to be bedridden at home in the past 2 years?” The individual
was classified as having “no serious illness” if he or she answered no serious illness;
“some serious illness” if he or she reported some serious illness that did not cause
the individual to be permanently bedridden; and the respondent was classified as
“bedridden all year around” if that was the response given.

At the end of the survey, the interviewer was asked whether “the interviewee was:
‘surprisingly healthy (almost no obvious ailments)’; or ‘relatively healthy (only mi-
nor ailments)’; or ‘moderately ill (moderate degrees of major ailments or illnesses)’;
or ‘very ill (major ailments or diseases, bedridden, etc.).”’ Our “objective” measure
of health status was thus based on the interviewer’s assessment of the respondent’s
health status.

The majority of measures of health refer to prevalence or incidence but provide
little information on severity. The count measures for ADLs and chronic diseases
used here do capture severity to some extent. Because of co-morbidity, people with
more severe symptoms tend to score higher on counts of ill-health conditions and
ADLs (Dwyer and Mitchell 1999).

The distribution of the different health measures is shown in Table 8.1. Almost
two-thirds of the respondents report no ADL constraints, and ninety percent report
no serious illnesses, although over half report at least one or more chronic diseases.
Although 57 percent report that their health is good or very good, 74 percent re-
port that their quality of life is good or very good. Clearly, while good health is
valued, it is not a necessary prerequisite to having a good quality of life; his may
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Table 8.1 Distribution of health measures
Health measures Percent

ADL Status
Severe disability 18.24
Mild disability 18.93
Active 62.83

Disease Status
Two or more illnesses 23.87
One illness 30.37
Well 45.76

Interviewer health rating
Very ill 4.27
Moderately ill 11.19
Relatively ill 43.74
Surprisingly healthy 40.80

Self-reported health
Bad 9.01
So-so 33.94
Good 44.29
Very good 12.76

Illnesses
Bedridden 4.36
Some serious illness 6.42
No serious illness 89.22

Self-reported quality of life
Bad 3.01
So-so 23.11
Good 56.10
Very good 17.75

speak to respondents’ expectations about their health status. Interviewer’s rating
of respondent health appears to be heavily influenced by the respondent’s disease
status.

We investigated the correlation structure of the six measures of health used here
to see if they could be combined to constitute a single measure of health status. The
correlation structure and results of a factor analysis are shown in Table 8.2. In gen-
eral, the correlations among the various measures are low. The correlations among
the more objective measures are 0.2 to 0.3 and the correlation between self-rated
health and quality of life is 0.43. Clearly, respondents value more than just good
health. The correlations between quality of life and objective measures of health
are very low. Thus, respondents’ quality of life seems to be affected more by their
subjective evaluation than by their objective evaluation of their health. Based on
the correlations, it appears that the interviewers weigh both objective measures of
health and the respondent’s own evaluation in forming their view of the respondent’s
health. The first eigenvalue is only slightly greater than 1.0 and no other eigenvalue
is greater than 1.0, so the factor-analytic evidence to suggest a single health measure
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is weak.1 The results suggest that the different measures of health collected in the
survey capture different aspects of health status, and that they cannot be combined
into a single measure of health.

8.4 Factors Associated with Healthy Longevity

Work history may affect morbidity and mortality through the type of work per-
formed, the working conditions, or the fringe benefits associated with work, such
as access to health care facilities or health insurance. Early studies of the effects
of work on morbidity or mortality estimated occupational effects and assumed that
any such differences were due to differences in the physical conditions encountered
in different occupations such as pollution or risk of occupational injury. However,
a more nuanced view is now taken. Occupations can differ on complexity (creativ-
ity, autonomy, and cognitive-skill demands), physical and environmental demands,
social skill demands, and manipulative skill demands (Hayward and Gorman 2004;
Karasek 1990; Marmot et al. 1997; Moore and Hayward 1990). Job complexity
and job control emerge as having positive effects on health, though we note that it
also is possible that occupation is a proxy for lifetime earnings (Zissimopoulus and
Karoly 2003).

In this research undertaken here we investigate the effects of work through two
variables in addition to a set of occupational indicators. Respondents were asked
whether they had ever undertaken any physical work and, if so, when they started
and when they stopped. A dummy variable was created for “ever did physical
work,” and a continuous variable for years of physical work was constructed. The
occupational categories were: professional or government (7.4 percent), industrial
(6.8 percent), commercial or service (9.1 percent), military or other (2.2 percent),
housework (19.3 percent), and agriculture, forestry, or fisheries (55.2 percent, the
excluded category in the regressions).

Some research suggests that adult morbidity is related to childhood life cir-
cumstances (in utero environment, nutrition, exposure to infectious diseases and
environmental toxins, social and economic deprivation).2 Initially, the effects were
thought to be indirect and negative: childhood socioeconomic status (CSES) af-
fects adult SES (ASES) which directly affects health (Kuh and Wadsworth 1993).
Hayward and Gorman (2004) suggest that CSES can also affect education, and that
CSES and education shape preferences for major lifestyle behaviors such as smok-
ing, drinking, diet, and exercise which affect health. Recent research has suggested
that there may also be direct effects of childhood health even after controlling for

1 Only respondent and interviewer global health reports have factor loadings of 0.6 or above, gen-
erally taken as the cut-off level to be considered as loading on a factor.
2 See, for example, Elo and Preston (1992), Fogel (1993), Kuh and Ben-Shlomo (1997), Hayward
et al. (2000), Blackwell et al. (2001), and Hayward and Gorman (2004).



140 D.A. Ahlburg et al.

CSES and ASES.3 Blackwell et al. (2001) found that the type of childhood illness
differentially affects adult health. What matters most are infectious diseases. The
importance of these findings is that health care policies targeted at children can
have considerable long-term benefits for adult health.

We capture childhood health and socioeconomic conditions with a number of
variables. Respondents were asked whether they were sick enough as a child to
require care (childhood illness), and whether they went to bed hungry as a child
(nutrition). These variables were coded one if the answer was “yes.” Almost half
of the sample reported being sick enough in childhood to require care, and 56 per-
cent reported that they often went to bed hungry when a child. We also included
a variable for the respondent’s parity, because a number of studies in developed
and developing countries have found that later children received a smaller share of
household resources than earlier children; and they may suffer higher morbidity as
a consequence. Childhood SES is proxied for by the father’s occupation. Preston
and Haines (1991) found that rates of infant mortality in the US in 1900–1910 were
lowest in households in which the father was a farmer or a salesman and in which
at least one parent was literate. We lack information on other potentially useful
measures of CSES, such as parent’s education and childhood household income.
We do, however, have information from the respondents as to whether they received
inadequate care when sick as a child. Fully 16.5 percent of the respondents had been
sick enough as a child to require care but did not receive it. This variable should
indicate a deprived childhood, either socially or economically, or residence in an
area that lacked medical facilities. In an effort to control for the latter possibility we
include a set of region of birth dummy variables and an urban/rural dummy variable.

Finally, regional differences in socio-economic factors and in the interpretation
of the survey’s health questions may occur between areas. There may also be ur-
ban/rural differences in the disease environment, so we include indicator variables
for urban childhood residence and province of childhood residence in our regression
analyses.

A number of other factors may affect longevity and are controlled for in our
study. Health declines with age and may do so “quickly” for ADLs for the oldest-
old and “slightly or moderately” for their self-rated health (Zeng et al. 2002). Zeng
and Vaupel (2002) found that satisfaction with current life was almost unchanged
between ages 80 and 94 years but declined slightly after that. Thus we add an age
variable to our regression equations and also test for non-linear age effects by in-
cluding age squared. Zeng et al. (2002) also find the health of oldest-old men to
be better than that of women and speculate that this could reflect the fact that men
work outdoors and therefore increase their capacity for maintaining the capabili-
ties of daily living. It is also possible that the male advantage comes from higher
education, pension, and income or the adverse selection of more frail males.

Education may affect health through its impact on risk taking, deferring grat-
ification, and sense of control over one’s environment (Elo and Preston 1992) or

3 See, e.g., Blackwell et al. (2001); Kuh and Wadsworth (1993); Martyn et al. (1996).
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through its impact on preferences for lifestyle behaviors and its impact on adult
socioeconomic achievement (Hayward et al. 2000). We use a set of dummy vari-
ables to measure education. The categories are: zero (excluded category), few years
(1–3 years), some (4–6 years), more (7–9 years), and well-educated (10 or more
years).

We also control for a number of lifestyle variables that may be related to health,
including having ever smoked, drank alcohol, or exercised. The survey asked re-
spondents if their marriage had been “happy,” “so-so,” or “bad,” If there is an effect
of marriage on the morbidity of the oldest-old, we would expect to find lower mor-
bidity and higher reports of quality of life among those who report being happily
married.

Few studies of health investigate the impact of personality on health. An ex-
ception is Hayward et al. (2000) who suggested that significant differences be-
tween blacks and whites on satisfaction with friends and financial situation, and
on a depression scale may contribute to racial differences in health. The CLHLS
asked seven questions related to the respondent’s personality. We factor analyzed
the responses and found that they all load with a factor loading of 0.79 or more
on a single factor. We combine these variables with equal weights to construct a
personality index and expect that people with a more positive personality will report
better health and quality of life.

Although longevity is moderately heritable in human populations (Ahlburg 1998;
McGue et al. 1993; Mitchell et al. 2001), longevity is thought to contain only lim-
ited information on functional status, since some individuals can exhibit healthy
functional survival but others disability-associated survival (Hadley 2000). How-
ever, Duggirala et al. (2002) have shown that at least one measure of biologi-
cal aging in the Mennonite population has substantial genetic determinants. The
CLHLS asked respondents if their parents were still alive and, if not, their age at
death. Unfortunately, about one-third of the observations on parent’s age at death
are missing. Despite this limitation, we attempted to test for an association between
parent’s longevity and the respondent’s health by including variables for mother’s
and father’s age at death and dummy variables for missing values of these vari-
ables(Table 8.3).

8.5 Results

We find only modest support for the hypothesis that healthy longevity is related to
work history, at least among the oldest-old. Whether a respondent has ever engaged
in physical labor is positively associated with better ADL status (at the 0.01 level),
self-reported health (at the 0.10 level), and interviewer rating of health (at the 0.06
level), but is not associated with the other three, arguably more objective, measures
of health. It could be that physical work “hardens” the individual and protects him
or her from health insults, or it could be that selection is operating. That is, only
the hardiest survive physical labor and report relatively good health at advanced
ages. When we added a measure of the number of years a respondent had done
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Table 8.3 Variable definitions
Variable Definition Mean Std. Dev.

adlstatus A three-scale categorical variable indicating the
individual’s ADL ability: severe disable = 0; mild
disable = 1; active = 2

1.44588 0.78226

diseasestatus A three-scaled categorical variable indicating the
individual’s health status in terms of chronic
diseases: severe chronic disease (two or more
chronic diseases) = 0; mild chronic disease
condition (1 chronic disease) = 1; relative few
chronic diseases (no chronic disease) = 2.

1.21885 0.80529

selfhealth A four-scale categorical variable indicating the
individual’s self-rated health: bad = 0; “so-so” = 1;
good = 2; very good = 3.

1.60804 0.82082

selfqol A categorical variable indicating the individual’s
self-rated quality of life: bad = 0; “so-so” = 1;
good = 2; very good = 3.

1.88575 0.71907

intvhealth A four-scale categorical variable indicating the
interviewer’s rating of the individual’s health
status: “very ill” = 0; “moderately ill” = 1;
“relatively healthy” = 2; “surprisingly
healthy” = 3.

2.21073 0.80393

illness A categorical variable indicating the individual
suffered from serious illness during the last 2
years before the interview: bedridden all the year
around = 0; some serious illness = 1; no serious
illness = 2.

1.84855 0.46458

physlabor Equal 1 if the individual has done physical labor
regularly.

0.78356 0.41184

physlabordur Number of years of physical labor. 42.64654 27.28311
selfoccup1 Equal 1 if the individual’s main occupation is

professional, technical, or governmental,
institutional or managerial personnel.

0.07439 0.26242

selfoccup2 Equal 1 if the individual’s main occupation is
agriculture, forestry, animal husbandry or fishery.

0.55196 0.49732

selfoccup3 Equal 1 if the individual’s main occupation is
industrial.

0.06758 0.25103

selfoccup4 Equal 1 if the individual’s main occupation is
commercial or service.

0.09052 0.28694

selfoccup5 Equal 1 if the individual’s main occupation is
military personnel or other occupation.

0.02283 0.14936

selfoccup6 Equal 1 if the individual’s main occupation is
housework.

0.19273 0.39447

pateroccup1 Equal 1 if father’s main occupation is professional,
technical, or governmental, institutional or
managerial personnel.

0.05122 0.22046

pateroccup2 Equal 1 if father’s main occupation is agriculture,
forestry, animal husbandry or fishery.

0.71346 0.45217

pateroccup3 Equal 1 if father’s main occupation is industrial. 0.02953 0.16929
pateroccup4 Equal 1 if father’s main occupation is commercial or

service.
0.12675 0.33271

pateroccup5 Equal 1 if father’s main occupation is military
personnel or other occupation.

0.06508 0.24668

pateroccup6 Equal 1 if father’s main occupation is housework. 0.01397 0.11737
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Table 8.3 (Continued)

Variable Definition Mean Std. Dev.

sickaskid Dummy variable equal 1 if the individual has been
sick enough for care as a child.

0.49044 0.49994

nocareaskid Dummy variable equal 1 if the individual did not
receive adequate care when sick as a child.

0.16501 0.37121

hungaskid Dummy variable equal 1 if the individual often went
to bed hungry as a child.

0.56118 0.49627

age Age 92.03044 7.40318
male Dummy variable equal 1 if male. 0.40238 0.49041
noeduc Dummy variable equal 1 if the individual received

no schooling.
0.67055 0.47004

feweduc Dummy variable equal 1 if the individual received
1–3 years’ schooling.

0.14720 0.35432

someduc Dummy variable equal 1 if the individual received
4–6 years’ schooling.

0.09352 0.29118

moreduc Dummy variable equal 1 if the individual received
7–10 years’ schooling.

0.05013 0.21823

welleduc Dummy variable equal 1 indicating the individual
received more than 10 years’ schooling.

0.03860 0.19265

eversmoke Dummy variable equal 1 if the individual has
smoked before or smoke presently.

0.32379 0.46795

everdrink Dummy variable equal 1 if the individual drank
before or drink presently.

0.34970 0.47690

everexercise Dummy variable equal 1 if the individual exercised
before or exercise presently.

0.34800 0.47636

birth1 Dummy variable equal 1 if the individual’s birth
order is one.

0.37640 0.48451

birth2 Dummy variable equal 1 if the individual’s birth
order is two.

0.25199 0.43418

birth3 Dummy variable equal 1 if the individual’s birth
order is three.

0.16222 0.36867

birth4 Dummy variable equal 1 if the individual’s birth
order is four or more.

0.10288 0.30382

birthurban Dummy variable equal 1 if the individual’s
birthplace is urban area

0.15008 0.35717

personality A composite variable showing the extent that the
individual is optimistic

3.15366 0.58132

physical labor, the duration variable was positive and significant for most of the
health measures and the variable for ever engaged in physical labor was now nega-
tive and significant for three of the health measures. When the duration variable was
broken down into a series of dummy variables measuring work duration in decades,
we found that the duration result was driven by the 13 percent of the sample who
reported working 60 years or more. It is highly likely that the duration effect reflects
causation from health to work, not from work to health. That is, only those who are
healthy can work for very long durations. We attempted to create an instrument for
work duration using the age at which the respondent first started physical work, but
the instrument was not significant in any of the health regression equations. Either
this is a poor instrument or the duration of work has no effect on health.
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There are significant differences in several measures of health associated with
different occupations. Professional and government workers report worse ADL sta-
tus, and more diseases and illnesses compared to those who worked in agriculture,
forestry, or fisheries. Industrial workers report worse ADL status and more diseases,
commercial and service workers report fewer illnesses, military personnel report
more diseases, and those who worked in the household report worse ADL status.
It is interesting to note that these occupational and industrial differences in more
objective measures of health do not translate into worse subjective reports of health
or quality of life. As noted above, it is not clear whether these differences reflect oc-
cupational differences in working conditions, income, or occupation-related differ-
ences in access to health care. The relatively better health of primary-sector workers
could reflect better nutrition due to better access to food.

Being sick as a child or going to bed hungry does not appear to affect adult
health, at least among the oldest-old. However, not receiving adequate care when
sick as a child is shown to be associated with poorer health at older ages and is
statistically significant for all health measures except interviewer reported health.
This finding could reflect either economic deprivation in childhood or a lack of
local medical facilities. The regional and urban/rural dummies should control to
some extent for differences in the availability of facilities. Birth parity is not re-
lated to health, except in the case of respondents who were fourth and higher
order births. These individuals report better global health and quality of life. Fur-
ther support for the importance of childhood SES comes from health differences
related to the father’s occupation. Children of farmers, foresters, and fishermen
tend to have better ADL status and fewer diseases. The one exception is children
who reported their father’s occupation as “housework”; they tended to report better
health.

A number of personal characteristics are associated with some measures of health
status at advanced age. Like Zeng et al. (2002), we found that ADL status declines
with age, but we did not find evidence of a non-linear decline. Nor did we find a
significant effect of age on self-reported health. Two other significant age effects
were found: a significant negative association with interviewer rating and a positive
association with self-reported quality of life, although the latter association was neg-
ative and insignificant in a regression including only age and sex. No non-linear age
effects were found for the other health measures. Unlike Zheng and Vaupel (2002),
we did not find a decline in reported quality of life after age 94. In fact, we found
those over 94 years to report a better quality of life. We did find those over 94 years
to report fewer ADLs and more illnesses and interviewers to rate their health as
poorer than younger respondents.

In general, males reported better health than females, but males reported lower
quality of life than did females, although the latter association is positive and signifi-
cant in a regression including only age and sex. The better educated seemed to have
higher self-reports of health and quality of life than the less well-educated. Inter-
viewers also rated the health of the more educated to be better. As noted above, the
channels through which education is assumed to work, lifestyle choices, adult SES,
and personality are all controlled for, so the impact of education is in addition to any



8 When I’m 104 145

Table 8.4 Regression results

Variable Adlstatus Diseasestatus Selfhealth Selfqol Intvhealth Illness

physlabor 0.1144∗∗ 0.0154 0.0628 0.0085 0.0761∗ −0.0435
selfoccup1 −0.2371∗∗∗ −0.3083∗∗∗ −0.0845 0.1244 −0.0999 −0.2313∗∗
selfoccup3 −0.1607∗ −0.2523∗∗∗ −0.0850 −0.0095 −0.0869∗ −0.1327
selfoccup4 −0.1032 −0.0499 0.0406 0.0107 −0.0026 −0.1534
selfoccup5 −0.1627∗ −0.3082∗∗∗ 0.0235 −0.1215 0.0056 −0.1381
selfoccup6 −0.1137 0.0173 0.0641 0.1083∗ −0.0180 −0.0589
pateroccup1 −0.1384 −0.1251 −0.0606 0.0167 0.0669 −0.0869
pateroccup3 0.0277 −0.0747 −0.0520 −0.0480 −0.0311 0.0114
pateroccup4 0.0032 −0.0744∗ −0.0337 0.0153 0.0667 0.0545
pateroccup5 −0.1588∗ −0.0203 −0.0799 0.0162 −0.0270 −0.2095∗∗∗
pateroccup6 0.0344 −0.2306∗ 0.3199 0.1085 0.2698∗ 0.6988∗
sickaskid 0.0002 −0.0296 −0.0084 0.1169∗ −0.0761∗ −0.0105
nocareaskid −0.1529 −0.0921∗∗ −0.1548∗∗∗ −0.1605∗∗ −0.0520 −0.1761∗∗

hungaskid −0.0059 0.0312 −0.0248 −0.0089 −0.0211 −0.0262
age −0.0625∗∗∗ 0.0028 −0.0013 0.0073∗∗ −0.0252∗∗∗ −0.0041
male 0.2082∗∗∗ 0.2584∗∗∗ 0.0951∗∗∗ −0.0903∗ 0.0923 0.0343
feweduc 0.0250 −0.0219 0.0680 0.0565 0.0975∗ 0.0109
someduc −0.0467 −0.0370 0.1183∗∗∗ 0.0987∗∗ 0.1166 0.0325
moreduc −0.0125 0.0329 0.1600∗∗∗ 0.1023 0.1555∗∗ 0.0084
welleduc −0.1436 −0.2331∗ −0.1432 0.1141 −0.1233 −0.2689∗∗

eversmoke 0.0335 −0.0206 −0.0551 −0.0230 −0.0242 −0.0577
everdrink 0.0121 −0.0239 −0.0148 0.0418 0.0340 −0.0291
everexercise 0.1739∗∗∗ −0.0112 0.1260∗∗∗ 0.1628∗∗∗ 0.2799∗∗∗ 0.1469∗

birth1 −0.0833 0.0216 0.0717 0.0253 −0.0771 −0.0711
birth2 −0.0695 −0.0623 0.0573 0.0144 −0.0678 −0.0394
birth3 −0.0622 −0.0123 0.0793 0.0243 −0.0430 −0.0683
birth4 −0.0910 0.0254 0.1886∗∗∗ 0.1438∗∗ −0.0128 −0.1388
personality 0.3227∗∗∗ 0.2107∗∗∗ 0.6549∗∗∗ 0.5593∗∗∗ 0.5033∗∗∗ 0.1533∗∗∗

birthurban −0.0610 −0.1148∗ 0.0109 0.0326 0.0167 −0.0421
_cut1 −5.9485∗∗∗ 0.4610 0.7030∗ 0.4291 −2.6861∗∗∗ −1.8840∗∗∗

_cut2 −5.1975∗∗∗ 1.2934∗∗∗ 2.0175∗∗∗ 1.8085∗∗∗ −1.8276∗∗∗ −1.2863∗∗

_cut3 3.4776∗∗∗ 3.5279∗∗∗ −0.3077
∗, ∗∗, and ∗∗∗ denote statistical significance at p < 0.10, 0.05, and 0.01 against two-tailed alterna-
tives. Not reported in this table, but included in all regressions, was a set of indictor variables for
province of birth.

effect through these channels. We found that reporting that one’s first marriage was
a “good” marriage was associated with better reported health.

Those who survive to very old ages seem to be little affected by life style choices
with one very important exception. Exercise may impart benefits on more objec-
tive measures of health status (ADLs, illnesses) and on global reports of health and
well-being. However, reverse causation is also a possibility because those who are
healthy are more able to exercise. A positive personality appears to be good pro-
tection against the ravages of time. Irrespective of the specification of the model
or the estimation technique, those with an optimistic personality not only reported a
more positive outlook on their health and quality of life, but they also reported fewer
ADLs, diseases, and illnesses. This could be because they set a higher threshold for
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what constitutes a “disease” or “impairment,” or it could be that a more positive
outlook somehow mediates other factors that can lead to poorer health.

We also tested a statement made by Zeng et al. (2002: 268) in their study of
the same population we have studied. They concluded that “exceptionally long-
lived people are likely to consider health to be good and view life as satisfactory,
relatively independently of their capacity to perform daily activities.” We added the
ADL status variable to each regression as an explanatory variable (ignoring the fact
that it was an endogenous variable). For all health measures except self-reported
quality of life, those with better ADL status reported better health. So, in addition
to finding support for at least part of the conclusion reached by Zeng et al, we
find that their conclusion generalizes to other measures of health. This reinforces
our conclusion that the health measures collected in the CLHLS capture different
aspects of health.

Finally we checked the robustness of our findings by using different estimation
approaches. We re-estimated the ADL and disease regressions by ordinary least
squares, ordered probit (without grouping responses), and as count models (Poisson
and negative binomial). Our results were indeed robust.

8.6 Conclusions

The CLHLS collected data on six measures of health. The correlations among the
different measures were quite low and there was little statistical support for combin-
ing them into a smaller number of measures of “health.” We agree with Murray’s
conclusion that health is a “multidimensional concept.” The measures did not break
down into a simple pattern of “more objective” measures such as ADLs, number of
diseases, and number of illnesses, and “more subjective” self-reports of global health
and quality of life. Although the effects of some variables tended to be similar for the
more objective measures or the more subjective measures, this was not always the
case. That is, the oldest-old in China seem to exhibit different forms of “health.”

To the best of our knowledge, ours is the first study to investigate the impact of
childhood health and socioeconomic status on adult health in a developing country
and to study this relationship among the oldest-old. We found that childhood health
and socioeconomic status had independent effects on adult health even at very ad-
vanced ages and even after controlling for adult socioeconomic status and lifestyle
choices. The variable that was most important was whether a child received care for
childhood illnesses. Those who received care reported better objective and subjec-
tive health at advanced ages. The importance of this finding is that the provision of
health care services in childhood may well have very long-term returns in the form
of improved adult health even at quite advanced ages.

Some other variables that were associated with at least some measures of better
health were being happily married and exercising. We did not find that smoking and
drinking had adverse health effects at advanced ages, perhaps because those most
susceptible to these “vices” had already been removed from the population.
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Chapter 9
Association of Education with the Longevity
of the Chinese Elderly

Jianmin Li

Abstract This study has clearly shown that educational attainment is positively and
substantially associated with survivorship at old ages in China. The overall associa-
tion is stronger among elderly women than among elderly men.

Keywords Census micro data, Childhood, Chinese elderly, Cohort, Education,
Fixed-attributes dynamics, Longevity, Mortality, Ratio of survivorship,
Socioeconomic status, Survivorship, Univariate analysis

9.1 Introduction

The public is interested in why some people are healthier and live longer as
compared to other members of the same cohort. There is a growing interest in
the relationship between health and socioeconomic status (SES), which is gener-
ally indicated by education, income, and occupation. A substantial body of litera-
ture demonstrates that lower SES individuals generally experience higher mortality
compared to those with higher SES, and that SES is inversely related to health status
(Brown et al. 2004; Daly et al. 2002; Feinstein 1993; Frank et al. 2003; Grundy and
Holt 2001; Kim et al. 2004; Matthews et al. 2005; Rogot et al. 1992).

Some studies have focused on the relationship between SES and health status
over the life course of individuals. For example, Davey Smith et al. (1997) found
that socioeconomic factors over different states of the life course affect health and
risk of premature death. Laaksonen et al. (2005) found that both childhood and
adulthood economic difficulties had clear associations with health. In a study of a
large sample of British women, Power et al. (2005) came to the conclusion that
socioeconomic position in childhood was associated with adult mortality. Based on
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29 years of follow-up surveys in Alameda County, California, Frank et al. (2003)
found that virtually all of the gradients associated with SES are inversely related
to health outcomes, although there is no simple pattern of shape or evolution of
shape over time. A study by Osler et al. (2005) showed that a father’s occupational
and social class is associated with adult mortality among members of the mother–
father–offspring triad. But Lahelma et al. (2004) used cross-sectional survey data
from the Helsinki Health Study in 2000 and 2001 to examine the pathways of the
socioeconomic determinants of health. They found that among women, half of the
variation in longstanding illness by education was mediated by occupational class
and household income; inequalities by occupational class were largely explained
by education; inequalities of income were explained by education and occupa-
tional class.

For a more comprehensive understanding of the influence of SES on the risks
of morbidity and mortality at different stages in the life course, the following the-
oretical frameworks were developed and applied. Hertzman et al. (2001) used an
interactive framework of society and the life course to explain self-rated health
in early adulthood. Halfon and Hochstein (2002) developed a framework of life
course health development (LCHD) to explain how health trajectories develop over
an individual’s lifetime. The framework shows that health is a consequence of mul-
tiple determinants operating in nested genetic, biological, behavioral, social, and
economic contexts.

While other chapters in this book have employed the more comprehensive mul-
tivariate statistical modeling approach, this chapter investigates the long-term asso-
ciation of SES measured by educational attainment in childhood with the longevity
of the Chinese elderly, following the simple approach of the Fixed-Attributes Dy-
namics approach (Zeng and Vaupel 2004).

9.2 Hypothesis

Generally speaking, there are five main kinds of factors influencing a person’s life
span: biological factors, individual’s SES and life style/ behavior, the social and nat-
ural environment at the community level, scientific and technological development
in general, as well as accidental events. However, it is impossible to include all of
these factors in one study due to limits of data and space. Thus, in this chapter we
will focus on the association of educational attainment in childhood with longevity.
There are two reasons why we choose educational attainment as our measure of
SES. First, the educational attainment of the elderly is a strong indicator of social
and economic status and living conditions during childhood. Second, educational at-
tainment is closely related to adulthood occupation and income, and thus can reflect
SES and living conditions in later life. In this chapter, we investigate and test the
hypothesis that the association of educational attainment in childhood is positively
associated with longevity at old ages.
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9.3 Data

The data used in this paper are from the 1998 baseline of the “Chinese Longitudinal
Healthy Longevity Survey” (CLHLS) and the 1982 Census 1 percent micro data.1

The 1998 CLHLS covered 22 provinces, with a valid sample size of 9,093 oldest-old
interviewees.2 At the time of the sample in 1998 the oldest-old were aged 80 and
over, which means they were aged 64 and over in 1982.

9.4 Methodology

Zeng and Vaupel (2004) presented a basic method known as “Fixed-Attributes Dy-
namics (FAD)” to study the association between attributes fixed in early life (e.g.
educational attainment, childhood SES, genetic composition, etc.) and survival at
older ages. Using the FAD method, one can estimate the ratio of survivorship (RS)
of those with the fixed attribute to those without the attribute. If the RS is greater than
one, the attribute is positively associated with longevity, and vice versa. According
to Zeng and Vaupel (2004), the FAD method is formulated as follows:

Let N(x) denote the number of persons aged x ; p1(x), the proportion of indi-
viduals who are x years old and have the fixed attribute; s1(x + n), the conditional
survival probability from age x to x + n for those who have the fixed attribute;
s0(x + n), the conditional survival probability from age x to x + n for those who do
not have the fixed attribute; and S(x + n), the conditional survival probability from
age x to x + n for all members of the cohort.

Because N(x)p1(x)s1(x + n) = N(x)S(x + n)p1(x + n), it follows that

s1(x + n) = S(x + n)
(

p1(x + n)
p1(x)

)

(9.1)

and

s0(x + n) = S(x + n)
(

1 − p1(x + n)
1 − p1(x)

)

(9.2)

Dividing (9.1) by (9.2) gives the Ratio of Survivorship (RS) for those with the fixed
attribute to those without the attribute:

RS = s1(x + n)
s0(x + n)

= (1 − p1(x))p1(x + n)
p1(x)(1 − p1(x + n))

(9.3)

1 Educational attainment data collected from the CLHLS are years of schooling, while the data
from the Census are the education levels. We converted the years of schooling data into various
education levels: 0–2 years schooling is converted into the category “illiteracy and semi-illiteracy,”
3–6 years into “primary school,” 7–9 years into “middle school,” 10–12 years into “high school,”
and 13 years and over into “college and above.”
2 Refer to the Research Group of Healthy Longevity in China (2000). Data collections of the
Health Longevity Survey in China 1998, Chapter 2, Beijing: Peking University Press.
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In the research reported in this chapter, the formula is:

RS≥i = (1 − p≥i(1982, x))p≥i(1998, x + 16)
p≥i(1982, x)(1 − p≥i(1998, x + 16))

(9.4)

where n = 16, i.e. the length of time period between 1982 and 1998 is 16 years; ≥i
denotes the educational attainment is at or above level i .

By the same logic for deriving formulas (9.1), (9.2), and (9.3), we can also
estimate the Ratio of Survival of the elderly with different levels of educational
attainment. The formula is as follows:

RSi j = (1 − pi(x))p j(x + n)
pi(x)(1 − p j(x + n))

(i �= j)(i �= j) (9.5)

where i and j denote the level of educational attainment. RSi j > 1 indicates that
the likelihood of survival from age x to x + n among those with educational level i
is better than that among those with educational level j , and vice versa.

The FAD method assumes that the number of migrants is small or, alternatively,
that migrants do not differ significantly from non-migrants with respect to the fixed
attribute and survival. Note that migration in and out of the 22 surveyed provinces
between 1982 and 1998 was negligible due to China’s strict household registration
control policy; in addition, in general the Chinese elderly do not like to move away
from a familiar place. Thus, we can use elders aged 64 and over living in the 22
provinces during the 1982 census as the baseline of the cohorts of the sample aged
80 and over in 1998 in those same 22 provinces. This also implies that the analysis
used in this chapter is not for the whole birth cohort born 80+ years before the
survey year 1998. Rather, we investigate those cohort members who survived to
at least 64 years old in 1982. By comparing the distributions of the educational
attainment of the same cohort members in 1982 (aged 64+) and 1998 (aged 80+),
we can investigate the relationship of educational attainment with the longevity of
the Chinese elderly.

9.5 Results

The estimates of the RS≥middle school and RSi j are presented in Tables 9.1 and 9.2.
We draw the following observations from these interesting results. First, all the es-
timates of RS≥middle school for men and women at various age groups are much larger
than 1.0. These estimates indicate that having a middle school or higher education
substantially increases the likelihood of survival at old ages, as compared to those
Chinese elderly whose education levels were below middle school.

Secondly, the values of RS≥middle school for the female elderly in all age groups
are higher than those for their male counterparts. This indicates that an education of
middle school or higher may have greater effects on female longevity.
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Table 9.1 Ratio of survival for male elderly by educational attainment

Survive from age
group in 1982 to
age group in 1998

RS≥middle school RSi j

Middle school
and above/
below
middle school

College/
high
school

High
school/
middle
school

Middle
school/
primary
school

Primary
school/
illiteracy

Illiteracy/
literacy

64–68 ∼ 80–84 3.21 3.19 3.17 1.27 1.43 0.53
69–73 ∼ 85–89 3.16 2.84 2.76 1.40 1.33 0.58
74–78 ∼ 90–94 2.92 2.16 2.39 1.50 1.30 0.61
79–83 ∼ 95–99 3.30 2.70 2.00 1.71 1.34 0.57
84–88 ∼ 100–105 1.99 5.74 0.86 1.41 1.15 0.76

Source: 1998 CLHLS and the 1 percent census data of the 22 provinces in 1982

Thirdly, 38 out of 40 estimates of RSi j (College/High School; High School/ Mid-
dle School; Middle School/Primary School; Primary School/ Illiterate) for male and
female elderly in various age groups are greater than 1.0. All of the estimates of
RSi j (Illiterate/Literate) are much less than 1.0. These results show that in China the
higher the education level, the larger the likelihood of survival at the oldest old ages.

9.6 Concluding Remarks

This study has shown that educational attainment is positively and substantially as-
sociated with survivorship at old ages in China. The overall association is stronger
among the female elderly than among the male elderly; moreover, the higher the
education level, the greater the likelihood of survival at old ages. In fact, education
may affect elderly survival through other socio-economic variables. For example,
education not only enhances income-earning abilities via occupation stratification,
but also increases people’s knowledge and practice of health habits, as well as their

Table 9.2 Ratio of Survival for female elderly by educational attainment

Survive from Age
Group in 1982 to
Age Group in 1998

RS≥middle school RSi j

Middle school
and above/below
middle school

College/
high
school

High
school/
middle
school

Middle
school/
primary
school

Primary
school/
illiteracy

Illiteracy/
literacy

64–68 ∼ 80–84 7.22 2.69 2.07 1.94 2.21 0.31
69–73 ∼ 85–89 8.99 1.32 1.37 3.59 2.15 0.30
74–78 ∼ 90–94 4.65 1.10 1.00 1.87 2.54 0.35
79–83 ∼ 95–99 6.07 1.33 1.56 3.68 1.27 0.48
84–88 ∼ 100–105 3.00 0.43 4.44 0.70 2.40 0.40

Source: 1998 CLHLS and the 1 precent census data of the 22 provinces in 1982
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access to medical services. All these factors contribute significantly to elderly health
and survival, especially so in less developed societies such as China where the “in-
stitutional benefits” and “institutional protection” tend to differ between different
occupational groups, which are largely determined by education levels.

The analysis presented in this chapter has two major limitations. First, since we
use the FAD method, the cohort data represent a univariate analysis to ascertain the
de facto association between educational attainment and survival while controlling
for age and sex. The analysis does not determine whether the association of edu-
cational attainment with healthy survival is due to education itself, or whether it is
caused or mediated by other factors. Second, the cohorts analyzed in this chapter
are not based on information on complete birth cohorts due to the fact that those
cohort members who died before age 64 are not included. Thus, it is not appropriate
to draw conclusions about the association of educational attainment with survival at
middle-ages.
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Chapter 10
Analysis of Health and Longevity
in the Oldest-Old Population—A Health
Capital Approach

Zhong Zhao

Abstract Using the Chinese Longitudinal Healthy Longevity Survey, we study
health in the oldest old population. Our study is based on the Grossman model,
which suggests that health reflects the stock of health capital. Current inputs into the
health production function, and contemporary changes of behavior and life style will
only have an incremental effect on the stock of health capital, which is determined
by health history. Our study supports this view. Furthermore, our results suggest
that besides aging, there are other important factors contributing to poor health
as measured by the Katz Index of Activities of Daily Living, and mortality, such
as gender, urban residence, and marital status. Socioeconomic status, such as the
financial resources and education level of the individual and of his/her spouse plays
an insignificant role in the health of the oldest-old. There is an inverse relationship
between health and risky behavior.

Keywords Decreasing degrees of independence, Environmental variables,
Explanatory variables, Grossman Model, Health capital, Health endowments, Health
outcome, Instrumental variables, Katz Index of ADL, Life style, Longevity,
Mortality, Oldest-old, Probit model, Psychological factors, Socioeconomic status,
Survival status

10.1 Introduction

Research on the relationship between socioeconomic status and health is an im-
portant and active research area in economics and the other social sciences. The
gradient in health, the phenomenon that wealthier people are healthier, seems to
have attracted a great deal of attention from researchers.

In economics, health is widely considered an important component of human
capital. Since the seminal work of Grossman (1972), the Grossman Model has
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become standard in studying health demands and determinants. Treating health as
capital is the key insight of Grossman (1972). Health status—the stock of health—
depends on two key factors: investing in health and depreciating health.

Applying the Grossman Model, economists have carried out numerous empirical
studies of health in working adults and children (for example, see Case et al. 2002;
Currie and Stabile 2003; Dustmann and Windmeijer 2000; Erbsland et al. 1995;
Sickles and Yazbeck 1998; Wagstaff 1986, 1993). These studies have all added to
our understanding of the socioeconomic health gradient.

In this chapter, we investigate the health of the oldest-old, i.e. people who are
older than 80.1 Though there are many studies of the health of the aging population
(see Smith and Kington (1997) for a survey), few studies have focused on the oldest-
old. Zeng et al. (2001) have observed that this is mainly due to the lack of data.
Fortunately, the Chinese Longitudinal Healthy Longevity Survey (CLHLS), one of
the largest surveys of the oldest-old population in the world (Koenig 2001), affords
us a unique opportunity to explore issues related to the health of the oldest-old.

This chapter supplements previous studies of health in children, working adults,
and the old. Understanding health in the aging population also has important policy
implications. According to data from the most recent three Chinese censuses, there
were 4.91, 5.57 and 6.96% people above the age of 65 in 1982, 1990 and 2000,
respectively. The one-child policy contributed significantly to this trend2 (see es-
pecially Chap. 1 in this book by Poston and Zeng). The aging issue has become an
important topic in academia and in policy circles in China. A large share of resources
has been spent on the aging population, and more will be needed.3

It is not surprising that we find that aging is a major contributor to poor health
both in terms of dependence in activities of daily living (ADL) and in terms of
mortality. However, other factors also play important roles in determining the health
of the oldest-old. Among the many factors, we have found the following to be impor-
tant: The effects of gender on ADL independence and mortality differ. Females tend
to be more ADL dependent, but have a higher probability of survival. Oldest-old
individuals living in urban areas are also more ADL dependent, but are less likely
to die. The married oldest-old are more ADL independent and are more likely to
survive. Socioeconomic status as defined by financial resources and the education
level of the person and of his/her spouse all play an insignificant role in the health
of the oldest old.

Our research also suggests that there exists reverse causality between health
and risky behaviors, such as smoking and drinking. Without controlling for en-
dogeneity, the coefficients for smoking and drinking have the wrong sign. After

1 In this chapter, we define the population aged 65–79 as the old population, aged 80 and above as
the oldest-old population. We refer to the old and oldest-old population collectively as the aging
population.
2 The one child policy is the family planning policy adopted by the Chinese government since the
early 1980s. Loosely speaking, it means one couple can legally have only one child.
3 In 1988, the oldest-old spent 25% of the Medicare budget in New York City, see Suzman
et al. (1992: 6). This percentage is very likely growing along with the increase in life expectancy.
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they are corrected for simultaneity bias by instrumental variable (IV) methods, the
coefficients are consistent with theory and common wisdom.

We organize the remaining chapter as follows. Section 10.2 outlines the analyt-
ical framework based on the Grossman Model. Section 10.3 describes the dataset
and descriptive statistics. Section 10.4 presents empirical results, and Section 10.5
presents the conclusion.

10.2 Theory

Economists have considered health as human capital for a long time. Mushkin (1962)
believed that health and education were two important components of human capi-
tal. Becker (1964) regarded human capital as a consequence of long-term education,
good health and good nutrition. Fuchs (1966) held a similar view.

Building on human capital theory, Grossman (1972) formulated a formal model
to analyze health capital. The conceptual contribution of Grossman (1972) treats
health as capital, where health status reflects the stock of health capital. Two key
factors, the investment factor (investing in health) and the depreciation factor (de-
preciation of health capital) determine the stock of health, or health status. When
the stock of health falls below a certain minimum level, people tend to die.4

However, unlike market goods or standard investments which can be bought from
a store or stock market, it is not possible to purchase a unit of health. Conceptually,
since the work of Grossman (1972), economists have modeled health as an output
of household production (Becker 1965). In this model, according to Becker (1965:
495), households “combine time and market goods to produce more basic com-
modities that directly enter their utility functions” as stated by Becker. The main
market goods used to produce health are health care services. This provides the
theoretical foundation for the positive relationship between socioeconomic status
and health because wealth and income determine budget constraints. People with
higher socioeconomic status can afford to purchase more health services, which
produces more health capital. China provides some basic health care services for its
urban population; but even with universal health care the social gradient still exists
(Decker and Remler 2004).

Education is complementary to health, and can improve knowledge of health
practices among family members. Characteristics of other family members may also
contribute to such knowledge. For example, more educated family members may be
able to choose more qualified doctors, and may be more knowledgeable as to the
harmful effects of risky behaviors. An educated individual can give advice to other
family members. So, in theory, the education levels of all family members should
have a positive effect on health.

4 Vaupel (1998) notes living organisms and complicated equipment, e.g. cars, share a similarity in
their trajectories of mortality at the advanced ages, which provides interesting evidence for health
capital theory.
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Life style, which is regarded as a key sociological aspect in studying health,
can be accommodated in the Grossman framework. Life style, such as smoking,
drinking, and going to the gym regularly affects health through two channels. One
channel is household production technology which is captured in the health pro-
duction process. Good/bad behavior will make the production of health more/less
efficient. The other channel is the rate of depreciation. Good/bad behavior will de-
crease/increase the rate of depreciation, and thus will deplete the stock of health
capital slower/faster. This channel is captured in the consumption of health.

It is important to note that one of the fundamental implications of the Grossman
Model is that what really matters is health ‘stock,’ which is determined by the per-
son’s entire health history. Current inputs to the health production function and con-
temporary changes of behavior and life style will only have an incremental effect on
the stock of health capital but are unlikely to change the stock of health significantly.

Though the Grossman Model was formulated based on working aged adults, its
conceptual contributions are also relevant for old age groups. However, the model
has different implications for older versus younger populations. Childhood is a pe-
riod for accumulating health capital; in this period, investing in health stock dom-
inates; there is minimal if any depreciation. For the aging population, especially
the oldest-old population under study here, depreciation of health stock, rather than
investment, dominates. The health status of the oldest-old is mainly dictated by the
stock of health capital and the rate of depreciation. Health investment factors have a
smaller impact. Current factors, such as current income or a recent change in risky
behavior are unlikely to have a big influence, but historical factors, such as past life
style, permanent income, and education level, should exhibit larger effects.5

10.3 Data

10.3.1 Data Set

The data set used in this chapter is the Chinese Longitudinal Healthy Longevity
Survey (CLHLS). The CLHLS contains three waves of nationally representative
panel data from 1998, 2000 and 2002. It covers 22 out of the 31 provinces in China.6

In 1998 and 2000, for the most part, only people age 80 or above were included in
the sample. In 2002, additional observations were added to the survey for individuals
aged 65–79. In their 2001 paper, Zeng et al. describe the data set and survey design
in detail and assess the quality of the data, especially age-reporting, concluding that

5 Current income is the income for the current period including transitory income, and permanent
income is income derived over the life-cycle.
6 Xinjiang, Qinghai, Ningxia, Inner Mongolia, Tibet, Gansu, Guizhou, and Hainan are the nine
provinces not in the sample. Excluding them from the survey is mainly due to the potential for
inaccurate age-reporting, since all of these nine provinces have large proportions of minorities in
their population; see Zeng et al. (2001).
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“age-reporting in our 1998 survey is generally good” after comparing the CLHLS
with Swedish data (also see the chapters in Part I of this book).

We use the 1998–2000–2002 panel data and 2002 cross-sectional data in our
analysis. The 2002 cross-sectional data contain 16,064 observations. Among these
16,064 observations, 2,642 individuals were interviewed in 1998 and 2000, 3,674
were interviewed in 2000 only, and 9,748 were newly interviewed in 2002. Among
the 9,748 new observations, 4,889 of the interviewees were 65–79 years old in 2002.

For the panel data, the 1998 data consist of 9,093 observations. Among them,
4,831 were re-interviewed in the 2000 survey, 3,368 were deceased before the 2000
interview and information on them was collected, and the rest of the observations
(894) were lost to follow-up. In 2002, among the 4,831 interviewed in 2000, 2,642
survived and were re-interviewed, 1,604 were deceased and their information was
collected, and 585 were lost to follow-up.

We restrict our analysis to those of the Han nationality to avoid possible inaccu-
rate age-reporting of other ethnic groups. We also exclude the oldest-old living in
nursing homes to circumvent potential systematic differences between the oldest-old
living at home and the oldest-old living in nursing homes. There were 5.5% non-Han
oldest-old and 4.6% nursing home residing oldest-old in the sample.

10.3.2 Health Outcome Variables

One of the major challenges in studying health is its measurement. One of the most
popular and valid health measurements for the aging population is the Katz Index
of Activities of Daily Living (ADL Index) (Katz et al. 1970).

The CLHLS survey administered a slightly modified Katz questionnaire (see
table 10.1 in Katz et al. 1970), which contained questions on six categories of
activities of daily living: bathing, dressing, toileting, transferring, continence and
feeding.7 Given the available information in the data set and the good reputation of
the ADL Index, we construct and use the ADL Index as one measurement of health.
The ADL Index ranges from Category A to Category G with decreasing degrees of
independence in ADL functioning. These six categories do not exhaust all possible
combinations. There is an “Other” category, which is more ADL dependent than
Category A and Category B, and less dependent than Category G, but is incompara-
ble with Categories C and D.8

7 The only difference between table 10.1 in Katz et al. (1970) and the questionnaire in the CLHLS
is item 2, dealing with feeding. The CLHLS uses “feeds self, with some help” instead of “feeds
self, except for getting assistance in cutting meat or buttering bread,” which is more consistent with
Chinese eating habits.
8 Katz et al. (1970) state there are usually less than 5% belonging to the “Other” Category. In our
calculations based on 2002 cross-sectional data, we do not find any observation belonging to the
category of “Other” in the CLHLS.
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Table 10.1 Characteristics of Old and Oldest-Old in 2002
Label Whole Age: 65–79 Age: 80–105 Sub Sample

Sample Sub sample Male and Female Male Female

Mean St. Er. Mean St. Er. Mean St. Er. Mean St. Er. Mean St. Er.

Age 85.98 11.56 71.90 4.28 92.44 7.34 90.29 6.77 93.86 7.36
Urban 0.46 0.50 0.45 0.50 0.46 0.50 0.47 0.50 0.46 0.50
Born in urban area 0.15 0.36 0.17 0.38 0.15 0.35 0.15 0.36 0.14 0.35
Female 0.57 0.50 0.50 0.50 0.60 0.49 0.00 0.00 1.00 0.00
Have own bedroom 0.87 0.33 0.90 0.30 0.86 0.35 0.90 0.30 0.83 0.37
Live alone 0.14 0.35 0.13 0.34 0.15 0.36 0.15 0.35 0.15 0.36
Self-reported quality of

life: excellent
0.14 0.35 0.14 0.35 0.14 0.35 0.15 0.35 0.13 0.34

Self-reported quality of
life: good

0.46 0.50 0.44 0.50 0.47 0.50 0.46 0.50 0.48 0.50

Self-reported quality of
life: so so

0.33 0.47 0.35 0.48 0.31 0.46 0.33 0.47 0.30 0.46

Self-reported quality of
life: poor

0.06 0.24 0.06 0.23 0.07 0.25 0.06 0.23 0.07 0.26

Self-reported quality of
life: very poor

0.01 0.10 0.01 0.08 0.01 0.10 0.01 0.09 0.01 0.10

Self-reported health status:
excellent

0.11 0.31 0.13 0.34 0.10 0.30 0.10 0.31 0.09 0.29

Self-reported health status:
good

0.37 0.48 0.37 0.48 0.38 0.48 0.40 0.49 0.36 0.48

Self-reported health status:
so so

0.35 0.48 0.35 0.48 0.35 0.48 0.34 0.47 0.36 0.48

Self-reported health status:
poor

0.15 0.36 0.14 0.35 0.16 0.37 0.14 0.35 0.17 0.38

Self-reported health status:
very poor

0.01 0.12 0.01 0.10 0.02 0.13 0.01 0.11 0.02 0.14

Self-reported change of
health: better

0.11 0.31 0.13 0.34 0.10 0.30 0.10 0.30 0.10 0.30

Self-reported change of
health: same

0.49 0.50 0.54 0.50 0.46 0.50 0.47 0.50 0.45 0.50

Self-reported change of
health: worse

0.40 0.49 0.33 0.47 0.44 0.50 0.43 0.49 0.45 0.50

Looking on the bright side 0.77 0.42 0.78 0.41 0.77 0.42 0.81 0.39 0.74 0.44
Feel fearful or anxious 0.05 0.22 0.05 0.21 0.06 0.23 0.04 0.19 0.07 0.25
Feel lonely and isolated 0.08 0.28 0.06 0.24 0.10 0.29 0.08 0.28 0.11 0.31
Be happy as when you

were younger
0.43 0.49 0.46 0.50 0.41 0.49 0.43 0.50 0.39 0.49

Feel useless with age 0.26 0.44 0.21 0.41 0.29 0.45 0.24 0.43 0.33 0.47
Eat meat/fish/egg often 0.69 0.46 0.71 0.46 0.69 0.46 0.71 0.45 0.67 0.47
Drink boiled water 0.96 0.19 0.96 0.20 0.96 0.19 0.97 0.18 0.96 0.19
Used tap water at age 60 0.28 0.45 0.39 0.49 0.23 0.42 0.26 0.44 0.21 0.41
Use tap water now 0.60 0.49 0.60 0.49 0.59 0.49 0.61 0.49 0.58 0.49
Smoke now 0.19 0.39 0.27 0.44 0.15 0.36 0.28 0.45 0.07 0.25
Smoked before 0.34 0.47 0.40 0.49 0.32 0.47 0.57 0.50 0.15 0.36
Drink now 0.20 0.40 0.24 0.43 0.19 0.39 0.29 0.45 0.13 0.33
Drank before 0.31 0.46 0.31 0.46 0.31 0.46 0.49 0.50 0.20 0.40
Exercise now 0.32 0.47 0.41 0.49 0.28 0.45 0.39 0.49 0.20 0.40
Exercised before 0.37 0.48 0.35 0.48 0.38 0.49 0.49 0.50 0.31 0.46
Engage in social activities 0.13 0.34 0.23 0.42 0.09 0.29 0.15 0.36 0.05 0.22
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Table 10.1 (Continued)

Whole Age: 65–79 Age: 80–105 Sub Sample

Sample Sub sample Male and Female Male Female

Label Mean St. Er. Mean St. Er. Mean St. Er. Mean St. Er. Mean St. Er.

Years of education 2.06 3.52 2.92 3.88 1.66 3.26 3.26 4.00 0.61 2.05
White collar

employment
0.10 0.29 0.14 0.35 0.07 0.26 0.15 0.36 0.02 0.15

Have pension 0.21 0.41 0.31 0.46 0.16 0.37 0.31 0.46 0.06 0.24
Money is enough for

expenses
0.81 0.39 0.82 0.38 0.81 0.39 0.83 0.38 0.80 0.40

Main financial
resource is self

0.29 0.46 0.54 0.50 0.18 0.38 0.33 0.47 0.08 0.27

Family income divided
by 1000

3.44 3.62 3.62 3.70 3.36 3.57 3.61 3.75 3.19 3.45

Present marital status 0.31 0.46 0.62 0.49 0.18 0.38 0.35 0.48 0.06 0.24
Years of education,

spouse
2.09 3.45 2.79 3.76 1.77 3.24 1.00 2.64 2.28 3.50

White collar, spouse 0.07 0.26 0.12 0.32 0.05 0.22 0.03 0.17 0.06 0.24
Taken care by close

relatives
0.93 0.25 0.95 0.21 0.93 0.26 0.93 0.26 0.92 0.27

Had enough medical
care at age 60

0.86 0.34 0.90 0.30 0.84 0.36 0.88 0.33 0.82 0.38

Had enough medical
care at childhood

0.41 0.49 0.41 0.49 0.42 0.49 0.45 0.50 0.40 0.49

Medical cost paid by
government

0.12 0.33 0.19 0.39 0.09 0.29 0.17 0.38 0.04 0.19

Often went to bed
hungry as child

0.65 0.48 0.65 0.48 0.65 0.48 0.63 0.48 0.66 0.47

Mother lived longer
than 80

0.26 0.44 0.32 0.47 0.24 0.43 0.26 0.44 0.23 0.42

Father lived longer
than 80

0.16 0.36 0.19 0.39 0.14 0.35 0.17 0.37 0.13 0.33

1+ siblings live longer
than 80

0.37 0.48 0.19 0.39 0.45 0.50 0.49 0.50 0.43 0.50

Source: Author’s calculation from 2002 cross-sectional data of CLHLS.
These descriptive statistics are calculated without considering the sampling weight.
In the CLHLS, the oldest-old population is over-sampled.

According to the author’s calculations (not reported here) using the 2002 cross-
sectional data for the old population, 97% of their indices are in the “A” Category.
This percentage decreases to 76% for oldest-old population. The ADL Index is not
significantly different across gender for the old population. But for the oldest-old
population, females are more dependent in daily living activities than are males.
Eighty one percent of the male oldest-old are in the “A” category, versus only 70%
for females. Nonetheless, it is remarkable that a majority (76%) of the oldest-old
are still totally ADL independent.

The old population becomes more dependent in activities of daily living as they
age. At age 65, males and females have almost identical degrees of independence;
however, females become more dependent than males with age (Fig. 10.1).
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Fig. 10.1 Age trend of Katz ADL Index by gender.
Note: For Female and Male ADL A please refer to secondary y axis

The ADL Index is also a good indicator of mortality. At each age group, the
group that survives has a better health status measured by the ADL Index.9 We will
use 2002 cross-sectional data to study ADL as a measure of health.

Another health outcome variable used in this chapter is mortality. To measure
mortality, we use 1998–2000–2002 panel data. Our focus is the 2000 wave, and we
only consider mortality between the 2000 and 2002 waves for those who were first
interviewed in 1998. For the 2002 wave, we created a survival status for those still
alive in 2000. Information in the 1998 wave allows us to control for historical factors.

10.3.3 Explanatory Variables

Table 10.1 compares characteristics of the old and oldest-old populations. The av-
erage age of the old and oldest old populations is 72 and 92 respectively.10 The
distributions of self-reported quality of life and self-reported health are very similar
for these two groups, but the oldest-old report more loneliness, less happiness and
more uselessness than the old population.

Compared with the old population, the oldest-old are also less likely to smoke,
drink, exercise, and to participate in current social activities. In their earlier years,
their drinking and exercise rates were similar to those in the old population. The
oldest-olds are less educated, are less likely to have had a white collar job during
their careers, have a lower pension coverage rate, are less self-sufficient financially,
and have less family income.

9 The results are not reported here, but are available from the author on request.
10 The descriptive statistics are calculated without considering the sampling weights.
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However, the oldest-old and the old share comparable characteristics on whether
they live in an urban area, drink boiled water, use tap water, have enough money
to cover expenses, have had enough medical services in childhood, and whether
as children they often went to bed hungry. Table 10.1 summarizes the explanatory
variables by gender for the oldest-old population. The average age for females was
94, and the average age for males was 90. Females were less educated, less likely
to have had a white collar job, and have a lower pension coverage rate. The pro-
portion of females, who smoke now, smoked in the past, drink now, drank in the
past, exercise now, and exercised in the past are all lower compared with the male
population.

Table 10.2 summarizes characteristics of the oldest-old in 2000 by their sur-
vival status in 2002. The deceased are 4.5 years older than those who survived, on

Table 10.2 Characteristics of the Survived and the Deceased Oldest-Old in 2000
Label All Survived in 2002 Deceased in 2002

Mean St. Er. Mean St. Er. Mean St. Er.

Katz ADL Index in 2000 5.48 1.23 5.71 0.89 5.04 1.62
Katz ADL Index in 1998 5.74 0.85 5.83 0.63 5.56 1.11
Age 92.15 7.15 90.48 6.73 94.95 6.96
Urban residence 0.59 0.49 0.62 0.49 0.55 0.50
Born in urban area 0.15 0.36 0.17 0.38 0.12 0.32
Female 0.58 0.49 0.56 0.50 0.60 0.49
Live alone 0.13 0.33 0.14 0.35 0.11 0.31
Self-reported quality of life: excellent 0.21 0.41 0.23 0.42 0.18 0.38
Self-reported quality of life: good 0.45 0.50 0.43 0.50 0.49 0.50
Self-reported quality of life: so so 0.29 0.45 0.30 0.46 0.28 0.45
Self-reported quality of life: poor 0.04 0.20 0.04 0.19 0.05 0.21
Self-reported quality of life: very poor 0.01 0.08 0.01 0.08 0.01 0.08
Self-reported health status: excellent 0.15 0.36 0.16 0.37 0.13 0.33
Self-reported health status: good 0.39 0.49 0.42 0.49 0.33 0.47
Self-reported health status: so so 0.33 0.47 0.31 0.46 0.37 0.48
Self-reported health status: poor 0.12 0.32 0.09 0.29 0.16 0.37
Self-reported health status: very poor 0.01 0.11 0.01 0.10 0.02 0.13
Looking on the bright side 0.78 0.41 0.81 0.39 0.73 0.44
Feel fearful or anxious 0.04 0.20 0.03 0.18 0.05 0.23
Feel lonely and isolated 0.07 0.26 0.06 0.24 0.08 0.28
Be happy as when you were younger 0.39 0.49 0.43 0.49 0.33 0.47
Feel useless with age 0.20 0.40 0.18 0.39 0.24 0.43
Eat meat/fish/egg often 0.55 0.50 0.57 0.50 0.51 0.50
Drink boiled water 0.96 0.21 0.96 0.20 0.95 0.22
Used tap water at age 60 0.20 0.40 0.23 0.42 0.16 0.36
Use tap water now 0.50 0.50 0.53 0.50 0.46 0.50
Smoke now 0.16 0.37 0.18 0.38 0.13 0.34
Smoked before 0.33 0.47 0.33 0.47 0.34 0.48
Drink now 0.21 0.40 0.21 0.41 0.20 0.40
Drank before 0.32 0.47 0.35 0.48 0.27 0.44
Exercise now 0.35 0.48 0.41 0.49 0.25 0.43
Exercised before 0.32 0.47 0.35 0.48 0.27 0.44
Years of education 1.84 3.41 2.11 3.64 1.38 2.92
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Table 10.2 (Continued)

Label All Survived in 2002 Deceased in 2002

Mean St. Er. Mean St. Er. Mean St. Er.

White collar 0.09 0.29 0.12 0.32 0.05 0.22
Money is enough for expenses 0.84 0.36 0.84 0.36 0.85 0.36
Main financial resource is self 0.20 0.40 0.24 0.43 0.14 0.35
Family income divided by 1000 3.58 4.23 3.69 3.86 3.39 4.80
Present marital status 0.19 0.39 0.23 0.42 0.10 0.31
Years of education, spouse 1.95 3.35 2.20 3.63 1.54 2.78
White collar, spouse 0.08 0.26 0.10 0.30 0.04 0.19
Taken care by close relatives 0.92 0.28 0.91 0.29 0.93 0.26
Had enough medical care at age 60 0.95 0.22 0.95 0.22 0.95 0.23
Had enough medical care at childhood 0.66 0.47 0.66 0.47 0.66 0.47
Medical cost paid by government 0.11 0.32 0.14 0.35 0.07 0.25
Often went to bed hungry as child 0.55 0.50 0.55 0.50 0.56 0.50
Mother lived longer than 80 0.33 0.47 0.32 0.47 0.35 0.48
Father lived longer than 80 0.19 0.39 0.19 0.39 0.19 0.39
1+siblings live longer than 80 0.39 0.49 0.39 0.49 0.38 0.49

Source: Author’s calculation from 2000 and 2002 panel data of the CLHLS.
These descriptive statistics are calculated without considering the sampling weight.
In the CLHLS, the oldest-old population is over-sampled.

average. The survived oldest-old self-report a higher quality of life and a better
health status. Life style and behaviors, for example, smoking, drinking and exercis-
ing, are different for the two groups.

10.4 Results11

In this section, we analyze the relationship between socioeconomic status, life style,
risky behaviors, and health. Health is measured by the ADL Index and by mortality.
We use an ordered probit model to study the ADL Index and a binary probit model
to study mortality. Besides socioeconomic status, we also control for psychological
factors, life style variables, and environmental variables.

We address genetic differences in health endowments by including dummy vari-
ables to represent if the oldest-old has/had a mother, father or a sibling living longer
than 80 years. We use an instrumental variable (IV) approach to control for simul-
taneity bias that arises from potential reverse causality between health and choice of
life style.12

11 We only present in this chapter the one set of results with the largest number of control vari-
ables. Results from other specifications are available from the author in a longer version of this
manuscript.
12 Moffitt (2005) provided a non-technical discussion on the IV approach targeted to
demographers.
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10.4.1 The Katz ADL Index

The Katz ADL Index divides people into six-categories from most independent to
least independent in daily living. We use the ADL Index as a measurement of health,
and estimate an ordered probit model to investigate the determinants of ADL inde-
pendence of the oldest-old.13

Table 10.3 presents estimates from different model specifications based on the
2002 cross-sectional data. Aging is one of the main factors significantly related to
health deterioration. Being female is negatively correlated with ADL independence,
but the gender effect disappears when we introduce the additional covariates.

Current family income plays an insignificant role. Whether the oldest-old have a
pension or not, have income enough to meet expenditures, and whether they provide
their main financial resources, do not appear to be important factors.

Nonetheless, the oldest-old have better health if they have their own bedroom.
One interpretation of this finding is that having your own bedroom captures the
permanent income and the financial capacity of the whole family. From a health
capital theory perspective, permanent income instead of current or transitory in-
come affects the stock of health capital. Family resources, not personal resources,
constrain household production. The education level of the oldest-old and of her/his
spouse have insignificant albeit positive effects on health.

The effects of current medical care services and of medical care services at age
60 are insignificant, but there is a significant and positive effect of medical care
services at childhood that persists into late-life. The oldest-old, who are married
or who are taken care of by close relatives, such as by a spouse, their children, or
in-laws, tend to have better health.

Among feelings of loneliness, happiness and uselessness, the feeling of useless-
ness is a good predictor of poor health. Whereas self-reported quality of life is in-
significant, it becomes significant when we run the model separately for males and
females. For males, a higher quality of life relates with better health, but the rela-
tionship for females is reversed. We do not have a good explanation for this finding.

At first blush, the life style and environmental variables seem to have the wrong
signs. The coefficients for having tap-water now and having tap water at age 60 are
both significantly negative. Although the coefficients for smoking and drinking in
the past are negative, the coefficients for smoking and drinking in the present are
both significantly positive.

In terms of the coefficients for tap-water, it is worth noting that the coefficients
for living in an urban area are also significantly negative. This is consistent with the
findings of Xu and Gu (2001), which show that the urban oldest-old are more ADL
dependent than their rural counterparts. So the coefficients for tap-water may be
biased by the confounding effect that oldest-old in urban areas are also more likely
to have tap water.

13 We use a scale from 1 to 6 to represent the oldest-old from least independent to most inde-
pendent. A positive coefficient means a positive relationship between the explanatory variable and
health status.
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The mysterious positive sign for current smoking and drinking status (i.e. the
paradox that smoking is good for your health) may well be caused by reverse
causality, i.e. the current status of smoking and drinking are consequences of poor
health in the past. Another possible explanation is that smokers and drinkers in poor
health die first, and only the robust smokers and drinkers remain in the sample. It is
well known that OLS estimates for both cases will be biased. We address this issue
by using the IV approach. After we apply the IV method to the analysis of the status
of smoking and drinking, and control for the endogeneity of these two variables,
their coefficients become negative although insignificant,14 which is consistent with
theory and common wisdom.

Another reverse causality issue that perplexes economists is how poor health
leads to lower socioeconomic status. For example, poor health may cause missing
school days in childhood, which consequently lowers human capital, and leads to
lower income thereafter. For those who are lucky enough to join the oldest-old club,
it is unlikely that their health during childhood and adulthood were poor enough to
significantly and negatively affect their socioeconomic status.

10.4.2 Mortality

Another health outcome variable analyzed is mortality. Mortality was studied in the
interval between the 2000 and 2002 waves for those who were first interviewed in
1998. Information in the 1998 wave is used to control for historical factors. We
use a probit model to study mortality. A positive coefficient indicates a positive
relationship between the explanatory variable and the probability of death.

Table 10.4 summarizes the models’ results. Like its effect on ADL independence,
aging is an important factor contributing to death. Gender has differing effects on
mortality and on the ADL Index. Being female tends to have a positive effect on the
probability of survival, but a negative effect on ADL independence (see Table 10.4).

Similar to findings on ADL independence, the coefficients pertaining to current
family income—having enough income to cover expenditures, and whether the re-
spondent is his/her main financial resource—are insignificant. Unfortunately, we do
not have information on whether the oldest-old individual has their own bedroom
in the 2000 survey, and therefore we cannot compare the effect of this variable on
ADL independence or its effect on mortality.

The educational level of the oldest-old and of her/his spouse has an insignificant
effect on mortality.15 For oldest-old females, having a white collar job or having
a husband with a white collar job significantly reduces mortality. For males, only

14 We use past status of smoking, drinking and exercising as instrumental variables.
15 The finding that education is not important for the ADL Index and mortality is probably due to
the small variation of education levels in the CLHLS. Average years of education are only 3.3 and
0.6 for males and for females, respectively.
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the occupation of wives was significant. The married oldest-old are more ADL
independent and also have a higher probability of survival. Current medical care
services do little to extend the life of the oldest-old.16

Unlike the findings for ADL independence, the oldest-old cared for by close
relatives have a higher risk of death. Since the oldest-old are more likely to be
taken care of by loved ones, reverse causality may also bias this estimate. Again
we use the IV procedure to correct for possible simultaneity bias. After correction,
the coefficient becomes insignificant. Whereas uselessness is a good predictor for
ADL dependence, it is not for mortality. Self-reported quality of life is apparently a
good predictor for male mortality, but not for female mortality.

The coefficients for the life style variables are insignificant but again have the
wrong signs due to reverse causality. Controlling for endogeneity corrects the signs
so that they are in-line with common wisdom. For example, the sign of the coeffi-
cient for smoking changes from negative to positive.

While the oldest-old in rural areas are less ADL dependent, they face a higher
probability of death. This finding might be explained by the greater manual labor
engaged in by the rural oldest-old, which is a benefit to their long-term health but
which makes them more vulnerable to health shocks because of the lack of basic
health care in rural areas.

10.5 Conclusion

In this chapter we used 1998–2000–2002 panel data and 2002 cross-sectional data to
study health among the oldest-old. Our measurements for health are the Katz ADL
Index and mortality. We find that aging is a major contributor to poor health both in
terms of ADL independence and in terms of mortality, but there are other important
factors, as well.

Gender has different effects on ADL independence and on mortality. Females
tend to be more dependent in daily living, but have a higher probability of survival.
The urban oldest-old are also more dependent in daily living, but are less likely to
die. The married oldest-old are more independent in daily living and are more likely
to survive. Socioeconomic status, such as financial resources and the educational
levels of the oldest-old and his/her spouse play an insignificant role in the health of
the oldest old. There seems to exist a reverse causality between health and choice of
life style. After controlling for simultaneity bias by IV methods, the coefficients for
risk behaviors are consistent with theory and common wisdom.

Our analytical framework is based on the Grossman Model. The fundamental
implication of the Grossman Model is that what really matters is “stock.” Current

16 The effects of medical care services at age 60 and in childhood are also insignificant (results are
not reported here). These findings might be affected by the very large portion of this sample with
missing values on these two variables.
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inputs into the health production function and contemporary changes of behavior
and life style will only have an incremental effect on the stock of health capital,
which is determined by the individual’s entire history, but will unlikely change the
stock of health significantly. Our research supports this view. We find that current
family income plays an insignificant role. Nonetheless, an oldest-old individual will
have better health if he has his own bedroom. The existence of a private bedroom
captures the permanent income and the financial capacity of the whole family. The
effects of current medical care services and of medical care services at age 60 are
insignificant, but the significant positive effect of medical care services at childhood
persists into late-life.

References

Becker, G.S. (1964), Human capital. New York: Columbia University Press for the National Bu-
reau of Economic Research

Becker, G.S. (1965), A theory of the allocation of time. Economic Journal 75 (299), pp. 493–517
Case, A., D. Lubotsky, and C. Paxson (2002), Economic status and health in childhood: The origins

of the gradient. American Economic Review 92 (5), pp. 1308–1334
Currie, J. and M. Stabile (2003), Socioeconomic status and child health: why is the relationship

stronger for older children? American Economic Review 93 (5), pp. 1813–1823
Decker, S.L. and D.K. Remler (2004), How much might universal health insurance reduce socioe-

conomic disparities in health? a comparison of the US and Canada. NBER Working Papers
10715, National Bureau of Economic Research, Inc

Dustmann, C. and F. Windmeijer (2000), Wages and the demand for health-A life cycle analysis.
The Institute for Fiscal Studies, Working Paper Series No. W99/20

Erbsland, M., W. Ried and V. Ulrich (1995), Health, health care, and the environment, econometric
evidence from German micro data. Health Economics 4 (3), pp. 169–182

Grossman, M. (1972), On the concept of health capital and the demand for health. Journal of
Political Economy 80 (20), pp. 223–255

Katz, S., T.D. Downs, H.R. Cash and R.C. Grotz (1970), Progress in development of the index of
ADL. Gerontologist 10 (1), pp. 20–30

Koenig, R. (2001), Sardinia’s mysterious male Methuselahs. Science 16, pp. 2074–2076
Moffitt, R.A. (2005), Remarks on the analysis of causal relationships in population research. De-

mography 42 (1), pp. 91–108
Mushkin, S.J. (1962), Health as an investment. Journal of Political Economy 70(5), pp. 129–157
Sickles, R.C. and A. Yazbeck (1998), On the dynamics of demand for leisure and the production

of health. Journal of Business and Economic Statistics 16 (2), pp. 187–197
Smith, J.P. and R.S. Kington (1997), Race, socioeconomic status, and health in late life. In:

L.G. Martin and B.J. Soldo (eds.): Racial and ethnic differences in the health of older Ameri-
cans. Washington, DC: National Academy Press, pp. 106–162

Suzman, R.M., K.G. Manton, and D.P. Willis (1992), Introducing the oldest-old. In: R.M. Suz-
man, D.P. Willis, and K.G. Manton (eds.): The oldest old. New York: Oxford University Press,
pp. 3–15

Vaupel, J. (1998), Demographic analysis of aging and longevity. American Economic Review 88
(2), pp. 242–247

Wagstaff, A. (1986), The demand for health: some new empirical evidence. Journal of Health
Economics 5 (3), pp. 195–233

Wagstaff, A. (1993), The demand for health: an empirical reformulation of the Grossman Model.
Health Economics 2 (2), pp. 189–198



10 Analysis of Health and Longevity in the Oldest-Old Population 175

Xu, Q. and D. Gu (2001), Comparing characteristics of health and mortality between rural and
urban oldest-old in China. Chinese Journal of Population Science, Special Issue, pp. 83–88 (in
Chinese)

Zeng, Y., J.W. Vaupel, Z. Xiao, C. Zhang and Y. Liu (2001), The healthy longevity survey and
the active life expectancy of the oldest old in China. Population: An English Selection 13 (1),
pp. 95–116



Chapter 11
The More Engagement, the Better? A Study
of Mortality of the Oldest Old in China

Rongjun Sun and Yuzhi Liu

Abstract This chapter investigates the role of social engagement in mortality
among the oldest old in China. Adopting the convoy network model, we differentiate
engagement with close social ties (spouse and children) from other social activities.
Weibull hazard models were employed to analyze the mortality risk of those aged
80 or above within a 2-year period between 1998 and 2000. While the results of
the whole sample show significant effects of marital status and number of children
alive on mortality without the interaction effect, the beneficial effect of social ac-
tivities on mortality gradually diminished with age and was reversed at very old
ages, when health status, health behaviors, and socio-demographic characteristics
were controlled. But the results vary by place of residence and gender. The findings
seem to suggest that more social engagement may not necessarily be better for the
well-being of the elderly at very old ages.

Keywords Beneficial effect, Convoy network model, Disengagement theory,
Identity accumulation hypothesis, Interaction, Mortality, Normal aging, Oldest-old,
Social engagement, Social network, Socioemotional selectivity theory, Survival
analysis, Weibull hazard models

11.1 Introduction

While the value of engaging in physical activities, including customary or habitual
activities, for all aspects of well-being is well established in the literature
(Belloc 1973; Berkman et al. 1983; Bygren et al. 1996; Cerhan et al., 1998;
DiPietro 2001; Glass et al. 1999; Lennartsson and Silverstein 2001; Morgan and
Clarke 1997; Morgan et al. 1991; Rowe and Kahn 1998; Welin et al. 1992), the
importance of social engagement is less conclusive. Past research has demonstrated
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that social integration, and social engagement in general, have positive impacts
on physical and mental health, and on the survival of the elderly (Berkman and
Breslow 1983; Berkman et al. 2000; Sabin 1993; Zunzunegui et al. 2003). Relating
to others is usually seen as essential to well-being, while the lack of social ties may
be viewed as a risk factor (Rowe and Kahn 1998). People in social relationships
take on various roles. From a symbolic interactionist perspective, Thoits (1983)
argued that individuals attached to social positions take on roles and identities that
are defined by social expectations. These role requirements tend to give individuals
a sense of purpose and meaning. She proposed an “identity accumulation hypoth-
esis,” where the possession of more roles or identities is related to higher levels of
psychological well-being.

Disengagement theory, however, states that normal aging involves an inevitable
withdrawal from social ties to prevent disruption to the social system (Cumming
and Henry 1961). Although somewhat controversial, some studies have shown the
relevance of this theory for the oldest old population. Johnson and Barer (1992)
reported in their study of people aged 85 or above in San Francisco that less than 10
percent of their sample had weekly contact with siblings, and less than 30 percent
had weekly contact with other relatives. Intensive interviews revealed that these
elderly disengaged socially and psychologically by narrowing their social bound-
aries, loosening normative constraints, shifting their time orientation from the future
to the present, and increasing introspection. Reductions in social contacts at very
old ages may be attributed to declining physical function and the loss of family
members all of which make it difficult to remain socially active. However, as some
have cautioned, such reductions in social contacts should not be viewed merely as
passive or involuntary. Instead, they may be a result of a lifelong selection process
by which people strategically minimize their risks and maximize their well-being.
Individuals constantly adapt their goals conditional on constraints in capacity and
resources (Baltes 1997; Baltes and Carstensen 1996; Carstensen 1992). This idea
is described in socioemotional selectivity theory (Carstensen 1991, 1992), which
takes a life-span perspective that “views reductions in social activity in old age as
reflective of the culmination of selection processes that begin early in life and have
substantial adaptive value” (Carstensen 1991: 195). According to this theory, in old
age, people selectively invest increasingly limited resources in their most valuable
and intimate relationships and disregard the less important ones. Selectivity is an
adaptive strategy to yield the greatest gain in well-being. This theme is also echoed
in continuity theory (Atchley 1989). Individuals are believed to respond to changes
by intentionally structuring their choices as they age, and they accept the fact that
some of the changes brought about by normal aging can not be completely offset. It
is regarded as maladaptive if individuals insist on continuing existing roles or social
relationships when there is a loss of competence for doing so.

Positing a purposeful selection process suggests that it is important not to lump
all social relationships together and treat them as equal when analyzing their
impact on elderly well-being or survival. Instead, it is crucial to differentiate social
relationships by their closeness to the individual. The convoy model
(Kahn and Antonucci 1980), which distinguishes the structure of an individual’s



11 The More Engagement, the Better? A Study of Mortality of the Oldest Old in China 179

social network, serves such a purpose. The three concentric circles in the model
represent three tiers of convoy members differentiated by their closeness to the
individual at the center. The innermost circle consists of the closest ties, such as
spouse and other close family members. These relationships are highly valued by
the individual and tend to be stable throughout the years. The other two outer circles,
which consist of others such as relatives, friends, neighbors, and co-workers, how-
ever, are more unstable and subjected to role changes of the individual. Kahn and
Antonucci (1980) also pointed out that there are likely to be gains and losses in any
of the circles of the convoy over an individual’s life course. There are some empirical
findings about the change in the composition of convoys over the life course. Using
data from the General Social Survey, Morgan (1988) documented a downward trend
in social network participation by age among those aged 60 and above even after
available resources, such as income, education and health were controlled. Older
respondents maintained fewer roles than younger respondents. They named fewer
people with whom they discussed important matters or were in frequent contact,
and relied more on family members and long-time relationships. Similarly, Lang
and Carstensen’s study (1994) showed that among Berlin residents aged 70–104
years, there was a significant negative correlation between social network size and
age. The very old tended to limit social contacts to very intimate and close ties. They
found a dramatic reduction in contacts with more distant social partners. In a study
of the elderly in the United States, Carstensen (1992) found that at older ages, peo-
ple became increasingly selective by maintaining the most rewarding relationships
while reducing the number of less important relationships.

Based on selectivity and continuity theories, and the convoy model, it can be
argued that one important reason for individuals to keep certain social relationships
is because these ties have been persistently rewarding or beneficial. And these rela-
tionships are usually those that occupy the inner-most circle of the convoy model,
like spouse and children. By the same token, the reason for individuals, especially
the very old, to start disengaging from certain social relationships is because these
ties have become less rewarding or the benefits have declined. These ties are usu-
ally those that occur in the outer circles of the convoy model, like friends or social
organizations.

Based on the above discussions, two hypotheses may be proposed: (1) The bene-
ficial effects of interacting with marital partners and the number of children alive, if
any, are constant, and do not decline with age. (2) The beneficial effects of engaging
in social activities with others diminish with age.

In addition, there are two conditional factors to consider: place of residence and
gender. It is well-known that there are significant gaps between urban and rural areas
in China in virtually all aspects of social development and living standards (Zeng
et al. 2002). While in urban areas many retired elderly receive pensions and are cov-
ered by health insurance, in rural areas such benefits are rare, where most of the el-
derly rely on their families, especially their adult children for support. Furthermore,
there are other differences that shape urban and rural living environments, such
as the availability of health care facilities. Therefore, it is reasonable to perform
analyses separately for the urban and rural samples.
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Gender may also confound the effect of social relations, especially that of
marriage. Marriage has been found to have benefits for both men and women
(Waite 1995), but it is still controversial whether there is any gender difference in
the allocation of such benefits. In other words, who benefits more from marriage, the
wife or the husband? Gove (1972) introduced his sex-role theory when studying the
relationship between mental illness and marital status. He argued that the stressful
nature of women’s roles in the society made marriage disadvantageous for women
while advantageous for men. When he examined the relationship between mortality
and marital status, for most of the causes of death, including suicide, accidents, and
diseases, he found a consistent pattern: Although death rates were lower for both
married men and women compared with the single, widowed, or divorced, the reduc-
tion in death rates was substantially higher for married men than for married women.
However, more recent studies found no substantial difference between husbands and
wives in their well-being (Mookherjee 1997; Pienta et al. 2000; Simon 2002). For
example, Simon’s study (2002) found that the benefits of marriage for depression
apply equally to women and men.

In the Chinese context, there seem to be competitive forces that make gender dif-
ferences in marital benefits uncertain. On the one hand, traditional values emphasize
wives’ submissiveness to their husbands (Freedman 1970). Wives are expected to
take care of the well-being of all family members, including in-laws and children. It
can be very stressful to engage in multiple family roles (wife, mother, and daughter-
in-law) around the household; thus husbands are expected to benefit more from
marriage than are wives. On the other hand, since the family is supposed to be the
main arena where women play out their roles, they may tend to attach greater impor-
tance to family relations, including marital relations, compared to men (Shek 1995).
Thus, marital quality may have a larger positive impact on the well-being of wives,
as has been found among married Chinese adults in Hong Kong (Shek 1995). Both
of these arguments have relevance, making it necessary to test the above hypotheses
by gender.

11.2 Data and Methods

11.2.1 Data and Measures

The research reported in this chapter utilizes data from the Chinese Longitudinal
Healthy Longevity Survey (CLHLS) and investigates the survival of the original
sample between 1998 and 2000. For various reasons, 894 elderly (9.8 percent) in
the original sample were not re-interviewed in the follow-up. Most of them were
living in urban areas, where housing construction has been rapidly expanding, and
many residents relocated within the 2-year period. Zeng et al. (2002) showed that
the age reporting of the oldest old in the CLHLS is generally reliable up to the age
of 105. Consequently, this analysis only included the elderly between 80 and 105
years of age, further reducing the sample size to 7,938. Data on at least one variable
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were missing for 1,051 cases. To maintain the sample size, we employed a random
computation method to fill in these missing values. We first let a computer generate
a random number for each missing case based on a uniform probability distribution.
We also had a frequency distribution of each variable based on all the known cases,
which we then matched with the computer-generated random numbers, assigning a
corresponding category of a variable to each missing case. We also generated values
for missing variables with the mean or the modal category. The results using both
approaches are largely the same.1

The dependent variable was the duration of survival in months from the baseline
interview in 1998 to the first follow up in 2000. The values of all the independent
variables were taken from the baseline interview in 1998.

Marital status is a dummy variable with not married coded 0, and married coded
1. Number of children alive is directly obtained from the survey.

Social activities with others includes playing cards/mah-jong, and attending reli-
gious activities. Each activity was indexed at three levels: 0 = “never”; 1 = “some-
times”; 2 = “almost everyday.” The sum of the two scores (from 0 to 4) was used for
the analysis.

Among the control variables, physical activities fell into three categories: reg-
ularly performing physical exercise (0 = No, 1 = Yes), solitary-active activities
(doing housework and gardening), and solitary-sedentary activities (reading news-
papers/books, and watching TV/listening to the radio). The last two categories are
customary activities that are less physically demanding relative to physical exercise
but have been shown to have distinctive effects on the well-being and survival of
the elderly (Bygren et al. 1996; DiPietro 2001; Glass et al. 1999; Lennartsson and
Silverstein 2001; Morgan and Clarke 1997; Morgan et al. 1991; Welin et al. 1992).
Each activity was indexed at three levels: 0 = “never”; 1 = “sometimes”; 2 = “almost
everyday.” A score for each type of customary activity was created by summing the
indexes of the two activities within each category, ranging from 0 to 4.

In addition, as reported in the literature, physical and cognitive status (Anstey
et al. 2001; Liang et al. 2000; Parker et al. 1992), health behaviors (Berkman
et al. 1983; Kaplan et al. 1987b), and socio-demographic characteristics (Kaplan
1992; Kaplan et al. 1987a) are also associated with mortality; therefore, they were
controlled as well.

Physical health status was measured by activities of daily living (ADL), physical
performance, the experience of serious illness, and self-rated health. There were six
questions regarding ADLs in the survey, bathing, dressing, using the toilet, transfer-
ring, eating, and continence, each of which was indexed at three levels: 0 = “needed
a lot of assistance”; 1 = “needed some assistance”; 2 = “needed no assistance.”
A summed ADL score ranges from 0 to 12. An objective measure of functional sta-
tus consisted of three indicators (Zeng and Vaupel 2002): standing up from a chair,
picking up a book from the floor, and steps needed to turn around 360 degrees. Each

1 A separate analysis with all the subjects with missing values deleted showed similar results as
well.
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of the three tasks was coded into three levels: 0 = “unable to perform”; 1 = “able
with some assistance”; 2 = “able without assistance.”2 A physical performance score
was created by summing these three measures, ranging from 0 to 6. The survey
asked the number of times the elder suffered from serious illnesses that required
hospitalization or caused him/her to be bedridden in the past 2 years. Because about
90 percent of the sample reported none, 6 percent reported a frequency between 1
and 10, and 4 percent reported having been bedridden all year long, this variable
was coded as a dummy variable: 0 = “no serious illness”; 1 = “at least one serious
illness.”3 Self-rated health was indexed in five levels: 0 = “very bad”; 1 = “bad”;
2 = “so-so”; 3 = “good”; 4 = “very good.”

Cognitive status was measured by the Chinese version of the Mini-Mental State
Examination (Zeng and Vaupel 2002), which is composed of 24 questions falling
into five categories: orientation, registration, attention and calculation, recall, and
language. For example, within the category of orientation, questions included,
“What time of day is it right now (morning, afternoon, evening)?” and “What is the
animal year of this year?” The answer to each question was coded as 0 for “wrong,”
and 1 for “correct.”4 A cognitive index was constructed by summing the scores of
all 24 questions which ranged from 0 to 24.

Previous research has shown that not only current smoking, but also past smok-
ing, have a detrimental effect on health (Berkman et al. 1983). Thus, smoking was
coded into three categories: never smoked; currently smokes; and smoked in the
past. Berkman et al. (1983) also found that for most age and sex groups moderate
drinkers had a lower mortality rate than abstainers, light drinkers, or heavy drinkers.
Since the effect of alcohol consumption may not be linear, a series of dummy
variables was created with non-drinker as the reference category. The other three
categories were: on average 1 liang (50 g) per day; 2 liang per day; 3 liang or more.

Age was measured as actual age in years in 1998. Gender was a dummy variable,
with female coded as 0, male coded as 1. Since 72 percent of the elderly in the sample
reported having no schooling, a dummy variable was created for educational attain-
ment (0 for no schooling and 1 for some schooling). Urban residence was measured by
a dummy variable with rural coded 0, and urban coded 1. Living arrangements were
coded into four categories: living alone, living with spouse only in the community,
living with other relatives in the community, and living in a nursing home.

2 The answer to the third question ranges from 2 steps to 72 steps, and 2,072 subjects were coded
as “unable to perform.” Based on its distribution, this variable was categorized into three levels:
1 = “unable to perform”; 2 = “more than 10 steps”; 3 = “within 10 steps.”
3 Though there were questions that asked the respondent about certain diseases, including hyper-
tension, diabetes, cataract, and cancer, it is quite likely that many diseases were not diagnosed
among the elderly in rural areas where access to medical care was more limited than in urban
areas. Therefore, this information was not included.
4 There was one exception. One of the questions asked the respondent to name as many kinds of
food as possible in 1 min. To be consistent with the format of the answers in other questions, based
on the frequency distribution, the answer was coded “0” for those who gave 3 or fewer names and
“1” for those who gave more than 3 names.
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11.2.2 Statistical Methods

We used a Weibull hazard model to examine the mortality of these elderly individuals
within the 2-year interval. A statistical test suggests that the Weibull distribution was
a valid fit.5 To address the research questions above, a series of nested models was
fitted sequentially (Lennartsson and Silverstein 2001; Liang et al. 2000). The first
model examined the marginal impact of marital status, number of children alive,
and engagement in other social activities, without controlling for any other factors.
The second model added all the control variables to investigate whether the effects
of the various social engagements remained independent. The last model added the
interaction effects of age with marital status, number of children alive, and other
social activities to test whether the favorable effects of marital status, number of
children alive and social activities diminished with age. To avoid redundancy, we
reported all the models above for the whole sample. The findings of the effects of
the key independent variables (marital status, number of children, and engagement
in social activities) by residence and gender are summarized in a separate table.

11.3 Results

Tables 11.1 and 11.2 provide descriptive statistics for the categorical and contin-
uous variables. The average age of the respondent was 92.3. Females accounted
for three-fifths of the sample. The majority of the elderly lived in rural areas (65
percent) and had little schooling. Forty-one percent died in the 2-year period. About
16 percent were married. The means and standard deviations of customary activities
at the baseline are given in Table 11.2. The elderly in this sample, on average, had
two to three children alive. A separate analysis showed that about 25 percent were
involved in at least one kind of social activity at baseline.

Results of the Weibull hazard models are presented in Table 11.3. The first model
shows that all three measures of social relationships or engagements were signifi-
cantly associated with mortality without controlling for any other characteristics.
The hazard of death for married elderly was 47 percent lower than for those not
married. An additional surviving child was associated with a 4 percent reduction in
the death hazard. Engaging in other social activities lowered the death hazard by 26
percent.

In Model 2, when all control variables were added, the effects of marital status
and number of children alive were weakened but were still statistically significant,
especially the effect of marital status. The effect of social activities became insignif-
icant.

As expected, age was associated with a higher likelihood of death, and men were
more likely to die than women. Those who engaged in physical exercise, engaged

5 The fact that the plot of log(–log(S)) versus log(t) is roughly a straight line, where S refers
to the probability of survival and t refers to survival duration, suggests that adopting a Weibull
distribution is a reasonable choice (Lee 1992).
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Table 11.1 Frequency distribution of categorical variables (N = 7,938)

Variable Frequency (%)

Survival status
Dead 40.90
Alive 59.10

Gender
Male 39.96
Female 60.04

Education
No formal schooling 72.16
Some schooling 27.84

Urbanicity
Urban 35.47
Rural 64.53

Marital status
Married 15.76
Not married 84.24

Living arrangements
Living alone 9.89
Living with spouse only 7.21
Living with other relatives 78.16
Living in a nursing home 4.75

Serious illness
None 89.77
One or more 10.23

Smoking
Never smoked 67.76
Currently smokes 17.36
Smoked in the past 14.88

Drinking
None 76.00
One liang 10.33
Two liang 5.90
Three liang 7.77

Physical exercise
Yes 26.05
No 73.95

in solitary-active activities, and engaged in solitary-sedentary activities had a 22,
15, and 7 percent lower hazard rate than those who did not, respectively. Most
of the health status measures, except the presence of serious illness, were highly
significant.

Neither education nor urban residence were related to mortality. There was no
significant difference in mortality among those living alone, living with spouse only,
or living with other relatives. However, compared to living alone, living in a nursing
home was associated with a 30 percent lower death hazard rate. Both current and
past smoking had detrimental effects on survival. The effects of drinking alcohol
were not significant.
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Table 11.2 Means and standard deviations of continuous variables (N = 7,938)

Variables Mean SD

Duration of survival 20.91 7.93
Age 92.27 7.37
ADL 10.48 2.69
Physical performance 4.34 1.95
Self-rated health 2.61 .83
Cognitive status 16.63 7.37
Number of children Alive 2.37 1.99
Social activities .36 .69
Solitary-active activities .78 1.01
Solitary-sedentary activities .97 1.18

To directly test the two hypotheses—whether the beneficial effect of close ties
and social activities diminishes with age—the interaction effects between age and
marital status, number of children alive, and social activities were added in Model
3. With the addition of these variables an interesting pattern emerged: both the main
and interaction effects of social activities were significant. It is apparent that social
activities were not significant in Model 2 because the effect was suppressed when
the interaction between social activities and age was missing in the model. To further
confirm that the effect of social activities was not confounded by health status, in a
separate analysis (not shown), we added the interactions of age with all the variables
in Model 3 measuring health status (self-rated health, ADL, physical performance,
the presence of serious illness, and cognitive status); none of them were significant.
The main and age-interaction effects of social activities remained statistically sig-
nificant. This finding, showing no age-dependent pattern of physical health, further
excluded the possibility of a spurious effect associated with physical health.

While the main effect of social activities was negatively related to the hazard of
death, suggesting that social activities reduced the death hazard, there was a positive
interaction effect with age, indicating that the beneficial effect of social activities
gradually eroded as age increased. For example, while social activities reduced the
death hazard by 19 percent at the age of 80, they were reduced by only 7 percent
at the age of 90 given other equal conditions. Their effects reached zero at about
age 95 and steadily increased to larger positive values thereafter. This indicates that
after the age of 95, social activities are associated with a higher, rather than a lower,
hazard of death.

In contrast, neither the main effects nor the interaction effects of marital status
or number of children alive were significant in the last model, although they were
significant in Model 2. We do not believe that these results can be interpreted as an
effect of social activities. Rather, we hold that when there is no interaction effect,
adding interactions to the model merely adds multi-collinearity and likely makes
none of the main effects significant (Agresti and Finlay 1997). Thus, there were
virtually no interactions between age and marital status or number of children alive.

Findings based on the same modeling strategy are summarized in Table 11.4 with
respect to the effects of social relations by residence and gender. Four sub-samples
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Table 11.4 Major hazard coefficients of the weibull model of mortality by residence and gender

Whole
sample

Urban-male Urban-
female

Rural-male Rural-female

Model 1
Married –a – – – –
No. of children alive – – – NS –
Social activities – – – – –

Model 2b

Married – – NS – NS
No. of children alive – NS NS NS NS
Social activities NS NS NS NS NS

Model 3b

Married NS NS NS NS NS
No. of children alive NS NS NS NS NS
Social activities – NS – – –
Married∗age NS NS NS NS NS
No. of children alive∗age NS NS NS NS NS
Social activities∗age + NS NS + +

Sample size 7,938 1,179 1,637 1,993 3,129
a “ – “ or “+” represents a significant coefficient, either negative or positive, at p <0.05, “NS” =
non-significant.
b All other covariates are the same as in Table 11.3.

were analyzed: urban-males, urban-females, rural-males and rural-females. The re-
sults based on the whole sample are also provided in the same table as a reference.
There was no substantial difference in Model 1 across all the sub-samples. Two
major findings emerged in Model 2. First, while being married was associated with
a lower hazard of death for men in both urban and rural areas, it had no effect on
women. Second, number of children alive was insignificant in all the sub-samples.
The patterns found in the full sample regarding the effect of social activities were
only manifested in the two rural sub-samples, not in the two urban samples.

11.4 Discussion

Using a national sample of the elderly in China aged 80 or above, the research
reported in this chapter investigated the role of social engagement in mortality at
very old ages. More specifically, we adopted the convoy network model to dif-
ferentiate social relationships by their closeness to the individual concerned, and
tested whether the effects of these different relationships or engagements changed
with age. The existence of close ties, measured by marital status and number of
children alive, was found to be significantly associated with a lower level of mor-
tality in the whole sample independent of health status, health behaviors, and other
socio-demographic characteristics. But these effects do not appear to depend on age.
However, an age-related, downward trend of the beneficial effect of social activities
on survival was documented. At the very old ages, the favorable effect of social
activities was reversed.
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Our statistical analysis, based on a large sample of the oldest-old in China,
resonates with the findings of a study of the elderly aged 85 and above in San
Francisco (Johnson and Barer 1997) and is consistent with selectivity and continuity
theories (Atchley 1989; Baltes 1997; Balters and Carstensen 1996). Johnson and
Barer (1997) observed that the oldest old were active agents, continuously readapt-
ing to new challenges in later life. Physical disability was described as an increasing
constraint. To cope with it, the very old withdrew selectively from social relation-
ships, simplifying and narrowing the boundaries of their social worlds. The elderly
in their study deliberately reduced their social roles and only retained those relation-
ships that they saw as beneficial, stating, for example, “I don’t have the same desire
to keep mixing and going out,” (1997: 154) and “I don’t want any more friends,
I want less” (1997: 155). They did not view retreating from social relations as a
passive response to their physical status. Rather, they regarded such disengagement
as a positive change. They felt that it was time to focus inwardly and did not feel
lonely or isolated. Two of them said, “I have reached the peaceful age of quietude,”
(1997: 154) and “I enjoy my privacy” (1997: 155). A 102-year-old woman said,
“People impinge on you at my age; I need more time to be with myself” (1997:
155). They attached significant meaning to mundane activities.

These results seem to cast doubt on the universal benefits of social engagement
as it applies to very old ages. In her elaboration of the “identity accumulation hy-
pothesis,” Thoits (1983) argued that the more roles played by an individual, the
less psychological distress, because “(i)n taking the role of the generalized other,
the individual perceives that he/she has been placed by others into recognized and
meaningful social categories, or social positions” (1983: 175), which gives meaning
and direction to one’s life. Culturally sanctioned social expectations associated with
roles, however, may not be relevant to the oldest old population. Atchley (1989)
argued that the importance of some social roles tends to decline in later adulthood,
releasing the old from role expectations. Among the oldest old they studied, John-
son and Barer (1992) reported a trend of both loosening normative constraints and
increasing introversion. The elders tended to ignore social expectations regarding
their relationships with others. Social conventions became less important and they
did not care very much about what others thought of them. With respect to intro-
version, they said such things as, “More things are beyond my control, so I just roll
with the waves” (1992: 360). “I have periods of aloneness where I feel unrelated to
what is going on” (1992: 361). “. . . I am comfortable being alone. I’m pulling away
from everything more and more. . . ” (1992: 361). This shift in orientation towards
introversion, congruent with selectivity and continuity theories, is a response to the
elder’s changing conditions and may explain why less social engagement is valued.
Therefore, less social engagement may be better for elderly well-being at the very
old ages.

But this finding does not apply equally to all sub-samples when place of residence
and genderare taken intoaccount.Firstof all, numberofchildren alive isnot significant
in any of the sub-samples. Number of children is just a rough indicator of close social
ties. Internalqualities, for example,emotional support, closenessandfeelingsofsocial
embeddedness, were not addressed. We suspect that the significance of this variable in
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the whole sample is due to the larger sample size, which reduced the standard error of
its effect. Though we also looked at children’s proximity to their parents (and siblings’
proximity), it was not significant either. More comprehensive measures of social ties,
especially those that capture the quality of relationships, are definitely needed.

Secondly, the beneficial effect of marriage appears only to apply to Chinese el-
derly men, and not to women. This may be related to traditional values and practices
in China regarding gender roles within marriage and the family.

Thirdly, the interaction effect of age and social activities is only significant for
the rural samples. But before we rule out such an interaction effect in the urban
areas, we believe more comprehensive measures of social activities are needed for
confirmation. Due to the limitation of the data, only two kinds of social activi-
ties were included: playing cards/mah-jong and attending religious activities. Other
forms of social activities, such as visiting friends and participating in other organiza-
tions, were not included. In Lennartsson and Silverstein’s (2001) study to assess the
role of social activities in mortality among the elderly in Sweden, they also included
visiting friends, going to movies, theatres, concerts, or museums, and participating
in study groups. When Walter-Ginzburg et al. (2002) examined social engagement
and mortality among the old-old in Israel, they included measures of group activi-
ties, such as talking with family or friends, playing cards or board games, attending
movies, and writing letters. Instruments that are more complete and suitable for
describing social activities of the Chinese elderly will certainly strengthen this type
of research.

In light of the limitations of this chapter in measuring social relationships and
activities, caution is warranted in generalizing the findings. Nevertheless, we would
like to draw attention to the uniqueness of the oldest-old population. The investiga-
tion of this special population should be placed in a life-course perspective. When
discussing clarifying the distinctiveness of old age, Settersten (2006) highlights two
tasks faced by gerontologists: “(1) to identify core features of human growth and
maturation, as well as fundamental needs that must be met, in old age; and (2) to
elaborate the differential expression of these needs and how they are or might be
better met in a range of particular contexts” (2006: 9). We hope that our research
has taken a step in this direction.
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Part III
Living Arrangements and Elderly Care

Introduction by Zeng Yi

Previous research has demonstrated that living arrangements have a substantial
impact on elderly care (e.g., Soldo and Freedman 1994; Angel et al. 1992; Suzman
et al. 1992; Jamshidi et al. 1992). Even in developed countries, the elderly tend to
depend heavily on children for emotional and psychological support, and occasion-
ally for financial resources. In the developing world, as in China where pension and
social security systems are not widely available, especially in the rural areas, the
elderly depend on children as their main source of support in their old age.

Family structure and living arrangements of elderly have changed considerably
in the past few decades in China. As shown by census data, the percentages of men
aged 65 and over who did not live with children were 28.4, 29.5, and 37.9 in 1982,
1990, and 2000, respectively; the corresponding percentages for women aged 65+
were 24.7, 24.5 and 30.2.1 These data indicate clearly that after 1990, the living
arrangements of Chinese elderly are changing quickly towards living apart from
their adult children. Such trends were likely caused by the rapid fertility decline plus
substantial changes in social attitudes and economic mobility related to co-residence
between older parents and adult children (Zeng and Wang 2003).

Rapid socio-economic development and urbanization should further increase
people’s preferences for independent living. The previous severe housing shortages
have been and will continue to be relieved through housing reforms based on the
market economy, which will allow more young people to live away from their par-
ents. Increasing migration and job mobility will separate more old parents from
their adult children. In the cultural context of Chinese society, however, filiality
(xiao) has been a cornerstone for thousands of years and is still highly valued. The

Zeng Yi
Center for Study of Aging and Human Development, Medical School of Duke University, Durham,
NC 27710, USA,
Center for Healthy Aging and Family Studies/China Center for Economic Research,
Peking University, Beijing, China
e-mail: zengyi68@gmail.com
1 These figures are derived from table 2 in Zeng and Wang (2003).
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philosophical ideas of filiality include not only respect for the older generations, but
also the responsibility of children to take care of their elderly parents. Such ethnic
and cultural traditions have been playing and will continue to play crucial roles in
the living arrangements and care for the elderly.

Given the Chinese cultural, demographic and socioeconomic contexts, the pat-
terns and changes in living arrangements have been and will continue to be strongly
influencing caregiving, long term care service, quality of life, and health-related
policy-making (Bian et al., 1998; Chen and Silverstein 2000; Olsen 1993; Pei and
Pillai 1999; Zimmer and Kwong 2003). This is an important aspect of healthy
longevity. Part III of this volume contains chapters that deal with this issue.

The longitudinal findings presented in Chap. 12 by Wu and Schimmele demon-
strate that oldest old people living in family co-residences have superior psychologi-
cal dispositions than individuals living alone or in nursing homes. The advantages of
family co-residence are independent of differences in socioeconomic status, health
status (including functional limitations), and demographic characteristics. Wu and
Schimmele’s chapter also discusses the differential effects of different types of liv-
ing arrangements on the psychological disposition of individuals aged 80–89 years
and those aged 90 years and older.

Chapter 13 by Zimmer tests the hypothesis that elders’ coresidence with adult
children and/or other family members more likely occurs when the elders’ needs
are greatest, for instance, when their health deteriorates or their spouse dies. He
also investigates gender variation due to differences in authority and emotional
bonds between older women and men and their families. Using CLHLS data, cross-
sectional and transitional multinomial models were estimated to link health status
measures with living arrangement outcomes. Results show that changes in living
arrangements occur frequently. Functional limitations are more strongly associated
with living arrangements than are other health indicators. Health indicators are more
strongly related for those not married. Gender interactions show that a health change
most likely triggers a living arrangement response for women. The chapter also
discusses the implications of changing living arrangements on elderly health for a
rapidly aging China.

Using data from the 2001 survey of “Welfare of Elderly in Anhui Province,
China” by the Institute for Population and Development Studies of Xi’an Jiaotong
University, Lu, Li, Zhang and Feldman (Chap. 14) conducted a logistic regression
analysis of the effects of intergenerational financial, instrumental and emotional
support on the self-rated health of Chinese rural elderly. Their results show that
financial support, both received and provided, as well as mutual emotional support
between parents and children, has positive impacts on the self-rated health of the
elderly. However, instrumental support, both received and provided, tends to exhibit
no relationship with the self-rated health of the elderly. Socio-demographic charac-
teristics, socioeconomic status, as well as health status of the elderly are also found
to affect their self-rated health.

An earlier analysis found that the oldest-old aged 80 and over in China who
received care from children have a greater likelihood of dying than those who
do not have such care (Zhang 2002). Could this result be interpreted that the
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care provided by children might be harmful to their oldest-old parents, or that
the children selectively provided care to the already-frail elderly parents? Zhen’s
Chap. 15 provides important answers to this controversial and puzzling question.
The analysis used CLHLS data collected from paired old parents and adult chil-
dren (i.e. dyadic data) and estimated a joint model to carry out the dyadic analy-
sis such that the protective and selective effects of caregiving could be specified
comprehensively. This innovative empirical analysis that is presented in Chap. 15
shows that protection effects may be seriously mis-estimated when selection effects
are ignored. After having successfully identified the selection effects, care provi-
sion to the elderly is found to be beneficial far more so than claimed in previous
studies.

Chapter 16 by Zhao discusses the challenging issues of the negative impacts of
inequality in health care on healthy longevity in China. The recent socio-economic
reforms begun in the late 1970s in China have brought about both positive and neg-
ative changes in social security and health care systems. Some of the changes have
created difficulties for the further improvement of public health. This chapter argues
that while mortality has continued to fall in the last 25 years and life expectancy
has now reached 72 years, China still faces serious challenges in further improv-
ing healthy longevity, induced by some major changes in health care systems. The
chapter examines increasing inequality in health care and mortality across different
areas and population groups.

In sum, the chapters in Section III of this volume examine the impacts of living
arrangements and their dynamic changes, intergenerational support, the protective
and selective aspects of caregiving from children, and inequality in medical care
services on the physical and psychological health of the elderly in China.
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Chapter 12
Living Arrangements and Psychological
Disposition of the Oldest Old Population
in China

Zheng Wu and Christoph M. Schimmele

Abstract Using data from the Chinese Longitudinal Healthy Longevity Survey
(1998 and 2000), this chapter investigates whether different living arrangements
influence the psychological disposition among the oldest old population (individuals
aged 80+). This chapter’s longitudinal findings demonstrate that oldest old people
living in family co-residences have superior psychological dispositions than individ-
uals living alone or in nursing homes. The advantages of family co-residences are in-
dependent of differences in socioeconomic status, health status (including functional
limitations), and demographic characteristics. The chapter’s findings also confirm
that living arrangements have differential effects on the psychological disposition
of selected age groups, with different types of family co-residential households hav-
ing uneven effects between individuals aged 80–89 years and those aged 90 years
and older.

Keywords Co-residence, Disability paradox, Fixed-effects, Healthy aging, Living
arrangements, Mental health, Mixed models procedure, Oldest old, OLS models,
Population health, Positive psychological disposition, Psychological disposition,
Psychological hardiness, Psychological well-being, Random effects model,
Restricted maximum likelihood, Robust psychological disposition, Salutogenesis,
Two-level hierarchical linear model

12.1 Introduction

The Chinese oldest old population (individuals aged 80+ years) tripled between
1950 and 2000 because of improvements in population health and a corresponding
reduction in the all-cause mortality rate (United Nations 2002). This demographic
trend will continue be a factor in China’s population transition for several more

Z. Wu
Department of Sociology, University of Victoria, 3800 Finnerty Road, Victoria, BC V8W 3P5
Canada
e-mail: zhengwu@uvic.ca

Zeng Yi et al. (eds.), Healthy Longevity in China. 197
C© Springer Science+Business Media B.V. 2008



198 Z. Wu, C.M. Schimmele

decades, with the oldest old projected to number over 30 million persons by 2025,
amounting to a 160 percent population increase from the year 2000. By compari-
son, China’s working-age population (individuals aged 15–64 years) is expected to
increase 15 percent during this period. Hence, China is expected to experience a
sharp transition in the potential old-age support ratio, which presents an emerging
population health concern (for more discussion, see the first chapter in this volume
by Poston and Zeng). The “greying” of China’s population structure suggests that
deficits of informal eldercare could well present hardships for the oldest old popula-
tion. In China, families are the fount of eldercare, and a shortage of national financial
resources continues to limit the number of individuals enrolled in state-funded el-
dercare programs (Pei and Pillai 1999; Zimmer and Kwong 2003). We can gauge the
potential future effects of informal eldercare deficits on the healthy aging process
by examining the current relationship between informal eldercare and patterns of
well-being in the oldest old population.

The Chinese Longitudinal Healthy Longevity Survey (CLHLS) offers a unique
data resource for understanding health and well-being outcomes among the oldest
old because no other national dataset contains as large a sample (N = 9,073) of
this special sub-population. This chapter employs a population health approach
and uses the CLHLS data to investigate whether living arrangements influence
psychological disposition in advanced ages. The chapter compares the Chinese
oldest old in different living arrangements, as an indirect indicator of social re-
sources and integration, to determine whether these conditions function as indi-
cators of self-reported psychological disposition. Social resources and integration
are well-established variables on health outcomes, with plentiful supplies of social
support and higher social integration tending to augment an individual’s abilities
to prevent, minimize, and cope with negative life events or chronic life-strains
(Pearlin et al. 1981; Thoits 1995). According to the stress process model, patterned
health and well-being inequalities emerge through patterned differentials in health
risk/stress exposure and through social disparities in an individual’s cache of coping
resources. Given that familial support is the foundation of social resources and so-
cial interaction for most oldest old Chinese people, we hypothesize in this chapter
that living arrangements will have a significant effect on psychological disposition
among this sub-population.

12.2 Background

The concept healthy aging refers to decreasing one’s chance of mortality and com-
pressing the number and duration of morbid conditions encountered during ad-
vanced ages (Baltes and Baltes 1990). However, as biological changes increase the
general risk of disability and morbidity among the oldest old, healthy aging also
depends on efficacious adaptation to unavoidable health transitions, such as coping
with functional limitations or chronic illnesses. The disability paradox describes in-
dividuals with high coping attributes and high life satisfaction ratings despite facing
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health problems and disabilities (Albrecht and Devlieger 2000). In this respect,
Antonovsky’s (1979, 1987) innovative conceptual approach, termed salutogenesis,
is important for understanding the association between positive thinking and healthy
aging. Salutogenesis refers to “health-causing” processes, i.e., attitudes and behav-
iors that produce overall well-being; it the opposite of pathogenesis, or that which
causes suffering. A positive psychological disposition is a salutogenic resource be-
cause psychological hardiness represents the capacity to manage negative experi-
ences, particularly the health challenges prevalent in later life (Rodin 1986). Saluto-
genesis is germane for healthy aging among the Chinese oldest old because there is
a connection between psychological hardiness and healthy aging in this population,
even for individuals with less than optimal functional status (Smith et al. 2004; Zeng
and Vaupel 2002).

In China, the merging of post-1978 economic reforms, increasing health care
needs, and a declining old-age support ratio pose a serious impediment to healthy
aging (Kwong and Cai 1992; Tracy 1991; Zeng et al. 2002). Under present eco-
nomic conditions, the Chinese government has insufficient financial resources to
guarantee full eldercare for the oldest old population (Grogan 1995; Liu et al. 1999).
Indeed, fast population growth in conjunction with sluggish economic development
prompted Chinese economic planners to reorganize the state’s role in economic
production and distribution, including shifting a large burden of pension and health
care provisions onto the open market, essentially retreating from Maoist welfare
principles. After the collapse of social welfare, an increasing proportion of health
care costs is being recovered through user fees. For example, in the rural sector,
home to about two-thirds of China’s population, user fees comprise 85 percent of
health care costs. Almost one-third of individuals now living beneath the poverty
line dropped to this disadvantaged economic status through financial losses accrued
from dealing with a serious illness (Hsiao 1995). Owing to these rising health care
costs, 92 percent of rural elderly individuals have inadequate financial resources and
66 percent have unmet health care needs (Liu et al. 1995).

Post-reform health care inequalities are concentrated among the most vulnera-
ble sub-population groups, such as seniors (Anson and Sun 2002; Gao et al. 2001;
Shi 1996). The oldest old are the most likely to encounter relatively intense hard-
ship from the transition from socialism to more market-based welfare distribution
because need-based demand for health care and other support services tends to
peak during late life; the oldest old demand a disproportionate amount of these
resources because they experience a disproportionate amount of health and func-
tional needs (Zeng et al. 2002). For example, among the Chinese oldest old, there
is a sharp decline in functional status between the ages of 80 and 105 years, with
age 85 being a significant threshold. In rural areas, about 12 percent of males and
16 percent of females aged 80–89 have mild or severe activities of daily living
(ADL) disabilities. In urban areas, about 19 percent of males and 22 percent of
females aged 80–89 have ADL disabilities. Among rural nonagenarians, about 25
percent of males and 35 percent of females have mild or severe ADL disabilities.
In urban areas, these figures are about 35 and 47 percent, respectively (Zeng and
Vaupel 2002).
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In China, eldercare has traditionally been a family responsibility (termed filial
piety), with the state providing little or no support. An altruistic model best ex-
emplifies the pattern of intergenerational support in China. The altruistic model
predicts that younger generations provide more support to elderly generations in
a socio-cultural system that binds individual security and well-being to the family
unit, and that the neediest family members will receive the most support (Zimmer
and Kwong 2003). There is an upward bias in social support flows between Chinese
parents and their adult children (Bian et al. 1998). About 55 percent of elderly par-
ents receive regular support with grocery shopping, meal preparation, home cleaning
and repairs, and personal care. About half as many adult children receive similar
support from their parents. Under official policy (e.g., the Marriage Law of 1950),
adult children (or grandchildren) are legally obliged to support their parents in old
age (Tracy 1991). In rural China, individuals commonly obtain and depend on old
age support through a married son. A comparatively high number of urban residents
receive state pensions and support services, but these individuals also need family
support (Olsen 1993).

As noted above, an aging population involves a shift in the potential old-age
support ratio. In 1950, there were 13.8 working age (15–64 years) individuals
per individual over age 65. By 2000, this figure was 10 working age individuals
per individual over 65, and is projected to sharply decline in the future, reach-
ing 5.2 by 2025 and 2.7 by 2050 (United Nations 2002). This trend suggests that
the number of parents that urban adult males will have to support will increase
from 0.7 in 1990 to 1.4 in 2030 (Lin 1995). The corresponding figures for ru-
ral males are 0.7 and 1.2, respectively. The number of co-residential years (car-
ing time) will also increase. Urban females 40 years old in 2030 will spend an
average of 17 years caring for elderly parents. This contrasts with 11 years of
co-residence for their 1990 counterparts. Individuals aged 35–45 years in 2030 in
urban areas will care for parents 5 more years and rural residents of the same age
4 more years than their 1990 counterparts. Despite these projections, the state has
been reluctant to implement eldercare programs, which means that family-based
social support will continue to be an important well-being indicator in old age
(Tracy 1991).

12.3 Research Concepts

In this chapter we focus on the effect of familial and other living arrangements
on variation in psychological disposition among the oldest old. The concept psy-
chological disposition is defined according to a CLHLS instrument designed as a
construct of optimism, conscientiousness, personal control, happiness, neuroticism,
loneliness, and self-esteem (Smith et al. 2004). The literature suggests that psy-
chological disposition accounts for considerable individual variation in health risk
exposure, reaction to negative events and circumstances, and illness experiences
(Gecas 1989; Kobasa et al. 1982). A robust psychological disposition modifies
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health attitudes, health behaviors, and health outcomes (Schieman and Turner 1998).
A positive psychological disposition is a salutogenic resource because it represents
the capacity to minimize and cope with negative life events or chronic life-strains
(Rodin 1986). A recent report on the Chinese oldest old confirms this assump-
tion, observing that psychological disposition predicts mortality and influences re-
sponses to widowhood, chronic health disorders, and functional limitations (Smith
et al. 2004). This report indicates that a robust psychological disposition is char-
acterized by salutogenic resources that promote coping and minimize pathogenic
traits.

The concept living arrangements is meant to represent the expected cache of
eldercare (or social resources) available to oldest old persons, and social integra-
tion. Social resources include financial, instrumental, informational, and emotional
supports. In China, co-residence with one’s children or grandchildren is the “core of
support” for most seniors (Bian et al. 1998). The large majority (ranging between
69 and 82 percent) of oldest old individuals resides in extended family households
(Zeng and George 2001). This pattern implies that living alone tends to represent
childlessness or distant proximity from family members, which could amount to
eldercare deficits. Even for those living near their children, the day-to-day relia-
bility and quality of social support are presumably better in co-residential living
arrangements because co-residence involves more frequent and closer contact with
family members (Bian et al. 1998). In addition, co-residential living arrangements
offer individuals a strong perception of projected security. Projected security refers
to having someone who will provide long-term care and assistance, which is impor-
tant for psychological well-being because it reduces the perceived threat of future
problems (Ross and Mirowsky 2002). Co-residential living arrangements also pro-
vide opportunities for regular social interactions, and oldest old seniors may derive
a sense of happiness from interactions with family members and self-esteem from
contributing to the household.

We use a population health approach in our examination of differences in psy-
chological disposition among the oldest old. The population health concept refers to
population-based empirical inquiries into patterned differences in health risk factors,
salutogenic resources, and health outcomes. This research is antecedent to pub-
lic health policies, which refer to all community-level and government-sponsored
strategies for promoting health and well-being and decreasing health risk factors
(Kindig and Stoddart 2003). In some cases, the population health approach involves
analyzing empirical data that are representative of conventional populations, such as
national or regional populations, but this approach also includes more specific pop-
ulation groups, such as the oldest old. Most definitions or applications of population
health derive from non-biomedical approaches to understanding health risk factors,
salutogenic resources, and health outcomes. In this respect, population health is a
constellation of social, psychosocial, economic, and ecological health risk dispari-
ties. The population health perspective represents a demand-side solution to rising
health care costs and shortages. In sum, the population health approach emphasizes
creating and maintaining healthy populations, rather than treating individuals diag-
nosed with an illness.
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12.4 Hypotheses

1. Oldest old persons living in co-residential households will have better psycho-
logical dispositions compared to those living alone because co-residence implies
a higher access to social resources and higher social integration.

2. Moving from co-residence to living alone will have a negative effect on psycho-
logical disposition because this involves a reduction in social resources.

3. Having children living in close proximity will increase psychological disposition
because this contributes to available social resources.

4. The effect of living arrangements on psychological disposition will differ be-
tween those aged 80–89 years and those aged 90 and older because the demand
for elder care increases with age.

12.5 Data and Methods

The empirical analysis uses data from the Chinese Longitudinal Healthy Longevity
Survey (CLHLS), including the 1998 (T1) baseline survey and 2000 (T2) follow-up
survey (see Chap. 2 of this volume for detailed information on the sample design).
The survey covers a random selection of half the counties and cities in 22 provinces
(n = 631), using multi-stage cluster sampling design, representing about 85 percent
of the Chinese population. The survey endeavored to interview all centenarians in
the included areas. For each centenarian respondent, an octogenarian (aged 80–89)
and a nonagenarian (aged 90–99) living in the same or neighboring area, with pre-
determined age and sex characteristics, were interviewed. The survey aimed for
an equal gender distribution at each age within the octogenarian and nonagenarian
categories. The survey over-sampled extremely old individuals and males because
these oldest old individuals are few in numbers. Extensive data were collected on
health status, health indicators, and socio-demographics. A doctor or nurse gave
each respondent a basic medical examination. The overall response rate was 88
percent, but this figure is 98 percent when the deceased, recent migrants, and indi-
viduals too infirm to participate are excluded. After removing cases where the key
variables are missing, our study sample contains 3,625 individuals from the 2000
follow-up questionnaire (longitudinal data).

The dependent variable is psychological disposition. To measure psychological
well-being, each respondent was prompted with the following statement: “People
have their own disposition. Here are some statements of people’s description of their
disposition.Howsimilar areyou to thesepeople?”The respondentswerenotprompted
with this question in the 2000 follow-up wave, but the same construct of psycholog-
ical disposition was used in both waves. The statements composing the disposition
construct are as follows: I always look on the bright side of things; I like to keep
my belongings neat and clean; I often feel fearful or anxious; I often feel lonely and
isolated; I can make my own decisions concerning my personal affairs; The older I
get, the more useless I feel; I am as happy now as when I was younger. In the baseline
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wave, there were five possible responses to each statement, including very similar (1),
similar (2), so-so (3), not similar (4), and not similar at all (5). The possible responses
in the 2000 follow-up were always (1), often (2), so-so (3), bad (4), and very bad (5).
An overall assessment of psychological disposition was derived from the total score
of the responses to these statements (Cronbach’s alpha = 0.63).

The main independent variable is living arrangements, which was measured with
a five-level categorical variable as follows: with a spouse only; with children and/or
grandchildren; with siblings, parents, and/or others; in a nursing home; and living
alone (reference group). These categories are mutually exclusive, but respondents
living with children or grandchildren may be co-residents with other family mem-
bers, such as parents, siblings, spouses, in-laws, and others.

The analysis included a three-level categorical variable to identify respondents
who experienced a change in living arrangements between T1 and T2: moving into
co-residence, moving out of co-residence, and other or no changes in living arrange-
ments. About 10 percent of the target population experienced a change in living
arrangements. Another dummy variable identified respondents having a child living
in close proximity. Close proximity is defined as having a child living in the same
village/neighborhood, the same township/district, or the same county/city. About
81 percent of the target population have a child living in close proximity. Table 12.1
presents the descriptive statistics for change in living arrangements, having a child
living in close proximity, and all the other explanatory variables.

Socioeconomic status was measured with four variables. Education was mea-
sured in years. The distribution of education is skewed, with most respondents
having little or no formal education. We experimented with different strategies to
measure education (e.g., using a dummy indicator for respondents having no for-
mal education). The results from these analyses are not substantively different from
those reported in the paper. A dichotomous variable was used to indicate if the
respondent’s main occupation at age 60 was in agriculture or fishery. Over half
of the target population were employed in agricultural or fisheries work. We used
the husband’s occupation to measure women’s occupational status because many
oldest old women were never employed outside the home. The primary source of
financial support was measured in three levels: own income, family members, and
government assistance. About 24 percent depended on personal income, 69 per-
cent on families, and 7 percent on government assistance. Having fresh fruit (an
important socioeconomic status indicator in China after controlling for urban–rural
differences) was measured on a four-level ordinal scale: rare/never, occasionally,
regularly except in winter, and almost everyday. On average, the elderly in the target
population have an occasional frequency of having fresh fruit.

Physical health status was measured with three variables. Self-reported health
was measured with a five-level ordinal variable, ranging from excellent (5) to poor
(1). The mean score for self-reported health was high (3.8). A dichotomous variable
was introduced to indicate the presence of any chronic health conditions, such as
hypertension,diabetes,heartdiseases, stroke, cataracts, cancer, bedsore, etc.Overhalf
of the target population (51 percent) reported a chronic health problem. An ordinal
scale was used to measure activities of daily living, which cover bathing, dressing,
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Table 12.1 Definitions and descriptive statistics for control variables used in the multivariate anal-
yses of psychological disposition: China, 1998–2000

Variable Variable definition and code Mean or % SD

Change in living
arrangements

between T1 and T2
Moving into co-residence Dummy indicator (1 = yes, 0

= no)
4.2% –

Moving out of co-residence Dummy indicator (1 = yes, 0
= no)

5.9% –

Other/no change Reference category 89.9% –

Proximity (T1)a Dummy indicator (1 = have
at least one child living in
close proximity)

80.7% –

Socioeconomic status
Education Completed years of

schooling
2.09 3.67

Occupation at age 60 Dummy indicator (1 =
agriculture/fishery, 0 =
otherwise

53.4% –

Source of financial
support (T1)
Own income Dummy indicator (1= yes, 0

= no)
23.9% –

Government assistance Dummy indicator (1 = yes, 0
= no)

7.2% –

Family Reference group 69.0% –

Fruit (T1) Frequency of having fresh
fruit (1 = rare/never, . . ., 4
= almost everyday)

2.06 1.13

Health status
Health (T1) Self-reported health status in

5 levels (1 = poor, . . ., 5 =
excellent)

3.75 0.79

Chronic condition (T1) Dummy indicator (1 =
presence of any chronic
condition, 0 = otherwise)

50.7% –

ADLs (T1) Number of limitations of
activities of daily living
(max = 6)a

0.41 1.04

Demographic variables
Female Dummy indicator (1 = yes, 0

= no)
62.6% –

Age (T1) Age in years 88.96 7.18
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Table 12.1 (Continued)

Variable Variable definition and code Mean or % SD

Marital status (T1)
Widowed Dummy indicator (1 = yes, 0

= no)
68.9% –

Separated/divorced/never
married Dummy indicator (1 = yes, 0

= no)
3.6% –

Marrieda Reference category 27.5% –
Children (T1) Number of living children 2.63 2.10

Siblings (T1) Number of living siblings 0.61 1.02

Ethnicity Dummy indicator (1 = ethnic
minority, 0 = Han)

7.4% –

Rural residence (T1) Dummy indicator (1 = yes, 0
= no)

63.5% –

N 3,625

Weighted means or percentages, unweighted N .
a See text for detailed description.

toileting, transferring, continence, and feeding. The prevalence of activities of daily
living limitations is generally low, with the average number under one per elderly
person.

The study controlled for several demographic variables. A dichotomous variable
was used to indicate female gender. Women comprise about 63 percent of the target
population. Age was measured in years. The mean age is about 89 years. A three-
level categorical variable was used to measure marital status. The separated and the
divorced were combined with never married respondents because these events were
uncommon for the oldest old. Approximately 69 percent of the target population
are widows, 28 percent are married, and less than 4 percent are separated, divorced,
or never married. A continuous variable was used to indicate the number of living
children and another for the number of living siblings. On average, elderly persons
in the target population have 2.6 surviving children and less than one surviving
sibling. A dummy variable was used to indicate minority group membership and
another to indicate rural residence. The study population is comprised of about 7
percent ethnic minorities (non-Han Chinese). The majority of the target population
(64 percent) lives in rural areas.

The study used random effects models in the data analysis (Laird and Ware 1982)
to adjust for the cluster effects in the CLHLS and obtain valid estimates of param-
eters and standard errors. This statistical method is preferable over OLS models,
which would underestimate the standard errors. In this study, we propose the fol-
lowing simplified random effects model:

yi j = μN +
m∑

k=1

xi jkβk + αi + εi j, i = 1, 2, . . . ,c, j = 1, 2, . . . ,ni (12.1)
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where yi j is the observed value of the dependent variable for the j th respondent in
the i th county/city; μN is the intercept (the overall mean of the response measure);
xi jk represents the kth explanatory variable (including the four dummy variables
indicating four different living arrangements and covariates in Table 12.1); βk is
the corresponding unknown fixed-effects parameter; αi ∼ iid N(0, δ2

N ), and εi j ∼
iid N(0, δ2

ε ). The first two terms on the right-hand side of Eq. 12.1 comprise the
fixed effects part of the model, and (αi + εi j) forms the random effects part of the
model. The variance components δ2

N and δ2
ε measure the variation, respectively, of

counties/cities and respondents in terms of the response measure. Equation 12.1 can
also be seen as a two-level hierarchical linear model (Bryk and Raudenbush 1992)
because the respondents are nested in each city or country. The parameters and
variance components in the random effects models were all estimated using the Re-
stricted Maximum Likelihood (REML) method available in the SAS mixed models
procedure (Littell et al. 1996).

12.6 Results

Using first wave data of the CLHLS, Table 12.2 shows that age tends to determine
the type of oldest old living arrangement. Across all age groups, living with children
or grandchildren remains predominant, but this living arrangement becomes signif-
icantly more prevalent with advanced age. In 1998, 62 percent of individuals 79–84
years of age reported living with children or grandchildren. The prevalence was 71
percent for those 85–89, 76 percent for those 90–94, 84 percent for those 95–99, and
85 percent for those 100 and above. Similarly, the prevalence of living with a spouse
only and living alone steadily decreases with advanced age, which likely accounts
for the increases in living with children or grandchildren.

Table 12.3 presents the unstandardized regression coefficients from the random
effects models of the relationship between living arrangements (T1) and psycho-
logical disposition (T2). Model 1, which adds T1 mental health and demographic
controls, offers a preliminary confirmation of Hypothesis 1. As the baseline model
indicates, oldest old individuals living in family co-residential households tend to

Table 12.2 Living of arrangements of oldest old Chinese by selected age groups, 1998

Age
Living arrangements <85 85–89 90–94 95–99 100+

Spouse only 14.8 8.4 4.5 2.5 0.1
Children/great/grandchildren 62.0 70.9 75.7 83.7 85.1
Siblings/parents/others 2.1 2.4 1.9 2.1 3.3
Nursing home 7.7 5.2 5.3 3.2 3.9
Living alone 13.5 13.0 12.6 8.5 7.7

Total 100% 100% 100% 100% 100%

Weighted percentages. Chi-square = 192.3 (df = 16), p < 0.001, N = 9, 093.
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have superior psychological disposition compared to those living alone. Those living
in nursing homes are not significantly healthier than those living alone.

Model 2 in Table 12.3 examines whether a change in living arrangements (be-
tween T1 and T2) affects psychological disposition among the oldest old. Considering
that undesirable or uncontrollable change is potentially harmful to an individual’s
mental health (Pearlin 1989), we hypothesized that a change in living arrangements
would decrease psychological disposition because it usually represents an unde-
sirable or uncontrollable event for the oldest old. For example, moving into a co-
residential living arrangement may be indicative of recent widowhood or the onset
of severe functional limitations (loss of control), both of which have negative impli-
cations for psychological health (Smith et al. 2002). Moving out of a co-residence
usually implies an overall loss of social support and greater chances for social isola-
tion. Confirming Hypothesis 2, Model 2 indicates that both moving into and out of
a co-residential household have negative implications for psychological disposition.

Model 3 (in Table 12.3) examines the effects of having a child living in close prox-
imity on psychological well-being among the oldest old. Although previous research
indicates that proximity is an important indicator of overall social support available
to older Chinese parents (Bian et al. 1998), our findings show a non-significant rela-
tionship between proximity and psychological well-being, falsifying Hypothesis 3.

The final model (Model 4) in Table 12.3 includes all previous variables and
incorporates socioeconomic and health status controls. Given that socioeconomic
status and health status are indicative of the need for social support, the effects of
living arrangements and other variables may be suppressed (or intensified) because
specific types of individuals are likely to be “selected” into specific types of living
arrangements. For example, those individuals with comparatively high functional
impairments may be selected into a co-residential household because their phys-
ical status reduces their ability to function independently. Such a selection effect
could potentially suppress the benefits of co-residential living arrangements, for
these households would thus include a disproportionate number of individuals with
functional impairments or other health problems, which are health risk factors.

For the most part, however, the findings in the final model are consistent with pre-
vious models. The net effects of living arrangement, change in living arrangement
(moving out of a co-residence), and proximity are unchanged from the preceding
models. But the negative effects of female gender and widowhood disappear in the
final model, suggesting that the health-damaging effects of these statuses may be
a function of socioeconomic or health disparities. Interestingly, our findings imply
that siblings are an important source of social support because the health advan-
tage related to number of living siblings disappears when socioeconomic status and
health status are held equal.

Finally, Table 12.3 indicates that individuals from rural areas report lower levels
of psychological well-being compared to those from urban areas. This finding is not
unexpected considering the deep disparities in state pension coverage and medical
services between the rural and urban sectors (Pei and Pillai 1999).

The final model in Table 12.3 is repeated in Table 12.4 by selected age groups. We
began the analysis by disaggregating the oldest old into two categories, octogenarians
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Table 12.3 Random effects models of psychological disposition (T2) on living arrangements (T1):
China, 1998–2000

Independent variable Model 1 Model 2 Model 3 Model 4

Living Arrangements (T1)
Spouse only 0.628∗ – – 0.689∗

Children/great/grandchildren 0.682∗∗∗ – – 0.719∗∗

Siblings/parents/others 1.015∗ – – 1.114∗

Nursing home 0.115 – – 0.385
Living alonea

Change in living arrangements (T1, T2)
Moving into co-residence – −0.848∗∗ – −0.377
Moving out of co-residence – −0.855∗∗ – −0.973∗∗∗

Other/no changea

Proximity (1 = yes) – – −0.029 −0.005

Psychological disposition (T1) 0.253∗∗∗ 0.252∗∗∗ 0.254∗∗∗ 0.187∗∗∗

Socioeconomic status (T1)
Education – – – 0.090∗∗∗
Occupation at 60 (agriculture/fishery = 1) – – – −0.225
Source of financial support

Own income – – – 0.640∗∗∗
Government assistance – – – 0.201
Familya

Fruit – – – 0.280∗∗∗
– – –

Health status (T1)
Self-reported health status – – – 0.318∗∗∗

Chronic condition (yes = 1) – – – −0.228 †
ADLs – – – −0.174∗∗

Demographic variables (T1)
Female (yes = 1) −0.587∗∗∗ −0.582∗∗∗ −0.585∗∗∗ −0.188
Age −0.321 −0.291 −0.291 −0.228

Age square × 100 0.173 0.158 0.159 0.127
Marital status

Widowed −0.476∗ −0.2∗∗ −0.589∗∗∗ −0.308
Separated/divorced/never married −0.170 −0.276 −0.393 −0.077
Marrieda

Number of living children 0.045 0.049 † 0.045 0.045

Number of living siblings 0.115 † 0.122∗ 0.117 † 0.095
Ethnicity (minority = 1) −0.134 −0.126 −0.127 −0.108
Rural residence (yes = 1) −1.234∗∗∗ −1.185∗∗∗ −1.205∗∗∗ −0.826∗∗∗

Intercept 35.254∗∗∗ 34.423∗∗∗ 34.379∗∗∗ 29.960∗∗

Covariance parameter estimate
σ̂ 2

e σ̂ 2
N 2.725∗∗∗ 2.675∗∗∗ 2.711∗∗∗ 2.413∗∗∗

σ̂ 2
N σ̂ 2

e 11.599∗∗∗ 11.604∗∗∗ 11.649∗∗∗ 11.321∗∗∗

−2 REML log likelihood 19638 19635 19653 19540
a Reference category.
∗ p < .05∗∗ p < .01∗∗∗ p < .001 (two-tailed test);.
† p < .05 (one-tailed test).
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Table 12.4 Random effects models of psychological disposition (T2) on living of arrangements
(T1) by selected age groups: China, 1988–2000

Age

Independent variable 80–89 90+

Living arrangements (T1)

Spouse only 0.725 † 0.609

Children/great/grandchildren 0.657∗ 0.730 †
Siblings/parents/others 1.360∗ 0.583
Nursing home 0.616 −0.069
Living alonea

Change in living arrangements (T1, T2)
Moving into co-residence −0.144 −0.707
Moving out of co-residence −1.215∗∗∗ −0.516
Other/no changea

Proximity (1 = yes) 0.214 −0.355

Psychological disposition (T1) 0.147∗∗∗ 0.220∗∗∗

Socioeconomic Status (T1)
Education 0.124∗∗∗ 0.036
Occupation at 60 (agriculture/fishery = 1) −0.157 −0.269
Source of financial support

Own income 0.851∗∗∗ 0.194
Government assistance 0.286 0.139
Familya

Fruit 0.261∗∗ 0.374∗∗∗

Health status (T1)

Self-reported health status 0.362∗∗∗ 0.270 †
Chronic condition (yes = 1) −0.238 −0.304
ADLs −0.307∗∗ −0.077

Demographic variables (T1)
Female (yes = 1) −0.175 −0.371

Marital status
Widowed −0.214 −0.202
Separated/divorced/never married −0.062 0.042
Marrieda

Number of living children 0.063 0.014
Number of living siblings 0.111 0.089
Ethnicity (minority = 1) 0.504 −0.682
Rural residence (yes = 1) −1.032∗∗∗ −0.669∗∗

Intercept 20.368∗∗∗ 19.407∗∗∗

Covariance parameter estimates
σ̂ 2

N 1.740∗∗∗ 3.0∗∗∗

σ̂ 2
e 11.491∗∗∗ 11.147∗∗∗

−2 REML log likelihood 11426 8165
a Reference category.
∗ p < .05∗∗ p < .01∗∗∗ p < .001 (two-tailed test).
† p < .05 (one-tailed test).
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and nonagenarians/centenarians. Small sub-sample sizes prevented further
breakdown of the age groups. As expected, the findings confirm that living arrange-
ments (and other variables) have differential effects on psychological disposition be-
tween these age groups, confirming Hypothesis 4. For octogenarians, all family co-
residential households have a beneficial effect on psychological well-being. How-
ever, for those aged 90+, only living with children or grandchildren has a beneficial
effect, with all other living arrangements having non-significant effects.

Living with a spouse only (or with siblings, parents, or others) becomes non-
significant for those 90+ probably because the quality of social support a household
can supply is partially a function of the mean age of all household members. Those
individuals who are 90+ and living with a spouse only (or with siblings, parents,
or others) may not have sufficient social support, despite living in a co-residential
household. Assuming that the members of these households are roughly of similar
age, the available social support would be significantly depreciated by the advanced
age of each household member. For example, a 95 year-old spouse or sibling could
not be expected to supply the same level of activities of daily living assistance as an
80 year-old spouse or sibling could.

12.7 Discussion and Conclusion

We argued in this chapter that living arrangements represent differences in social
support and, therefore, explain the distribution of different psychological disposi-
tions among the oldest old. We began our empirical analysis by examining the gross
effects of different living arrangements on disposition. The results confirmed the
primary hypothesis, indicating that individuals living in family co-residential house-
holds have better dispositions than those living alone. These results are consistent
with well-established patterns indicating that elderly individuals benefit from social
support provided by adult children, particularly when the demand for assistance is
greatest, such as from functional impairments that impede independent living (Chen
and Silverstein 2000; Silverstein and Bengtson 1994). After introducing socioeco-
nomic and health status controls (including functional limitations), both highly pre-
dictive of the individual demand for social support, there was no significant change
in the relationship between living arrangement and psychological disposition.

Two noteworthy trends are evident in these results. First, the differences between
our selected family co-residential living arrangements are non-significant. That is, in
analyses not reported here, findings indicate that living with children or grandchil-
dren does not have a greater effect than living with a spouse only. Similarly, living
in a family household (with children, grandchildren, or a spouse only) is no better
or worse for psychological disposition than living with siblings, parents, or others.
Second, the benefits of family co-residential living arrangements persist regardless
of socioeconomic and health disparities, or variation in the need for instrumental
support. These findings indirectly specify that emotional support is an especially
relevant factor in the psychological disposition of the oldest old. Moreover, as-
suming that the main difference between our selected family co-residential living
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arrangements is structured by differences in the provision of instrumental support
(with younger, multi-generation households presumably offering the best supplies),
this type of support has a weaker effect on psychological disposition than expected.

The inferred effect of family-based emotional support is not surprising. Many
oldest old individuals have few, if any, surviving friends given their advanced age.
Further, the steady onset of functional limitations reduces their mobility, an obvious
constraint on an active social life. From this perspective, family members are an
important, and perhaps exclusive, source of social interaction and companionship
for many oldest old people. To the extent that emotional support reflects belonging
to a caring social network, it may have more profound effects on psychological
disposition than instrumental support; it is dependent on having close family mem-
bers or friends, whereas instrumental support can be obtained from far less personal
sources. In fact, findings from prior research demonstrate that emotional support
is less replaceable than instrumental support for the oldest old (Walter-Ginzburg
et al. 1999).

While we continue to believe that instrumental support is crucial, its effect may
be suppressed because a decline in personal control (i.e., increased dependence
on others) often parallels the demand for instrumental support (Chen and Silver-
stein 2000). The presumed greater supply of instrumental support within younger,
multi-generation households is not meaningless. Although we controlled for the
expected demand for social support (i.e., socioeconomic and health disparities), if
younger, multi-generation households do indeed contain the most individuals with
relatively high functional impairment, then differences in personal control between
these individuals and those from other household types may well explain why there
are no significant differences in how our selected family co-residential households
influence psychological disposition. Following this logic, a task of future research
should examine how types of social support vary across different living arrange-
ments, and how variations in the demand for specific types of social support pattern
the distribution of psychological health in the elderly population.

This study contributed to the literature by further explicating the relationship
between living arrangements and psychological disposition among the oldest old.
Family co-residence remains the “core of support” for elderly people (Bian et al.
1998). Current demographic projections and social policies suggest that an increasing
numberofelderly individualswillhave to livealone (Zeng etal. 2002).Thismeans that
these individuals may experience unmet instrumental and emotional needs. Further,
primary eldercare givers will face an increasingly heavy burden of domestic work.
Since women are the main providers of eldercare, this burden may reduce Chinese
women’s mental health through prolonged role strain, or even suppress equality by
restricting women’s capacity to enter the labor market full-time. In these respects,
government intervention is required to foster healthy aging and ensure that the burden
of eldercare does not become a persistent source of gender inequality.
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Chapter 13
Health and Living Arrangement Transitions
among China’s Oldest-old

Zachary Zimmer

Abstract This chapter begins with the notion that families in China act altruistically
toward the old in that they operate as a single corporate unit, aiming toward the com-
fortable survival of all members. Coresidence with elders, based on this perspective,
more likely occurs when needs are greatest, for instance, when health deteriorates
or spouse dies. There is also the possibility of gender variation due to differences
in authority and emotional bonds between older women and men and their families.
These notions are tested. Cross-sectional and transitional multinomial models link
health status measures with living arrangement outcomes. Results show changes in
living arrangements occur frequently. Functional limitations are more strongly as-
sociated with living arrangements than are other health indicators. Health indicators
are more strongly related for those not married. Gender interactions show health
change most likely triggers a living arrangement response for women. Implications
for a rapidly aging China are discussed.

Keywords Activities of daily living, Age, Aging, Altruism, China, Chinese Healthy
Longevity Survey, Cognition, Health disorders, Family, Filial piety, Functional
limitations, Gender, Health, Living arrangements, Living alone, Living with
children, Living with others, Living with spouse, Longitudinal analysis, Marital
status, Medical health, Mini-mental state exam, Multinomial regression, Oldest-
old, Panel data, Social change, Social support, Traditional family, Transitional
model

13.1 Introduction

The oldest-old are at a high risk of experiencing chronic and mental health disorders
and diminished ability to undertake functioning tasks necessary for self-maintenance
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(Zeng et al. 2002). As a consequence, they require high levels of physical, emo-
tional and material support. While support can hypothetically come from a variety
of sources, including personal resources, public programs, and exchanges with in-
dividuals that are part of a social network, for the oldest-old of China, the first two
are likely to be limited in scope, and reliance is weighted toward network sources of
support (Yuan 1990; Zimmer and Kwong 2003). Support for the oldest-old in China
is in part a function of living with or near kin, since those who coreside with family
are more likely to receive the help they need compared to those who do not (Logan
et al. 1998; Pei and Pillai 1999; Yan and Chi 2001). In fact, household composition
for the oldest-old can be considered an indicator of well-being, and may be the result
of a life-long strategic process that positions them for late-life security (Albert and
Cattell 1994). This chapter examines living arrangements and living arrangement
transitions. A central focus compares the types of transitions typical of those with
health problems versus those whose health is relatively good.

13.1.1 Theoretical Perspective and Study Hypotheses

In the opening chapter of his edited volume China’s Revolutions and Intergenera-
tional Relations, Whyte (2003) notes that historically the needs of the old in China
were thought to come ahead of other family members, and as far as grown children
were concerned, the dutiful repayment of debt was necessary for having been born
and raised by parents. Whyte (2003: 8) observes that “(w)hatever other insecurities
they faced, most parents could rest secure in the knowledge that their children would
place parental needs ahead of their own.” Filial piety and dutiful repayment to older
members of a family were facilitated through a system of coresidence with grown
children, usually a married son. The son would ensure the material needs of the
older adult, while the daughter-in-law would take care of physical needs. The Com-
munist Party took over political power in China in 1949 and advanced policies that
attempted to erode family functions and stress the importance of loyalty to the state
(Leung 2001). Despite attempts to de-emphasize the family, filial support did not
weaken to any great degree, and there were overall minimal changes in normative
structures and living arrangements (Treas and Chen 2000; Whyte 2003). Today in
China, older adults are integrated into a system where they both receive and provide
support within the family, and they have a relatively high chance of living with
grown children or other family members (Liang et al. 1992; Logan et al. 1998).

Enduring filial piety and high levels of coresidence between an older adult and
their children are often explained using an “altruistic” perspective (Becker 1974;
Lee et al. 1994; Hermalin 2002; Zimmer and Kwong 2003). This perspective pre-
sumes that in societies that adhere to altruistic ideals the family acts to pool resources,
allocates them efficiently, and in this way assures the survival of each member. This
assumes that physically able family members are obliged to provide support for those
unable to take care of their own self-maintenance. It also assumes that those most in
need will receive the greatest volume of support, even if they have little to offer in
return, since their survival is critical for the well-being of the entire family.
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Recent empirical evidence from China tends to substantiate the altruistic nature
of the family by showing that support is most likely provided to older adults in
greatest need, that, in turn, older adult needs underlie intergenerational coresidence,
and that tendencies to coreside and receive support from coresident family members
have changed little despite rapid changes in other social and economic structures
(Lee et al. 1994; Logan et al. 1998; Pei and Pillai 1999; Whyte 1997, 2003). In
this chapter we examine health status as an indicator, and assume that the altruistic
tendency of the family will become most evident in cases where an older adult exhibits
poor physical and/or mental health: those with poor health will be more likely to live
withothers, tomoveinwithothersovertime,and toremainlivingwithothersovertime.

Although the altruistic perspective has been useful in explaining high rates of
coresidence, it tends to ignore several dynamics that result in variations in associa-
tions between health and living arrangements. First, effects are likely to differ across
marital status (Friedman et al. 2003; Knodel and Ofstedal 2002). In a practical sense,
marital status determines the set of living arrangements available to an individual.
For instance, married individuals are at very low risk of living alone. This creates the
analytical problem of different risk sets across different marital statuses. In a theo-
retical sense, the spouse is likely to be the one to provide support first and foremost;
but older adults who are widowed or unmarried may be particularly vulnerable and
therefore in greatest need. Having a spouse, then, is likely to influence the nature
of relationships with living arrangements, and health may be a less consequential
determinant for those with a spouse, while those without a spouse in poor health
may be particularly likely to be living with children or other family members.

Second, there may be distinct gender differences in the tendency to receive sup-
port and live with others. A common perspective for examining the consequences
of gender in the aging experience is to consider life-course effects, stressing the
links between earlier and later stages of life (Friedman et al. 2003). For instance,
because of a lifetime spent in marginal economic and decision-making positions,
elderly women living in patriarchal societies such as China are often thought to be
in a vulnerable position, not possessing the power or the economic authority needed
to demand support from the younger generation (Mason 1992). An alternative view,
posited in a number of recent studies, is that older women may actually command
greater emotional loyalty than their male counterparts due to the recognition that
they have sacrificed more in raising the family, and to the subsequent emotional
bonds that develop between mothers and children (Beales 2000; Kandiyoti 1988;
Knodel and Ofstedal 2002; Yount 2005). In addition, older women gain respect of
the family in other ways, such as through their ability to continue to be functionally
useful by conducting household tasks and acting as caretakers of grandchildren,
even after male usefulness as income earners has declined. Hence, in some ways,
the status of women and their ability to garner respect and support from family
members surpasses that of men in later years.

Based on the above, we propose several hypotheses:

(1)The oldest-old with health problems are more likely to be in coresident living
situations than are those without health problems.
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(2)The oldest-old with health problems are more likely to move into a coresident
living situation or remain coresiding with others than are those without health
problems.
Given differences in effects across marital status, we also hypothesize that:

(3)The above relationships should be stronger among those not married as opposed
to those married.

With respect to gender, we make no assumptions regarding differences in effects,
but we do test for these with the introduction of interactions between gender and
health.

Recent empirical work in China, in other Confucian societies, and through-
out Asia, has generally supported the first of the above stated hypotheses by
showing that living arrangements of older adults are at least partly a function of
health; however, these studies do not especially focus specifically on the oldest-old,
who would tend to be most likely to have health problems (Brown et al. 2002;
DaVanzo and Chan 1994; Frankenberg et al. 2002; Kim and Rhee 1997; Knodel
and Ofstedal 2002; Logan and Bian 1999; Martin 1989). Studies show that other
important determinants of living arrangements, besides sex and martial status, are
size of family, socioeconomic status and age. Studies have largely been based on
cross-sectional data. However, living arrangements of older adults are dynamic,
changes can occur over short time intervals, and these cannot be fully captured
using cross-sectional data. The second hypothesis, which requires panel data, has
thus received little attention.

13.2 Data, Measures and Methods

The data we use for the analyses conducted in this chapter are from the 1998 Chinese
Healthy Longevity Survey and the 2000 follow-up. (The two waves will be referred
to as time of origin and time of follow-up.) Details of the study and the sample can
be found in a number of publications (Zeng et al. 2001, 2002, 2003) and in Chap. 2
of this volume. Our research is restricted to those living in the community at origin
and those with any living children both at time of the initial survey in 1998 and at
follow-up in 2000. This limits the final sample size at origin to 7,398 respondents.
By the time of the 2000 survey (from this point forward referred to as the time of
follow-up), 0.4 percent of the individuals had moved into a nursing home, 18 percent
had died, and 11 percent were lost to follow-up. All results (including Ns) pertain
to the weighted sample.

13.2.1 Living Arrangement

The outcome for this study is living arrangement at follow-up. No single agreed
upon living arrangement classification scheme exists. Yet, the classification decision
is an important one, given that the categories used and the scope of the definition has
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implications for transitions. For instance, dichotomously measured, as, say, living
alone versus with others, the structure of a household may appear to be stable, that
is, those living with others may rarely make a move to living alone, and those living
alone may rarely move in with others. But, separated into multiple subcategories,
for instance, ones that account for the specific relationships of each individual in a
household, the structure may be deemed to be much more flexible. For instance, an
individual may continue to live with others, but the relationships among individuals
living in the household may change.

There have been several schemes put into use in cross-cultural and cross-national
research that account for marital status, household headship, and living situation vis-
a-vis offspring (Cowgill 1986; Kinsella 1990; Knodel and Ofstedal 2002; Shanas
et al. 1968). These various schemes have been drawn together in a recent discussion
by DeVos (2003). The classification used here is based on this latter discussion. It
is meant to highlight important divisions in Chinese households while being parsi-
monious, but not so limiting as to underestimate important changes that take place
in household structure. Perhaps the most basic distinction in China is the division
between living with and without children (Logan et al. 1998; Zeng et al. 2001). Due
to the age of the current sample, living with children means, in all cases, living with
adult children. Those who do not live with children may be living alone or with a
spouse only, depending upon their marital status. In addition, there may be others
living in the household, such as siblings or grandchildren.

The outcome variable in this research first determines whether an individual lives
with at least one child. If so, then the person is categorized as living with children,
regardless of whether there are others also in the household. Other possible cate-
gories for married individuals not living with children are living with spouse only
or living with spouse and others. We simply call the latter category “living with
others.” Other possible categories for those not married are living alone or living
with others. When married and unmarried are combined, the living arrangement
measure has four categories: with children; with spouse; alone; with others. But
those currently married are not considered to be at risk of living alone and those
currently not married, that is, those currently divorced, separated or widowed, are
not considered to be at risk of living with a spouse.

13.2.2 Health

The first health measure is whether or not an individual has a functional limitation.
This is determined by questions about ability conducting the following Activities of
Daily Living (ADLs): bathing, dressing, toileting, getting out of bed or a chair, con-
tinence, and feeding (Katz et al. 1963). Those who report that they cannot conduct
at least one of these tasks, on their own, have a functional limitation.

The second is reporting of a medical health problem. This is constructed from
questions that ask whether respondents suffer from any of the following: hyper-
tension, diabetes, heart disease, stroke, respiratory disease, tuberculosis, cataract,
glaucoma, cancer, gastrointestinal disease, Parkinson’s disease, or bedsores. Those
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who report at least one of these is considered to have a medical health problem,
which, here forward, is simply referred to as a health problem. It is understood that
these problems are often asymptomatic and may require diagnosis from a medical
professional, while contact with a medical professional may not be frequent in some
parts of China, particularly in rural areas. Therefore, caution needs to be taken when
interpreting these results.1

The third is a measure of cognitive health using nineteen items from the Mini-
Mental State Examination (MMSE) (Folstein et al. 1975). The MMSE and subscales
derived from it have been used extensively to measure cognitive functioning of older
adults across cultures, including the Chinese, and it has been found to be a valid
measure of cognition, with high internal and content validity, among Chinese popu-
lations (Chiu et al. 1994; Herzog and Wallace 1997; Katzman et al. 1988; Ofstedal
et al. 1999). The nineteen items include five on orientation (for example, naming the
current day and month), six on word recall (words are mentioned and respondents
are asked to repeat them), five on calculation (individuals are asked to subtract three
from twenty, then three from the resulting total, and so on), and three on language
(repeating a sentence and naming simple items that are shown to the respondent, like
a pen). A continuous measure is calculated by scoring one point for each mistake a
respondent makes. Those who score 0 are cognitively intact, while those scoring 19
have severe dementia.2

13.2.3 Covariates

Multivariate models control for other variables that have proven to be impor-
tant determinants of living arrangements among older adults in Asian societies
(Albert and Cattell 1994; Brown et al. 2002; DaVanzo and Chan 1994; Frankenberg
et al. 2002; Knodel and Ofstedal 2002; Logan et al., 1998; Martin 1989; Zimmer and
Kim 2001). These include socioeconomic characteristics, availability of children,

1 Various coding schemes for both functional limitation and health problems were tried, includ-
ing continuous measures and categorical measures dividing severity. A dichotomous coding was
deemed best since both measures tend to be quite skewed, with very few respondents reporting
more than one or two limitations or problems, and testing revealed few significant differences
between those with more than one functional limitation or health problem.
2 Regarding missing responses, there were 43 missing responses for functional limitation (before
limiting the sample for those living in the community with children at both time points), but only
four respondents had more than one missing response across the six items. For the 39 with only one
missing response, they were considered to have a functional limitation if they reported a difficulty
with one of the remaining five items. The other four cases were excluded from the analysis. For
the health problems, there are quite a few missing responses (up to 10 percent of the population
per item), and these are treated as not reporting the problem. Thus, health problems may be un-
derestimated and this presents another reason to interpret with caution. For the MMSE score, there
was a category for “cannot answer the question” for each of the 19 items. It is assumed that this
represents a cognitive impairment and is coded as an incorrect response; however it is also possible
that some legitimate missings are miscoded.
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and marital status. Socioeconomic characteristics are age, gender, education, occu-
pation and rural residence. Tests show that a linear treatment of age is adequate,
while the other four measures are dichotomously measured.

Availability of children includes number of living children and having a son. For
multivariate purposes, number of children is coded as dummy variables that contrast
having one child with having two, three, four, or five or more children. This coding
decision was determined by preliminary tests that found the measure to be related
to living arrangement in a non-linear way.

Our analysis divides the sample into those not married and married at follow-
up, but marital status at origin, measured dichotomously, is controlled. Changes in
marital status over time run in both directions. Of those who originated married
and survived to follow-up, about 21 percent (311 cases) were not married at follow-
up, likely due to the death of a spouse. Of those not married at time of origin and
surviving to follow-up, about 2 percent (79 cases) reported being married at follow-
up. Table 13.1 provides means, standard deviations, and a description of the coding
scheme, for all of the above determinants, measured at time of origin.3

13.2.4 Analytical Strategy

The analysis begins with descriptive breakdowns of living arrangements at time
of origin and follow-up. Crosstabulations show living arrangement distributions at

Table 13.1 Means and standard deviations of study measures, determined at time of origin, and
coding used for analyses

Measure Mean Standard
deviation

Coding

Age 83.807 3.611 Continuous from 80 to 105
Female 0.619 0.486 1 if female, 0 if male
Education 0.374 0.484 1 if any, 0 if none
Agricultural occupation 0.538 0.499 1 if yes, 0 if no
Rural residence 0.659 0.474 1 if rural, 0 if urban
Number of children 3.723 1.913 Dummy variable coding

contrasting 1 child versus 2,
3, 4, and 5 or more

Has a son 0.901 0.298 1 if yes, 0 if no
Is married at origin 0.275 0.446 1 if yes, 0 if no
Has functional limitation 0.180 0.384 1 if yes, 0 if no
Has health problem 0.479 0.500 1 if yes, 0 if no
MMSE score 2.894 3.956 Continuous from 0 to 19

3 Again, with respect to missing responses, there were some, though very few, missing responses
across the other determinants, and they were handled in the ways outlined in this note. These
decisions were all made after further analysis of the data on a number of levels: 8 cases missing on
marital status are likely not married and are coded as such; 34 cases with missing education likely
have no education and are coded as such; 4 cases with missing occupation are coded as being
non-agricultural; and 7 cases with missing ages are assigned the mean age of all other respondents.
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both times, distributions at follow-up by living arrangement at time of origin, and
competing risks, that is, being interviewed at follow-up versus moving into a nursing
home, dying, or being lost to follow-up by living arrangement at time of origin.

The multivariate analysis follows closely the methodology used by Brown et al.
(2002). Multinomial logistic regression equations regress the probability of being
in a particular living arrangement at the time of follow-up on health and other co-
variates. For reasons referenced earlier, the sample is divided into those not married
and those married. Two models are examined. The first looks at living arrangements
at follow-up according to determinants measured at origin. The second adds liv-
ing arrangement at origin. This changes the interpretation from effects on living
arrangements to effects on living arrangement transitions (Brown et al. 2002). We
code living with children and living with others at origin as dummy variables, which
contrasts these situations with living independently. When these two equal 0, coef-
ficients comment on the probability that someone who lives independently at time
of origin moves in with children or with others by follow-up. Similarly, coefficients
can comment on the probability that someone remains in a particular living arrange-
ment. Therefore, a transition is defined as the probability of being in any living
arrangement state at follow-up given a particular state at origin.

By first considering the influence of determinants on cross-sectional living ar-
rangements, and then by considering the influence on transitions, we are able to
assess whether living arrangements respond to determinants. For instance, if in the
first model an individual with poor health is found to be more likely to currently
live with children, and in the second model an individual with poor health is found
to be more likely to change to living with children, then it is relatively certain that
the event of poor health is triggering a response leading to living with children. As
such, this hierarchical technique is equivalent to an event history. What is not tested
is how quickly living arrangements respond to the determinants. This is because the
data do not include the timing of events and rather look at discrete points in time.

The three health indicators used are interrelated. For instance, the existence of
health problems or a cognitive disorder may lead to a functional limitation. We
therefore test models with indicators entered simultaneously and use each entered
independently. In order to assure that collinearity does not obscure results, we
present coefficients for these independent tests.

The final procedure introduces interaction terms for gender by each health mea-
sure and tests whether and how living arrangements and transitions of women and
men are influenced by health problems.

13.3 Results

Table 13.2, presented in three panels, shows several living arrangement distribu-
tions. For descriptive purposes, those married and not married are not separated
in this table. Panel A presents the distribution living in four categories of living
arrangement at time of origin and follow-up. This panel shows relative stability
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Table 13.2 Living arrangement distributions

Living arrangement state → Alone With
spouse

With
children

With
others

Total
N

Panel A Percent living in this state at. . .
origin 12.2 12.8 68.3 6.8 7,398
follow-up 14.0 12.3 67.1 6.6 5,182

Panel B Percent of survivors originating in
this state who. . .

lived alone at follow-up 64.8 7.1 5.9 16.5 632
lived with spouse at follow-up 3.3 68.5 3.4 7.4 683
lived with children at follow-up 25.1 19.2 87.1 39.0 3,541
lived with others at follow-up 6.8 5.2 3.6 37.1 360
changed status by follow-up 35.2 31.5 12.9 62.9

Panel C Percent originating in this state
who . . .

were interviewed at follow-up 70.5 72.7 69.2 72.8 5,182
were in nursing home at follow-up 0.7 0.7 0.3 0.4 30
died before follow-up 17.4 13.2 20.0 14.8 1,364
were lost to follow-up 11.5 13.3 10.6 12.0 823

in the distribution. For instance, the percent living alone increased only slightly
from origin to follow-up, from 12.2 to 14.0 percent. The percent living with spouse
and with children decreased slightly, and the percent living with others increased
slightly. The most common arrangement is living with children, and in both survey
waves this describes about 2/3 of respondents.

Despite stability in cross-sectional distributions, Panel B shows that when look-
ing at follow-up status according to status at origin, there were, indeed, a good num-
ber of changes. For instance, among those who originated alone, about 65 percent
were still living alone at follow-up while the remaining 35 percent were living in one
of the other three arrangements, the most popular of which was living with children.
Looking across originating states, it is clear that the majority of “movers” that is,
those living in a different state at follow-up than at origin, moved in with children.
Further calculations show that among those who originated alone, with spouse only,
or with others, and ended up in a different arrangement, about 2/3 ended up living
with children. The most stable state was living with children, as about 87 percent of
those who originated in this state still lived in it at follow-up. The least stable state
was living with others. Only 37 percent remained in this state at follow-up, while
fully 39 percent of those living with others lived with children at follow-up. This
suggests that living with others is often a transitory state. Of course, it is possible
that those living with children are also living with others, but living with children
takes priority in the coding scheme.

Further calculations also show that about one in four were living in a different
arrangement at follow-up compared to at origin. This can only be an underestimate
of the total number of changes that took place. Individuals may have experienced
changes in the inter-survey period that are not recorded using discrete time data.
For instance, an individual may move from living with children to living alone and
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back to living with children, and the data would record that their living arrangement
remained stable. Also, there are other more sensitive types of changes not included
in this categorization. For instance, an individual may change from living with a
son to living with a daughter, or living with a grandchild to living with a sibling.
In both cases, the categorization results in stability. It is difficult to determine the
precise number living with different individuals at origin and at follow-up, but closer
inspection of all available information on coresident individuals (for instance, their
age and sex), suggests that it is well over half.

Attrition is often a problem in longitudinal studies. In the current dataset, about
11 percent of the original sample was lost to follow-up, and there is a possibility
that these loses bias the results shown here and in the tables to follow. For this
reason, we also present Panel C, which examines competing risks. Here we show
the percent of those living alone, with a spouse, with children and with others, at
time of origin, that survived, moved to a nursing home, died, and were lost to
follow-up. It is noteworthy that the percent lost to follow-up is consistent across
originating living arrangements. Therefore, there is no initial indication that those
lost to follow-up are from a particularly unusual group with respect to the originating
living arrangements. About 70 percent of the originating sample responded to the
follow-up, and there is also very little difference in this proportion across originating
living arrangement states. However, those originating living with children were most
likely to die, a result that is consistent with older adults in poorest health moving
in with children for their final years of life. Moves into a nursing home were very
rare.4

13.3.1 Determinants of Living Arrangements and Living
Arrangement Transitions

Table 13.3 presents multivariate models predicting living arrangements at follow-up
separately for those not married and those married. The contrast category in both
cases is the following: for those not married the models contrast the probability of
living with children and living with others relative to the probability of living alone;

4 We further examined loss to follow-up by comparing this group to survivors with respect to
originating health status. The lost to follow-up group was a little more likely to have a functional
limitation at origin (20.7 versus 14.0 percent) and to have a health problem at origin (55.4 versus
46.1 percent) although their MMSE scores were a little lower (means of .584 versus .612). These
differences are not extremely large. Still, if poor health leads to changes in living arrangements,
the main association being tested here, then it is possible that attrition will lead to an underestimate
of the number of changes. It is also possible, since their health is somewhat worse at origin, that
there are some unaccounted for deaths in the loss to follow-up group. We also examined the loss
to follow-up group across other variables that are considered in the current analysis. They turn out
to be fairly similar to the surviving group across most of these. Although we can never know for
certain what happened to those who were not reinterviewed, the sum of these preliminary analyses
did not indicate that the loss to follow-up group are particularly unusual with respect to any of the
key variables being considered in this research.
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for those married, the models contrast the probability of living with children and
with others relative to living with spouse only. Results shown are log odds ratios.
Models were run with all health measures simultaneously and then with one at a
time. The health related coefficients for the latter are in parentheses. These control
for all other covariates. In general, results using health measures separately do not
diverge from results using them simultaneously, although the former tend to be a
little stronger.

It is clear that for those not married, functional limitations increase the likelihood
of living with children and with others relative to living alone, and functional limi-
tations relate to a higher probability of making these types of transitions. Reporting
a health problem increases the probability of living with others, but has a minimal
influence on living with children. Higher MMSE scores increase the probability
of living with children, but have little influence on living with others or on living
arrangement transitions. Thus, functional limitations have stronger effects on living
arrangements than do health problems or MMSE scores. In some regards, this makes
a good deal of sense. These are limitations in performing tasks necessary for daily
survival, like bathing, dressing and toileting, and therefore those with limitations are
truly in need of daily and regular physical assistance, and among those not married,
a spouse is not available to provide such help. An individual with a health problem,
like heart disease, or someone with minor cognitive problems, may or may not be
in need of regular physical assistance. The type of assistance needed for those with
functional limitations requires close living proximity, while those with health prob-
lems may get on quite well living independently, at least until problems manifest
into functional disabilities.

Moving on to those married, functional limitations do not increase the prob-
ability of living with children or with others and do not increase the probability
of transitioning into these arrangements. On the contrary, there are some significant
negative associations present. Specifically, among the married, those with functional
limitations are more likely to be living with spouse only than with children or others.
So, it appears that having a functional limitation when married actually discourages
living with individuals other than a spouse. Having a health problem increases the
probability of living with others, but does little to the probability of living with
children. Associations with MMSE scores are not significant.

In sum, there are some very clear distinctions in how health relates to living
arrangements. On the one hand, functional limitations appear as the most critical
health determinant, and for those not married, the results related to limitations sup-
port hypotheses (1) and (2). On the other, where limitations increase the chances
of living with children and others for those not married, it has the opposite effect
for those married. We will see shortly that these divergent effects may be explained
further by differences across genders.

Among the other covariates, there are some notable effects. Among those not
married, women are less likely than men to live with children and others, and are
less likely to transition into these arrangements, meaning that they are more likely
to live alone. This is particularly the case when contrasting living alone versus with
others. In contrast, there is no significant association between gender and living
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arrangements or living arrangement transitions among those married. Higher age
increases the probability of living with children and others, and of making these
types of transitions, although the effects are stronger and more likely to be signif-
icant among those not married. Increasing numbers of children does not relate to
higher probabilities of living with them. On the contrary, although there are some
inconsistencies, those with more children are generally less likely to be living with
a child. Perhaps it is the case that more children increases contact and the chances
of receiving assistance from children living outside the household, diminishing the
need for coresidence as a way to facilitate support, as has been speculated by others
(Bian et al. 1998; Logan and Bian 1999). Those with more children are also less
likely to live with those other than spouse or children, and of transitioning to this
arrangement. Here, more children might be lowering the obligation or need of as-
sistance from other family members. Having a son is thought to be important for
coresidence, but it increases the chances of living with a child, and decreases the
chances of living with others, only among those not married.

Being married at origin is an important determinant for those not married at
follow-up. This may indicate that a change in marital status, that is, from being
married to being not married, likely the result of becoming widowed, relates to a
particular living arrangement. Specifically, among those not married at follow-up,
being married at origin decreases the chances of living with a child but increases
substantially the chances of living with others and making a transition to living with
others. Therefore, it is likely that after becoming widowed older adults move in with
others, which itself is the most transitory state.

Finally, Model 2 includes living arrangements at origin and indicates that there
are higher chances of remaining in the same situation over time than of chang-
ing living arrangement states. It is worth mentioning that the coefficients for living
with children and transitions to living with children tend to be stronger among the
not married group, suggesting that the tendency to remain with children is slightly
greater for this group than for those married.

13.3.2 Interactions with Gender

At time of follow-up, there were 876 married men, 360 married women, 1,009 un-
married men, and 2,937 unmarried women in the data. Using these samples, we
next introduced gender and health interactions across those married and unmarried.
Results are provided in Table 13.4. The table shows log odds ratios for several vari-
ables: being female, the three health measures, and the interactions between being
female and health where significant. All other covariates are controlled for but are
not shown since these results remain consistent with those shown earlier.

When significant interaction effects are present, the association between a health
measure and living arrangement outcome differ between men and women. The gen-
der specific effects can be determined by summing the coefficients. For instance,
for those not married, Model 1 shows that the main effect of having limitations on
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living with at least one child at follow-up is –0.204. This is essentially the effect for
men, and indicates that unmarried men with functional limitations are less likely to
live with a child than are unmarried men without limitations, although the result is
not statistically significant, and therefore we cannot be confidant that the negative
effect is not due to sampling error. The interaction effect suggests that the effect
of functional limitations is +1.135 greater for females than for males. The net log
odds ratio for living with a child relative to alone for non-married for women with
functional limitations is (–0.392 – 0.204 + 1.135) = +0.539, while the net log odds
ratio for non-married men with functional limitations is simply –0.204. Therefore,
the hypothesis about functional limitation and living arrangements is supported for
women but not for men, considering Model 1 for those not married.

More generally, there is substantial gender variation in the influence of health on
the probability of living in various situations. Health by and large is more important
for women across the models and measures of health. Women in poor health are
much more likely than healthy women to live with children and others regardless
of marital status, and they are much more likely to transition into these situations.
Men in poor health are either less likely to be living with children and others, or
their health has less influence on their living situation. For the married group, this
may clarify some of the insignificance found in earlier models that did not include
interactions. For instance, results indicate, among other things, that married men in
poor health have a higher tendency of living with their spouse only in comparison
to married men in good health. For married women, those in poor health are more
likely to live with children and others in addition to their spouse. In short, poor
health does not seem to trigger a living arrangement response in the same way for
men as it does for women.

13.4 Discussion

The research reported in this chapter examined living arrangements and living ar-
rangement transitions among Chinese aged 80–105 and considered whether poor
health triggers coresidence responses, which would support the altruistic hypothesis
about the workings of the Chinese family. Given that marital status dictates the types
of living arrangement options available and that a spouse likely provides the most
immediate source of support, associations were examined separately for those mar-
ried and not married. Given that respect and authority in old age may vary by gender,
and this might lead to different associations between health and living arrangements
among men and women, hypotheses were tested separately for men and women by
including interaction effects.

Descriptive results suggest a degree of fluctuation in living arrangements of the
oldest-old. Although there is a greater chance of remaining stable than changing
over time, about 1/4 did change their living arrangement over just a 2-year period,
and the proportion changing is higher for those originating alone, living with spouse
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only, and living with others. The most popular living arrangement is living with chil-
dren, and those living with children were most likely to remain in this arrangement.

Multivariate results provided some support for the three hypotheses. Among
those not married, those in poor health are more likely than those in good health to be
living with children and others as opposed to living alone, and they are more likely
to move in with or stay with children and others over a 2-year period. Although this
result supports the notion of altruism, mixed results for those married suggest the
need to be cautious in the interpretation. Although it was hypothesized that effects
of health would be weaker among those married, those married were not only found
to be less likely to have their health influence their living arrangements, associations
were at times found to be in the opposite direction. Perhaps children and others are
obliged to coreside only where no alternative is available. If a spouse is present, on
the contrary, they may even live elsewhere, leaving the coresidence and caring tasks
to the spouse.

The situation is further complicated by significant gender interactions. Women
in poor health, either having functional limitations, health problems, or high MMSE
scores, are more likely than women in good health to move in with and stay liv-
ing with a child or others, even if they are married. That is, poor health appears
to trigger living arrangement responses toward coresidence with family members
among women. In contrast, health appears to have less influence among men. It is
tempting to interpret this finding as husbands not being regarded as best equipped
to provide needed support for ailing wives and so the most rational option when
a women is in poor health is for both the husband and wife to live with children
or others. In contrast, married men with health problems are expected to receive
care from their spouse, so when spousal assistance is available, children and others
may even stay away. Yet, several other possible explanations exist. According to
some, kin-keeping roles that women adhere to throughout their lives, such as their
caretaking of the children and general provision of family services, build emotional
ties to their families, and lead to stronger bonds by the time they reach old age
(Kandiyoti 1988; Yount 2005). As such, children and other family members may
feel greater attachment and obligation to older women than they do to older men.
This leads to women’s health problems prompting responses of support from the
family, where men’s health problems are treated with greater indifference. The re-
sults here are consistent with this argument. It may also be the case that men are
likely to obtain support when they are in poor health, but that this support comes
from non-coresidents. In this instance, it may be important to examine pseudo-
coresidence, or residing not with but very near a family member. Finally, it may also
be necessary to examine the health of both husband and wife. Married women who
are older than 80 are likely married to men who are older still. Since age and health
are closely correlated, married women with health problems may be more likely
than married men with health problems to have spouses whose health is also poor.
Where both husband and wife suffer from health disorders, the need to coreside with
children and others would be greatest.

The results of this research have some important implications for a demographi-
cally changing China. The number and proportion who are very old is beginning to
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increase slowly, but over the course of the next several decades extreme population
aging will be taking place, and the oldest-old will be the fastest growing segment
of the population (Zeng and George 2001). The main reason for this is a drastic
reduction in fertility, from over 5 or 6 children per average family in the 1950s to
less than 2 today, coupled with some increase in longevity, as well as the huge size of
baby-boom cohorts born in the 1950s and the 1960s (Poston 1992). The upcoming
generation of oldest-old will be survivors from a period where fertility rates were
high, but their families will be small, thus inverting the typical population pyramid.
The swiftness of the change has led to dire predictions regarding the possibility of
unmet needs for those most vulnerable (Cheung 1988; Du and Guo 2000; Gui 2001).
For one, it is questionable whether the current levels of support, and the current rates
of coresidence, are sustainable. But, results such as those presented here provide
some optimism that the needs of the oldest-old may continue to be met by the family
in cases where there is no alternative. It does this by suggesting that those perceived
to be in greatest need may be most likely to coreside and therefore receive regular
support. However, there are several caveats. First, health was found to be more pre-
dictive among women, and it is uncertain how and whether very old men are receiv-
ing needed levels of support. Second, it is uncertain whether associations reported
in this research will remain intact in the future. Changes in China are not limited to
family size; other social and economic transformations, such as increased rural to
urban migration and changes in the nature of the employment sector, will influence
rates of coresidence. Third, other sources of support, including state programs, may
decrease the need for coresidence, and rapid socioeconomic development currently
taking place may change the distribution of personal resources that are available.
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Chapter 14
Intergenerational Support and Self-rated Health
of the Elderly in Rural China: An Investigation
in Chaohu, Anhui Province

Lu Song, Shuzhuo Li, Wenjuan Zhang and Marcus W. Feldman

Abstract Data from the survey “Welfare of Elderly in Anhui Province, China” con-
ducted in October 2001 by the Institute for Population and Development Studies of
Xi’an Jiaotong University are used in a logistic regression analysis to determine
the effects of intergenerational financial, instrumental and emotional support on the
self-rated health of Chinese rural elderly. The results show that financial support,
both received and provided, as well as mutual emotional support between parents
and children have positive impacts on self-rated health of the elderly. However, in-
strumental support, both received and provided, exhibits no relationship with the
self-rated health of the elderly. Socio-demographic characteristics, socioeconomic
status, as well as the health status of the elderly are also found to affect their self-
rated health.

Keywords Anhui Province, Coresidence, Elderly, Emotional Support, External
Resources, Financial Support, Instrumental Support, Intergenerational Support,
Internal Resources, Perceived Health Status, Logistic Regression, Rural China,
Self-Rated Health, Social Support, Socioeconomic Status, Subjective Health Status,
Survey Of Welfare Of Elderly In Anhui Province

14.1 Introduction

Self-rated health (SRH) is a global assessment of personal health status and is deter-
mined in this study by answers to the following question: “How is your health? Very
good, Good, Average, Poor, or Very Poor?” SRH differs from other more compli-
cated health status indices because it assesses perceived health status and reflects an
integrated evaluation of physical, mental, behavioral, and social well-being, some
of which are difficult to measure (Deeg and Bath 2003; Idler and Benyamini 1997;
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Kaplan and Camacho 1983). In a relatively short time, SRH has become one of
the most commonly used measures of health status (Idler and Benyamini 1997;
Morgan and Kunkel 1998; Qi 1998). It is the index used to assess the health status
of the population in several large-scale epidemiological surveys in the USA and in
the Zutphen study in Netherlands (Idler and Angle 1990; McGee et al. 1999; Pijls
et al. 1993).

According to reviews of SRH, respondents are likely to draw on different sources
for their health self-assessments, including family history, severity of current ill-
ness, possible symptoms of diseases not yet diagnosed, trajectory of health status
over time, as well as availability of external resources (such as social support) and
internal resources (such as the perception of control), all of which may affect the
SRH of the elderly (Helweg-Larsen et al. 2003; Idler and Benyamini 1997). Social
support in particular has direct effects on SRH (Idler and Kasl 1991; Krause 1987;
Liu et al. 1995). A number of studies investigating the relationship between so-
cial support and health have shown that, in general, people who have better social
support enjoy better health status, while lack of social support is associated with
increased mortality (Idler and Kasl 1991; Krause 1987; Liu et al. 1995) and poor
health (Krause et al. 1998; Litwin 1998).

Although children, friends or neighbors, the community, and the government
may all provide some social support to the elderly, the family is the critical social
institution in providing support to its members in China and other nations in which
the Confucian culture is deeply embedded (Frankenberg et al. 2002). Since the vast
majority of Chinese rural elderly have no access to any insurance or formal support
(say, from the government or the community), the family is the predominant source
as for older individuals in rural areas. It is widely recognized that children play an
important role in the health and well-being of the elderly, but there are few studies
concerning familial intergenerational support on the health status of the elderly in
rural China.

14.2 Model Specification

14.2.1 Framework

A theoretical framework that illustrates the effects of intergenerational support on
the self-rated health of the elderly using existing literature and relevant observations
about the elderly in rural China is shown in Fig. 14.1.

The majority of studies concerning intergenerational support focus on the support
received by elderly parents as opposed to the support provided by elderly parents to
their children (Ofstedal et al. 1999; Shi 1993). The latter may also contribute to
the health status of elderly parents. Beckman (1981) found that elderly parents who
provided support to their adult children experienced a greater sense of well-being
than those who did not. A more recent study found that in contrast to elderly parents
who only received support, those elderly parents who both provided and received
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Fig. 14.1 Conceptual framework for relations between intergenerational support and self-rated
health of elderly rural Chinese

support were more satisfied with life, while elderly parents who did not exchange
any support with their children were less satisfied (Kim and Kim 2003). Liu
et al. (1995) investigated the association between social support, both received and
provided, and the health status of the elderly and found that emotional support
played a crucial role in affecting an elder’s health status. Accordingly, to reflect
the functional contents of social relationships, social support was classified into
emotional social support and instrumental social support. Under the present cir-
cumstances in rural China, many elders without pensions or medical insurance are
dependent on the financial support of their adult children. This financial support is
so crucial that in this analysis we separate it from the two other kinds of transfers be-
tween generations, namely instrumental support and emotional support; thus, there
are three categories of intergenerational support.

Some studies suggest that elderly parents’ needs are the basis of flows between
the generations (Hermalin 1995; Lee et al. 1994). In analyzing the effects of inter-
generational support on self-rated health, we controlled for the following variables:
socio-demographic characteristics, socio-economic status, and health status. It is as-
sumed that these factors not only directly affect the self-rated health of the elderly,
but also serve as mediating factors through a correlation among the three control
variables or between these and the three types of intergenerational support.

Socio-demographic variables are assumed to have direct effects on self-rated
health. Age is generally considered as a substitutive variable indicating subjective
health status (Chen 1998). The oldest old tend to rate their own health as better
than the young old when physical health variables are controlled (Idler 1993). Even
so, the association between age and self-rated health is not complete. In addition,
elderly women tend to suffer more functional disabilities and to rate their own
health worse than men (Idler 2003). Being married may lead to better objective and
subjective health (Angel and Thoits 1987). Living arrangements of the elderly are
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assumed to be related to intergenerational support (Hermalin et al. 1996), but some
characteristics of Chinese society and culture may entail that the health status of the
elderly leads to their living arrangements, or vice versa. Research on Chinese cities
reveals that coresidence usually caters more clearly to parents’ than to children’s
needs (Logan et al. 1998).

Numerous studies document strong, positive associations between socio-
economic status (SES) and health status, while attempts to determine the pre-
cise mechanisms of the SES-health relationships have been inconclusive (Adler
et al. 1993; Smith 1999). In general, education increases efficiency in transforming
resources into health (Hayward et al. 2000; Smith 1999). For example, educated
people may seek medical care immediately when problems occur, thus prevent-
ing further deterioration and facilitating recovery. The economic status of elderly
parents can influence their living conditions and health status, as well as financial
support from their children.

This study views health status as consisting of three aspects: functional disabil-
ity, chronic disease, and psychological well-being. Functional status and chronic
disease are assumed to directly affect the level of SRH (Liu et al. 1995; Sugisawa
et al. 1994). Since SRH is an integrated measure of subjective health, the psycho-
logical well-being of the elderly can directly affect their SRH.

14.2.2 Hypotheses

Financial support is divided into monetary support and in kind support. The for-
mer consists of medical assistance and financial assistance that are essential and
primary for the elderly. More than two-thirds of elderly Chinese are dependent on
financial assistance from their children (Shi 1993; Xu and Yuan 1997; Yao 2001).
As institutional support for cooperative medical care in rural areas has substantially
diminished since the 1980s, about 700 million rural people must pay for their med-
ical care themselves (World Bank 1997). Thus, children provide not only the costs
associated with daily living for their elderly parents, but also the cost of medical
care, so that the level of financial support received directly influences the medical
treatment and health status of Chinese rural elderly. On the other hand, parents have
the obligation to raise their children, help them get married, and provide them with
houses, with the result that the elderly may be overburdened by the financial support
they provide. With economic development, the flow of financial support is no longer
predominantly unidirectional, but goes both to and from elderly Chinese parents
(Guo and Chen 1998; Wang and Ma 2002). In light of the above discussion, the
following hypothesis is suggested:
Hypothesis 1: Financial support received will improve elders’ self-rated health;
financial support provided will lead to a deterioration of elders’ self-rated health.

Instrumental support consists of living assistance and daily activity assistance,
including washing clothes, cleaning, grocery shopping, baby-sitting, and so on. Not
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only do elderly parents who are healthier and more mobile require less assistance,
they are also more likely to provide assistance to their children. Although Liu
et al. (1995) suggested that increased instrumental support from elders would de-
teriorate their health status, there was no empirical justification for this position.
Many studies have supported the claim that the need for instrumental support is
closely related to the health status of the elderly (Shi 1993; Xiong 1998). Silverstein
and Bengston (1994) found that elderly parents preferred to be independent as long
as possible, but support from children became important when they had disabil-
ities in functional activities. Coresidence and instrumental support seemed to be
detrimental for older couples. Another study found that the well-functioning elderly
who received the most frequent instrumental support exhibited a greater risk to their
future health than similarly healthy elders who receive less frequent instrumental
support. This was interpreted to mean that social support may induce excessive de-
pendency by subverting the self-reliance of older individuals (Seeman et al. 1996).
Therefore we examine for the relationship between instrumental support and SRH
of the elderly with the following hypothesis:
Hypothesis 2: Instrumental support received will cause a deterioration of the el-
ders’ self-rated health; instrumental support provided will also cause a deteriora-
tion of the elders’ self-rated health.

Emotional support includes listening, talking, paying attention, comforting, con-
sulting, and respecting, and is considered to be a crucial factor in the health status
of the elderly (House and Kahn 1985; Sugisawa et al. 1994). While a negative as-
sociation between emotional support and elders’ health status has been observed
in China (Wang 1990), data from the Wuhan area suggested that emotional sup-
port, both received and provided, was positively linked to the SRH of the elderly
(Liu et al. 1995). We therefore assume that emotional support between generations
is a process of mutual communication, so that such support becomes reciprocal, and
hence may be of benefit to one’s subjective health. The following hypothesis con-
cerning the impact of emotional support on the SRH of the elderly is thus suggested:
Hypothesis 3: Emotional support will improve the elders’ self-rated health.

14.3 Methods

14.3.1 Sample

The data used in the research reported in this chapter are derived from the survey
“Welfare of Elderly Survey in Anhui Province,” which was carried out in April
2001 by the Institute for Population and Development Studies of Xi’an Jiaotong
University, in conjunction with the University of Southern California. The sam-
ple was identified using a stratified multistage method to select potential respon-
dents in 12 randomly selected rural townships; six villages were randomly selected
from each rural township. The respondents were from among all residents aged
60 and over; people 75 years of age and older were over-sampled. Of the 1,800
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individuals identified as eligible respondents, 1,715 completed the survey, yielding
a response rate of 95.3 percent. After excluding respondents without children and
cases with missing data on relevant study variables, 1,604 respondents remained for
analysis.

14.3.2 Measurement

Definitions, measures, and other descriptive statistics for the dependent variables,
independent variables, and control variables are found in Table 14.1.

Table 14.1 Descriptive statistics ( n = 1604 )

Variables Mean / Percentage SD

Dependent variables
Self-rated Health: (Poor) 26.5

Good 73.5

Independent variables
Intergenerational support
Financial support received 2.72 0.67
Financial support provided 0.91 1.14
Instrumental support received 4.18 8.53
Instrumental support provided 3.64 7.28
Emotional support 7.30 1.32

Control variables
Health status
Functional disabilities 0.95 1.78
Chronic disease 1.98 1.52
CES-D 15.47 3.94

Socio-economic status
Educationa : (Illiterate) 78.9

Literate 21.1
Occupationa : (Farming or housework) 95.3

Non-agricultural work 4.7
Incomea : (No income) 55.2

Having income 44.8

Socio-demographic characteristics
Agea : (69−) 45.8

70–79 41.3
80+ 12.9

Sexa : (Male) 46.1
Female 53.9

Marital statusa : (Unmarried) 42.8
Married 57.2

Living arrangementa : (Living without children or grandchildren) 48.8
Living with children or grandchildren 51.2

aPer 100.
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14.3.2.1 Dependent Variables

Self-rated health, the dependent variable, was originally assessed by a four-point-
scale response to a question “How is your health?”: (1) very good, (2) good,
(3) average, (4) not so good. In our data analysis, we condensed this classification
into two scales: (1) good (including “very good,” “good” and “average”), (2) poor
(“not so good”). Self-rated health is coded 1 if “good,” while 0 if “poor” is consid-
ered to be the benchmark in the data analysis.

14.3.2.2 Independent Variables

The independent variable, intergenerational support, is divided into financial sup-
port, instrumental support, and emotional support.

Financial support received is measured by the question, “Did the child send you
(or your spouse living with you now) money, food or gifts?,” and is a measure of
the total amount received from each child during the past 12 months. Response
options are the following: 0=“none,” 1=“less than 50,” 2=“50–99,” 3=“100–199,”
4=“200–499,” 5=“500–999,” 6=“1,000–2,999,”7=“3,000–4,999,”8=“5,000–9,999,”
and 9=“More than 10,000.” The median value of each interval is taken as the amount
of financial support from all children. The sum of financial transfers received from
all children is considered to be the financial support received by one elderly person,
and we take the log of the sum as the financial support received. Financial support
provided is measured by the question, “Did you (or your spouse living with you now)
send your child money, food or gifts?” The scale for financial support provided is
the same as that for financial support received.

Instrumental support received from children (including children’s spouse and
grand-children) to elderly parents during the past 12 months is assessed in two areas:
(1) household tasks, such as cleaning the house and washing clothes, and (2) per-
sonal care tasks, such as bathing and dressing.One of the following four options
is selected for each area: (1) Every day=7.5; (2) At least once per week=1.5; (3)
Several times per month=0.5; and (4) Seldom=0. The scoring follows the method
proposed by Bian et al. (1998). Summing the frequency of instrumental support
from each child, the total score is considered as the instrumental support received
by an elder. The scale for instrumental support provided is the same as that for
instrumental support received.

Emotional support is assessed by three questions adapted from the intergener-
ational solidarity inventory (Mangen et al. 1988): (1) “Overall, how close do you
feel to (this child)?” (2) “Overall, how well do you and (this child) get along to-
gether?” (3) “How much do you feel that (this child) would be willing to listen
when you intend to talk about your worries and troubles?” The items are coded as
follows: 1=“Not at all close/not at all well/not at all”; 2=“Somewhat close/somewhat
well/somewhat”; 3=“Very close/very well/very much.” An additive scale is com-
puted for each child, ranging from 3 to 9, with a higher score indicating a better
parent–child relationship. The alpha reliability coefficient for these items is 0.86.
Different from the financial support and instrumental support, the average level of



242 L. Song et al.

these responses reflects the quality of intergenerational relations. We take the av-
erage score across all children for each elderly parent as the measure of emotional
support between the elder and the children, avoiding multicollinearity between emo-
tional support and number of children.

14.3.2.3 Control Variables

We assess health status using three scales: functional status, chronic disease, and
psychological well-being. Functional status is measured as the sum of six items re-
flecting difficulty in performing personal activities of daily living (PADL). Personal
activities of daily living include bathing, putting on and taking off clothes, walking
around the room, using the toilet, and eating a meal (Katz et al. 1963). An elder
is considered as functionally limited in a given activity if he or she has any degree
of difficulty in performing that activity without help. Functional status is measured
by the number of functional limitations. Chronic disease is indicated by the number
of chronic illnesses reported by the respondents, ranging from 0 to 12 items. It
is noted that, due to poor medical service conditions, rural Chinese elderly may
not know whether they have a chronic disease until their activities of daily living
are affected. Such self-reported illnesses may therefore be underestimated and not
reliable. Psychological well-being is measured using nine questions based on the
CES-D scale (Radloff 1977). Each of the nine items is coded 1=“rarely or none of
the time,” 2=“some of the time,” and 3=“most of the time”; they are then summed,
resulting in a depression scale ranging from 9 to 27, with a higher score indicating
greater depression. The alpha reliability coefficient for the nine items is 0.77.

For the SES variables, education is coded as 0 if illiterate, and 1 if literate; most
of the rural population have little education. Occupation (before retirement) is cat-
egorized in two groups: farming or housework, representing lower SES; and non-
agricultural work, representing higher SES. If the respondent and spouse received
income from any work or pension during the past 12 months, this is classified as
having income.

The socio-demographic variables include age, sex, marital status and living ar-
rangement. Self-rated health may not depend entirely on the decline of functional
abilities and physical health due to aging; for this reason the oldest old tend to assess
health status comparatively better, due to selection by death (Zeng et al. 2004). Age
is represented by three groups: (1) younger than 70 = “0,” (2) 70–79=“1,” and (3) 80
or older=“2.” Marital status is coded as a dummy variable, with the unmarried (wid-
owed, divorced, and never-married) contrasted with married. Living arrangement is
categorized in two groups: living without children or grandchildren, and living with
children (including grandchildren).

14.3.3 Statistical Methods

We employ logistic regression for the analysis. Controlling for socio-demographic
characteristics, SES, and health status, we test for an overall statistical association
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between intergenerational support (including financial support, instrumental support
and emotional support), both received and provided, and self-rated health.

14.4 Results

14.4.1 Description of Sample

Our data show that a large majority of elderly parents receive financial transfers
from children. In contrast, less than half of the sample contribute financial assis-
tance to their children, and the money contributed to children is far less than that
received from children. In terms of transfers of instrumental support, 43.1 percent
of elderly parents receive some household help or personal care from their children,
and 35.3 percent provide similar types of assistance to their children. Parents con-
tribute assistance to their children less often than they receive it from their children.
Emotional support from children tends to be strong; the mean score is 7.30 (SD =
1.32) on a nine-point scale (see Table 14.1). Thus, support from children to elderly
parents is the main flow of assistance between the generations. The main support
from children to elderly parents is financial, while the main support from elderly
parents to children is instrumental.

In terms of health status, on average, respondents report difficulty performing
about one task. The average chronic disease score is 1.98 out of a possible 12, and
the average depression score is 15.47 out of 27. For SES, most (78.9 percent) have
no formal education, and a large majority, 95.3 percent, is currently or previously
engaged in farming or housework. Only 44.8 percent have work-related or pension-
related income. Almost 46 percent (45.8 percent) are young old, while 12.9 percent
are oldest old. Slightly more than half of the sample (53.9 percent) is female, and
57.2 percent are currently married. Almost half (48.8 percent) live without their
adult children or their grandchildren, and more than one-half live with both adult
children and grandchildren

14.4.2 Results of Logistic Regression

We use binary-logistic regression to test for the effects of intergenerational support
on SRH via a set of hierarchical models. Four blocks of variables are sequentially
added to the model, representing, in order of entry, intergenerational support, health
status, socio-economic status, and socio-demographic characteristics. Table 14.2
presents the results of the logistic analysis.

Model 1 tests for the relationship between intergenerational support, both received
and provided, and the self-rated health. The more financial support received from
their children, the higher is the probability that elderly parents are in “good” SRH
(OR=1.151). The elderly who are provided with more financial support are more
likely to be in “good” self-rated health (OR=1.325). Increased instrumental support
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Table 14.2 Results of logistic regression of intergenerational support on self-rated health
(n = 1604)

Model
Independent variables Model 1 Model 2 Model 3 Model 4

Intergenerational support
Financial support received 1.151+ 1.467∗∗∗ 1.394∗∗∗ 1.410∗∗∗
Financial support provided 1.325∗∗∗ 1.144∗ 1.155∗ 1.180∗
Instrumental support received 0.979∗∗ 0.996 0.996 0.994
Instrumental support provided 1.010 0.998 0.996 1.007
Emotional support 1.069∗ 1.252∗∗∗ 1.184∗∗∗ 1.129∗∗

Health status
Functional disabilities 0.729∗∗∗ 0.737∗∗∗ 0.721∗∗∗
Chronic disease 0.723∗∗∗ 0.723∗∗∗ 0.741∗∗∗
CES-D 0.958∗∗ 0.936∗∗∗ 0.913∗∗∗

Socio-economic status
Education (Literate) 1.253 1.566∗
Occupation (Non-agricultural work) 2.192∗∗ 2.002∗∗
Income (Having income) 0.958 0.861

Socio-demographic characteristics
Age group

70–79 1.103
80 or older 2.429∗∗

Sex (Female) 1.843∗∗∗
Marital status(Married) 1.175
Living arrangement (Living with children or

grandchildren)
1.330∗

−2LL 1796.48 1522.65 1509.25 1473.61
Df 5 8 11 16

The reference categories of the categorical variables are omitted, including illiterate, farming or
housework, no income, younger than 70, male, unmarried, living without children or grandchildren
∗∗∗ p < 0.001; ∗∗ p < 0.01; ∗ p < 0.05; +p < 0.1

received reduces the probability of being in “good” self-rated health (OR=0.979); for
instrumental support provided, the reverse appears to be true but is not significant.
In addition, elders with more emotional support and closer relationships with their
children are more likely to have “good” SRH (OR=1.069). On the whole, financial
support, both received and provided, instrumental support provided, and emotional
support have positive associations with self-rated health.

For Model 2, when the entire block of health status variables is employed, finan-
cial support and emotional support remain significant, but instrumental support no
longer shows a significant direct effect on SRH. Health status variables are signifi-
cant predictors of SRH. The elderly with more functional disabilities have a lower
probability of being in “good” SRH (OR=0.729), and increased chronic disease is
observed to decrease “good” SRH (OR=0.723). In addition, with a higher CES-D
score, the elderly are less likely to assess themselves in “good” SRH (OR=0.958).

Model 3 includes the SES variables; the inclusion of these produces no change
in the effects of intergenerational support. Non-agricultural work, which represents
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higher SES is shown to have a statistically significant positive effect on SRH
(OR=2.192), while education and income are not significant.

In controlling for socio-demographic variables, model 4 shows that the variables
related to intergenerational support, including financial support, both received and
provided, and emotional support remain significantly related to SRH. The literate
elderly are more likely to assess themselves as in “good” health compared to the illit-
erate elderly (OR=1.566). Older age leads to a greater probability of being in “good”
SRH; that is, the oldest old are more likely to be satisfied with their health status than
are the young old (OR=2.429). There is a gender difference, with the female elderly
more likely to be in “good” SRH than the male elderly (OR=1.843). Those living
with children or grandchildren have a greater probability of reporting “good” SRH
than those living without children (including grandchildren) (OR=1.330).

Worth special mention are the effects of physical health and psychological well-
being, which are employed as intermediate variables in the model. For example,
the previously mentioned significant effects of instrumental support received are no
longer significant when physical health and psychological well-being are taken into
account, suggesting that instrumental support received is related to the health status
of the elderly; that is, to some extent, instrumental support is determined by the
physical health of the elderly.

14.5 Discussion

We have examined the proposition that in rural China intergenerational support, both
received and provided, affects the SRH of the elderly, and the affects depend on the
type of support.

Controlling for the needs of the elderly, we find that financial support, both
received and provided, has a strong positive impact on SRH. Increased financial
support received enhances the subjective health of the elderly. Since the major-
ity of Chinese elders depend on financial assistance from their children or others
(Du and Wu 1998), the standard of living and the medical care of the elderly are
entirely determined by the financial support received. In contrast to Hypothesis 1,
financial support provided is positively linked to the SRH of the elderly, suggesting
that increased financial assistance from elderly parents has not caused a deteriora-
tion of their health status. This may be because elderly parents can generally afford
to give financial assistance to their children without risk to their own health status.
There is evidence that elderly who are economically independent are more likely
to hold a high status in their family and in turn to receive instrumental assistance
and affective support from their children, instead of financial support (Chen 2000).
Overall, financial support from children to parents is the primary flow of financial
transfer between the two generations, and financial support received has a stronger
impact on the SRH of the elderly than does financial support provided.

Hypothesis 2 concerning instrumental support is partially confirmed. Needy
parents generally get more support (Lee et al. 1994); that is, there is a negative
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association between the instrumental support received and the elder’s subjective
health. But there is not a negative relationship between instrumental support pro-
vided and SRH, as suggested by Hypothesis 2. It is assumed that as an important
part of the reciprocal flow of resources between generations and in compensation for
financial assistance received, instrumental support provided to adult children may
enhance feelings of usefulness and the self-worth of elderly parents, thus improving
their health status. Controlling for health status variables, instrumental support is no
longer significant, which suggests that instrumental support is associated with the
elder’s SRH through physical health and psychological well-being.

Finally, consistent with Hypothesis 3, we find that emotional support between
generations improves the subjective health of the elderly. It has been reported that
whether a given type of social support has an impact on health status depends
strongly on the need for this support (Liu et al. 1995). According to Maslow’s Need
Theory (Maslow 1970), the dominance of a higher need would not take place before
a specific need is satisfied. Given that most Chinese rural elderly have insufficient
safety and security needs, a lack of affective assistance representing psychological
needs would not cause a deterioration of their health. Traditionally, in the Chinese
culture, support for the aged involves not only material assistance but also affective
support (Yao 1996), and the two aspects are expected to be reinforcing (Wang 1990).
Our research finds that the direction of the effect of financial support received on
self-rated health is consistent with that of emotional support, whereas the direction
of effect of instrumental support received is reversed. These opposite effects produce
an ambiguous result. Does the positive association occur because more emotional
support improves health status, or because there is a reversed linkage between these
two factors? The research reported in this chapter reveals that there is a strong posi-
tive relationship between emotional support and the subjective health of the elderly.

On the whole, we find that financial support, both received and provided, has
positive impacts on the SRH of the elderly in rural China. Although instrumental
support, both from and to the elderly parents, is not shown to be significantly linked
to subjective health, we find that emotional support may improve subjective health.
This suggests that the closer the parent–child relationship, the better the health status
and psychological well-being of the elderly parents.

Unlike earlier studies that have found that older women tend to experience pro-
longed debilitating illnesses, functional impairments and worse self-rated health
(Penning and Strain 1994; Rahman and Liu 2000; Silverstein et al. 1997), we find
that the SRH of older women is better than that of older men. This may be because,
with a similar level of physical health, older women are more satisfied with their
health status than older men. It may also be due to the selection effect of death. We
also find that living arrangement affects the SRH of the elderly. This suggests that
when the elderly coreside with adult children, quality of family support is improved
to meet the needs of the elderly parents.

We have not assessed the impact of net flows between generations on self-rated
health of the elderly. With the availability of longitudinal data, the underlying causal
linkages between intergenerational support and old-age, and self-rated health may
be tested more effectively. Further research is clearly warranted as to the mechanism
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by which intergenerational flows between elderly parents and sons and daughters
affect well-being and health status of the old-old. Such an analysis may contribute
to addressing the important problems of sex preference and very high sex ratio at
birth in China.
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Chapter 15
The Effects of Adult Children’s Caregiving
on the Health Status of Their Elderly Parents:
Protection or Selection?

Zhen Zhang

Abstract The objective of this chapter is to re-examine the protective and selec-
tive effects of children’s caregiving to their elderly parents. Although the protective
effect is widely recognized, the selection of care provision necessitates a compre-
hensive investigation into elderly caregiving. We design a joint model to specify the
two effects. The model is applied to dyadic data from two large-scale surveys con-
ducted in China in 2002. We found that protection is seriously misestimated when
selection is ignored. After having successfully identified the selective effect, care
provision to the elderly is found to be far more beneficial than claimed in previous
studies.

Keywords Adult children, Caregiving, Care provision, China, Dyadic data, Elder
parents, Family support, Intraclass correlation, Joint model, Need-based support,
Protection, Selection, Self-rated-health, Social support, Survey of Family Dynamics
of the Elderly’s Children, Unobserved heterogeneity, Unobserved propensity

15.1 Introduction

Many studies of children’s caregiving to their elderly parents have found that there
are reciprocal effects of caregiving and elderly health, namely, the protective ef-
fect and the selective effect. Caregiving protection refers to the beneficial effect of
care to the elderly, that is, the more caregiving the elderly receive, the better their
health (Cornell 1992; Rogers 1996; Silverstein and Bengtson 1991; Stoller, 1985;
Zunzunegui et al. 2001). The selective effect implies that care by children is more
likely to be provided to elderly parents who are in relatively poor health (Bian
et al. 1998; Hermalin et al. 1996; Lee et al. 1994; Lee and Xiao 1998; Lin et al. 2003;
Logan et al. 1998).
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An example will illustrate the two concepts and their effects. Consider an older
person who is able to go shopping without assistance from anyone. Even though
the older person is not in need of help, he/she would be more likely to forego un-
predictable risks, such as falling down, if accompanied by one of his/her children.
Consider another older person who is unable to go shopping by himself/herself due
to some functional impairment. The older person needs to be accompanied by some-
one, e.g., one of his/her children. In neither case is there an essential difference in
the activities of the accompanying child; the child just accompanies the parent while
the parent is shopping. However, the motivation behind the care and the effect of the
care provision are different. In the former case, the care given by the child is much
more protective, but in the latter one, it is selective.

The protective and selective effects of caregiving on elderly health are not mu-
tually exclusive, but are two sides of the same coin. However, the sides we observe
in a study will largely depend on the context in which the study is carried out, and
the methods of analysis used to investigate such effects. Different societies have
different motives behind and patterns of caregiving, resulting in different effects of
care on elderly health. Traditionally, adult children dutifully provide care to their
elderly parents in need of help. In western countries, today’s elderly may be more
financially independent than their predecessors, and social support may play a more
important role than family support, such as care by their children, in their elderly
lives. In this case, care provided by children to their elderly parents who are not in
need of care may yield additional benefits in terms of the health of the elder. Hence,
we may find protective care by adult children in these developed societies.

In contrast, in many developing countries, such as China, the elderly depend
heavily on their family, mainly their adult children, to provide a variety of help,
including financial and emotional support and caregiving. Hence, the support the
children provide to their elders is called “need-based support” (Lee and Xiao 1998).
Moreover, the duty the offspring have towards their elders in China is further re-
inforced by laws and regulations, including the Chinese Constitution (Bartlett and
Phillips 1997; Lee and Xiao 1998; Leung 1997; Wu 1994). If care of elderly parents
is needed, their adult children are supposed to provide such support; this is the mini-
mum requirement imposed on the family in terms of old-age support. Moreover, due
to lack of social support for the elderly, adult children have to be the primary care-
givers, and the selection of caregiving is relatively strong. As a result, care provision
due to the needs of elderly parents is more likely to be observed in China.

Ignoring selection will result in bias to some extent or even in an estimation that
is wrong (Vaupel et al. 1979). Conventionally, when estimating the impact of care
on elderly health, caregiving is usually thought of as one factor among others that
plays a major part in the health of an elder, and care provision is often set as an
independent variable in statistical modeling. It is difficult to specify the selection
of caregiving in this way, however. An analysis on the impact of intergenerational
support on the survival of the oldest-old (i.e. elderly aged 80 and over) in China
found that elderly who received care from children have a greater likelihood of
dying than those who do not have this care (Zhang 2002). Clearly, this result cannot
be interpreted that the care provided by children can be harmful to their elderly
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parents. Such a result comes from the fact that the elderly who received care by their
children had a higher mortality themselves because children selectively provided
care to their frail elderly parents. Thus, a method that is able to model this selection
effect is required.

Using dyadic data, the research reported in this chapter employs a joint model so
that the two effects of care can be specified comprehensively. The dyadic approach
has been used in studying relationships between family members (Lye 1996; Miller
et al. 1982; Thompson and Walker 1982). The dyad is considered as the unit of anal-
ysis throughout all phases of the research process (Wampler and Halverson 1993).
Theoretically, the dyadic approach is a good choice for studying care provided by
adult children and the elderly in a family context (Allen et al. 2000). Employing
the joint model developed by Lillard and Panis (2003), we estimate the protective
and selective effects of caregiving simultaneously. The parent–child dyad survey
conducted in China in 2002 provides the dyadic data. Considering that caregiving
by children to their elderly parents is prevalent in China, the dyadic analysis should
easily capture the selective effect of caregiving.

15.2 Data and Methods

15.2.1 Sample

The sample in this study is taken from the parent-child dyadic survey data, i.e. the
2002 wave of the Chinese Longitudinal Healthy Longevity Survey (CLHLS) and
the 2002 Survey of Family Dynamics of the Elderly’s Children (SFDC). Out of 22
provinces covered by the CLHLS, eight were set as the sample pool for the SFDC. In
this pool, an adult child of each older person interviewed (aged 65+) in the CLHLS
was randomly chosen according to the sex, age and rural/urban residence of the
children. Some of the parent-child dyads (435 out of a total of 4,364) were removed
for the following reasons. First, the age of some respondents was not within the
age range used in our analysis (ages 35–65 for adult children and ages 65–105 for
elderly parents). Second, a small proportion of cases had missing values in some
important variables (e.g., Self-Rated Health of elderly parent) and therefore were
deleted. The sample was thus reduced to 3,929 parent–child dyads. Note that in this
study the data were not weighted.

15.2.2 Models

Much debate surrounds the question of how to conduct dyadic analyses (Maguire
1999 and references therein). Previous dyadic studies have mainly focused on a
comparison between the similarities and differences of dyadic members (e.g., hus-
band vs. wife, parent vs. child), utilizing methods such as intraclass correlation,
ANOVA, and the hierarchical linear model. To our knowledge, no research uses
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dyadic data to specify the protective and selective effects of care by children on the
health status of elderly parents.

Here, we design a joint model that simultaneously evaluates the protective and
selective effects of caregiving. The model contains two sets of sub-models for the
Self-Rated Health (SRH) of elderly parents and the care provided by their adult
children. The SRH model on elderly parents is given by an ordinal probit model.

y =

⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

0 if y∗ < τ1

1 if τ1 ≤ y∗ < τ2

2 if τ2 ≤ y∗ < τ3
...
n if τn ≤ y∗

,wherey∗ =
∑

α′
1 X p+

∑
α′

2 Hp+
∑

α′
3C+ε. (15.1)

In Eq. 15.1, y∗ stands for a latent propensity dependent on independent variables,
y for the SRH reported by elderly parents, Xp for the sociodemographic charac-
teristics of the elderly parents, Hp for the health condition indicators of the elderly
parents, C for caregiving to the elderly parents reported by the adult children and ε

for the residual term for the SRH of the parents.
Another model is the caregiving model, characterized by a probit model that

measures the occurrence of caregiving,

p =
{

0 if p∗ < 0
1 if p∗ ≥ 0

,wherep∗ =
∑

β ′
1 Xc +

∑
β ′

2 Hp + δ. (15.2)

In Eq. 15.2, p∗ denotes a latent propensity dependent on independent variables, p
an observed indicator variable, Xc the sociodemographic characteristics of the adult
children, Hp the health condition indicators of the elderly parents and δ the residual
term for the occurrence of caregiving by the adult children.

The residual terms ε and δ, are assumed to be jointly normally distributed, rep-
resented by

(
ε

δ

)

∼ N

((
0
0

)

,

(
σ 2

ε σεδ

σεδ σ 2
δ

))

,whereσδε = ρεδσδσε,

and ρεδ is the correlation coefficient of residual terms ε and δ. The two models
are estimated jointly at the same time. The potential correlation between the two
dependent variables can be obtained through estimating the correlation coefficient
of residual terms in the two models. The critical test of the simultaneous relation-
ship between SRH and caregiving is whether ρεδ is equal to zero. We adopted the
following decision strategy: First, if ρεδ = 0, this means there is no relationship
between the propensity of the elderly’s SRH and that of care provided by their
children. And if the caregiving protection in the SRH model significantly exists
(i.e. the coefficient of caregiving in the SRH model is positive), then we accept this
protection as the effect of the care provision for the elderly on their health status.
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Second, a positive ρεδ implies that the propensity that the elderly parents self-assess
good health is positively related with the propensity that their children provide care,
thus indicating the caregiving protection. And if the coefficient of care provision by
children is significantly positive in the SRH model, then the caregiving protection
will be specified and there is no caregiving selection. Third, if ρεδ < 0 and if the
positive effect of caregiving on the SRH significantly exists, then both caregiving
protection and caregiving selection are identified. On the one hand, the negative ρεδ

indicates the caregiving selection; that is, children are more likely to provide care
to their elderly parents in poor health. On the other hand, the positive coefficient of
caregiving in the SRH sub-model suggests the protective effect of such care.

The joint model enables the researcher to capture the protective and selective
effects of care given to the elderly, owing to its following features. First, a latent
propensity corresponding to SRH is set as a function of children’s care to elderly
parents and sociodemographic features, physical ability and morbidity of the el-
derly parents. Second, the likelihood of providing care to elderly parents is set as a
function of the physical ability and morbidity of the elderly and demographic and
socio-economic features of adult children. Hence, the explanatory model of care-
giving consists of two parts, the parents’ need of care, and the children’s capability
of providing this care. Considering that physical ability and morbidity are directly
related to the need of care, selective care provision to the elderly can be reflected in
the caregiving model (e.g., Lee and Xiao 1998). Besides, children’s decision to give
care to their elderly parents is influenced by their sociodemographic conditions, such
as sex, age, socio-economic status (SES) and so on. More importantly, the SRH of
elderly parents is also included in the caregiving model as an independent variable,
while it is a dependent variable in the SRH model (see below).

Finally, the joint model takes into account the unobserved heterogeneity un-
derlying the elderly’s SRH and care provided by their children. Each of the two
heterogeneity components, measured by the residual terms in Eqs. 15.1 and 15.2,
represents the effects of unmeasured latent factors that are the source of correlation
across the two equations. Table 15.1 summarizes the specification of both equations
in this model.

15.2.2.1 The SRH Model for Elderly Parents

SRH is a broader measure of health than the presence or absence of disease and
functional limitation (Idler and Benyamini 1997; Strawbridge and Wallhagen 1999).
SRH has been shown to be a significant and independent predictor of mortality
and of the declining physical function of the elderly (Benyamini et al. 1999; Idler
and Benyamini 1997; Idler et al. 1990; Wolinsky and Johnson 1992). The SRH of
the elderly was measured using a single question in the CLHLS survey, “How do
you rate your health at present?” Six levels of coding were provided in terms of
the respondent’s health self-evaluation: “very poor,” “poor,” “fair,” “good,” “very
good,” and “cannot answer.” The number of elderly who evaluated their health as
“very poor” was small (less than 1 percent of the older subjects) so it was assigned
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Table 15.1 Model specifications

SRH model Caregiving model

Parent’s Information
Sex X
Age X
Race X
Place of residence X
Living arrangement X
Marital status X
IADL X X
ADL X X
Serious disease X X
Child’s Information
Sex X
Age X
Urban/rural residence X
Co-resident with parents X
Number of sibling X
Caregiving X

to the level “poor.” There were 193 older respondents who “cannot answer”; they
were disregarded because they did not provide any information about SRH.

In earlier studies, SRH has been shown to be related to physical ability, morbid-
ity, social support and life satisfaction (Goldstein et al. 1984; Idler 1993; Markides
and Lee 1990; Minkler and Langhauser 1988; Zhang 2004). Physical ability of the
elderly is assessed by Katz’s Index of Activities of Daily Living (ADL) and Instru-
mental Activities of Daily Living (IADL). Because of its easy administration, ADL
is usually applied to the oldest old, those aged 80 and over in the CLHLS. In 2002,
the sample was extended to the younger old aged, i.e., those aged 65–79. Performing
ADL tasks does not show enough variation in the younger old so that the IADL was
included to measure the physical ability of the younger old. The serious diseases
from which the elderly suffered were associated with the elderly’s SRH (Ilder and
Benyamini 1997). Note that, ADL/IADL and serious diseases are different in terms
of their effects on the elder’s health, as well as care provision by children. Although
ADL/IADL and serious diseases can affect each other (e.g. some serious diseases
result in an impairment in ADL or IADL), they are relatively independent. In the
survey, the elderly were asked how many times he or she suffered from serious
diseases. Serious diseases may not be a longstanding illness, whereas functional
limitations in terms of ADL/IADL often exist for a long time. Clearly, this difference
between ADL/IADL and serious diseases is important to caregiving selection.

Relevant sociodemographic characteristics of elderly parents should be con-
trolled; these include age, place of residence, marital status, and living arrange-
ments. The elderly’s SES, measured by education, occupation and income, is not
included in our analysis because previous studies have shown that it does not have a
significant impact on the SRH of the elderly (Zhang 2002, 2004). Instead, the large
gap between rural and urban regions in China implies that place of residence is a
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good proxy for SES (Liang et al. 2000). Differences between marital status groups
have been found in relation to the elderly’s SRH (Joung et al. 1995; Ren 1997).
Living arrangements have also been shown to be important factors that determine
the elders’ SRH (Zunzunegui et al. 2001). Because of the very small proportion
of those living in nursing homes (less than 1 percent), we group them into “lives
alone.”

Besides the observed SRH, the unobserved propensity of SRH can be estimated.
The residual term ε represents the parent-specific unobserved heterogeneity in the
propensity of SRH.

15.2.2.2 The Caregiving Model for Adult Children

The outcome variable in our caregiving model is whether or not the children in-
terviewed provided care to their elderly parents in the last year. In the survey, the
exact amount of time spent in caregiving is ascertained through the question, “How
many days did you spend on caring for your parents in the last year?” If children did
not give any care, the answer is zero. The time spent on care is very informative in
terms of the amount of care provided. In this research, however, we have to reduce
this continuous variable to a binomial one for two reasons. First, we find that the
self-reported time spent on care is heavily heaped. It is difficult to remember the
exact days of caregiving except in the case of no care; instead it is much easier to
have an approximate estimate by some time unit, such as a week, month, half a year
or 1 year. Second, the distribution of time has a positive skew. More than half of the
children surveyed did not provide care to their elderly parent, so the time is zero.
If the time expenditure on caregiving is set as a multi-categorical variable, another
half of the cases will be regrouped into several levels. As an example, we categorize
the time expenditure of caregiving into five levels: zero (no caregiving), not-zero
but less than 1 week, more than 1 week but less than 1 month, more than 1 month
but less than half a year, and more than half a year but less than 1 year. In the SRH
model, the number of combinations between the time expenditure and SRH will be
20(= 4 × 5).

Regarding the remaining covariates in the model, the number of cases in some
cells of the contingency table will be too small to obtain a reliable estimation. There-
fore, caregiving is defined as a binomial variable, giving care or not. Although the
dichotomous variable implies the loss of information to some extent compared with
time expenditure as a continuous or multi-categorical variable, we argue that its
employment is preferred in this analysis.

The sociodemographic features of adult children, such as gender, age (Coward
and Dwyer 1990; Lin et al. 2003) and race (Dilworth-Anderson et al. 2002; Dwyer
and Coward 1991)1 have been shown to contribute to their decision to provide

1 Some studies claim that marital status and SES (Lin et al. 2003) of adult children is significantly
related to the caregiving decision. However, a study based on the same dataset as this paper shows
that the two factors do not significantly impact the decision of whether or not to give care to elderly
parents (Zhang 2004).
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care or not provide care. The children’s place of residence is not necessarily
the same as that of their parents because some children might have migrated
from a rural to an urban area. The patterns of caregiving in rural areas may also
change to some degree as some adult children have gradually adapted to an urban
lifestyle.

With respect to the importance of elderly living arrangements in terms of care
provision, we also take into account in the caregiving model whether or not their
children are living with them. Clearly, children who are living near their parents
are more likely to give care than children who are living far away from their parents
(Dwyer and Coward 1991; Ingersoll-Dayton et al. 1996). Co-residence with an adult
child is considered to be a central feature of the familial support system in much of
the developing world (United Nations 2000). Although in general, children living
with their elderly parents are more likely to be the primary caregiver, in China the
children who do not live with their parents but live nearby tend not only to maintain
frequent face-to-face contact with their parents but also to provide help to them
(Bian et al. 1998). Hence, co-residence with parents is not a necessary condition
for caregiving as far as China is concerned. In addition, the number of siblings of
an adult child may influence the decision to provide care to their elderly parents.
If an adult child has no siblings, he/she will have to bear the entire responsibility
for taking care of the older parents. In contrast, if an adult has siblings, he/she may
share the responsibility of caregiving with the siblings. In other words, for an adult,
the decision to provide care to elder parents will be impacted by whether or not he
or she has siblings.

IADL, ADL and serious diseases are also directly related to the care needs
of the elderly. The care provision resulting from impairment in IADL/ADL of
elderly parents or the elder suffering from serious diseases is mainly selective.
That is, the health status of elderly parents will predict whether or not their adult
children give them care. Thus, the caregiving model can specify the selection of
caregiving.

Analogously, the residual term, δ, in Eq. 15.2 denotes the child-specific unob-
served heterogeneity in the propensity to give care to elderly parents. As shown in
the example mentioned at the beginning of this chapter, children accompanying the
elderly parent in good health when going shopping might eliminate the potential risk
for that elder. This implies the unobserved propensity of children’s care provision
to an elderly parent who is not in need of care. In the caregiving study, the elderly
respondent is often asked whether he/she is able to go shopping alone, and if not,
who will accompany him/her. The adult children are asked a similar question. In
fact, these questions collect information about selective caregiving. However, if an
older person is able to go shopping alone, he/she will have little chance to pro-
vide information about the provision of care by his/her children (e.g. accompanying
him/her going shopping). As a consequence, such care provision may be ignored. In
other words, the benefits of this kind of caregiving to the elder’s health are hard to be
observed in surveys because the observed selective caregiving tends to overshadow
the protective caregiving. The unobserved propensity of caregiving can be estimated
in the model, that is, the residual term δ.
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15.3 Results

15.3.1 Preliminary

Table 15.2 describes the sample characteristics. The information about elderly parents
is presented in the left panel in Table 15.2. Because of the sampling design of the
CLHLS (Zeng et al. 2002 and Chap. 2 of this volume), the size of the female elder
sample is roughly the same as that for males. The oldest old comprise more than half
of the elderly (59 percent). Han Chinese, the largest nationality population in China,
comprise the majority of the parent sample. Most of the elderly are not married (i.e.
they are widowed, divorced or never married). In China, most elderly live with their
family (not necessarily with adult children), while only a few live alone or in a nursing
home. For each IADL and ADL, the elderly are thought of as independent if they have
no functional limitation and as dependent otherwise. The distributions of dependency
and non-dependency in IADL and ADL are adverse: 61 percent of the elderly are
independent in terms of IADL, whereas 79 percent are dependent in terms of ADL.
Moreover, only 18 percent of the elderly suffered from a serious disease at least once
in the last 2 years before the conduct of the 2002 CLHLS.

The child variables are listed in the right panel in Table 15.2. Fifty-nine percent
of children do not provide care to their parents. But this does not mean that an equal
proportion of parents does not receive care. Rather, they may receive care from

Table 15.2 Sample characteristics

Older parent (n = 3,929) Percent Adult child (n = 3,929) Percent

SRH Poor 13.4 Caregiving No 58.5
Fair 38.5 Yes 41.5
Good 35.5 Sex Female 30.5
Very good 12.6 Male 69.5

Sex Female 53.0 Age 35–44 29.1
Male 47.0 45–54 37.7

Age 65–79 40.5 55–65 33.2
80–89 29.3 Place of residence Rural 59.2
90–105 30.2 Urban 40.8

Race Minorities 9.1 Co-resident with parents Yes 43.6
Han 90.9 No 56.4

Place of residence Rural 54.7 Number of siblings Zero 21.1
Urban 46.3 1+ 78.9

Marital status Unmarried 63.5
Married 36.5

Living arrangement Alone 14.2
With families 85.8

ADL Independent 79.0
Dependent 21.0

IADL Independent 38.8
Dependent 61.2

Serious diseases No 82.0
At lease once 18.0
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children who are not included in the SFDC. We also find that co-residence with a
parent is not always related to caregiving. Forty-four percent of children live with
their parents, but only 41 percent give care to their elderly parents. Among adult
children, sons comprise the main part. There are more adult children who live in
rural regions compared to those in urban regions. The proportion of elderly living
in urban areas is slightly higher than that of adult children residing in urban areas,
possibly because adult children from rural areas who have settled in cities have
better opportunities to invite elderly parents to live with them. Nearly 80 percent of
adult children have at least one sibling.

15.3.2 The SRH of the Elderly Parent

The bivariate and multivariate regressions are placed together under the SRH model.
The bivariate analysis is carried out without controlling for any other variables, and
each variable in the regression is the only predictor of SRH. Note that the scores of
SRH rank from “poor” to “very good,” and that the positive coefficient of a variable
simply means that the elder-feature specified by the variable has a larger likelihood to
report a better SRH than the reference level. The bivariate analysis shows that older
persons or those with a functional impairment are more likely to self-rate themselves
as being in relatively poor health. The married elderly are in better health in terms of
SRH than the non-married. Caregiving is negatively associated with the elder’s SRH;
that is, those who receive care have a greater likelihood of reporting poor health.

In China, place of residence (rural or urban) is expected to be a strong predic-
tor of the elder’s SRH because urban residence is a prerequisite for an individual
to access various public resources and medical services. However, in neither the
bivariate nor the multivariate regression does the elder’s place of residence have a
significant effect on the elder’s SRH. One possibility for this is that because each
elder in this study has at least one child, they may be selected by marriage protection
(Lillard and Panis 1996), and for the elderly with late childbearing, fertility protec-
tion (Müller et al. 2002) in the earlier life of the elderly. Note that a similar study
based on data drawn from the CLHLS found in a multivariate regression that place
of residence of the elderly is not significantly associated with the elderly’s SRH
(Liu and Zhang 2004). The effect of place of residence on the elder’s SRH needs to
be examined further in future analyses.

The differences between the bivariate and multivariate regressions are found in
the effects of the elder’s age and marital status. In general, dysfunction tends to
accelerate with the age of the oldest old (Fries et al. 2000). Thus, a decline in SRH
with age is expected. In a multivariate regression that considers the elder’s physi-
ological conditions, however, nonagenarians are more likely to report better health
than octogenarians. Moreover, because in China very old people generally receive
higher respect from society, they will tend to have a more optimistic assessment of
their health2 (Liu and Zhang 2004).

2 An alternative explanation is also possible; it focuses on mortality selection (Vaupel et al. 1979).
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We found it interesting that “caregiving receipt” has a negative effect on the
elder’s SRH, even after controlling for other covariates. Elders who receive care
are more likely to report poorer SRH than those who do not receive care. What we
observe here seems to be a selective effect of care provision, although the regres-
sion model is conventionally used for estimating the expected caregiving protection
effects. As mentioned above, the superficial relationship between the receipt of care
and the relatively poor health of the elder may be misestimated. We will discuss this
further below, where we look at the caregiving model.

In addition, we account for parent-specific propensities in the multivariate re-
gression to self-rate better or worse health through a variance of parent-specific
unobserved attributes. The estimation of the variance shows that the unobserved
attributes of elderly parents contribute to a better SRH (σ ε > 0).

15.3.3 Caregiving by Children

With respect to the caregiving model, we do not find differences in patterns of im-
pact for the other covariates, except for age, between the bivariate and multivariate
regressions. In both regressions, adult children who are male, who are living in a
rural region, who do not reside with their parents, and who have siblings are less
likely to provide care. In rural China, the coverage of social support and health
services is so minimal that the majority of rural elderly rely on their families (World
Bank 1997). However, the bivariate regression shows that the children in rural areas
are less likely to provide care to their elderly parents. A possible explanation may
be that rural elderly prefer to be autonomous for as long as possible, and only when
they face difficulties in performing activities of daily life, are they willing to accept
care from their children (Liang 1999). The place of residence of children and the
number of siblings they have lose significance in the multivariate regression, when
other variables are controlled. It is consistent in both regressions that the health
conditions of the elderly parents predict whether their children provide care or not.

Regarding the effect of the children’s age on their decision to provide care, the
bivariate analysis provides estimates that are different from the multivariate analysis.
In the bivariate regression, children aged 45–54 are less likely to give care than the
younger age group. Older adult children (aged 55–65) inversely intend to provide
much more care. However, in the multivariate analysis, when other variables are
introduced, a clear age pattern of adult children is shown with respect to providing
care to their elderly parents; that is, the older the children, the more likely they are
to give care to their parents. This is consistent with findings from previous studies
(e.g., Marks and Lambert 1997) that show that caregiving reaches a peak in midlife
(i.e. age 45–65).

That is, the frail elderly die out first while the robust remain. Hence, nonagenarians are on aver-
age more robust than octogenarians and thus report relatively better health. However, the cross-
sectional data used in this study cannot examine such selection processes for mortality.
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Our emphasis is on the set of variables for the elderly parents and that are shared
by the SRH model and the caregiving model. The caregiving model shows caregiv-
ing selection, i.e., children are more likely to give care to their elderly parents who
are IADL and ADL dependent and who have suffered from a serious disease at least
once. In the SRH model, however, the negative coefficient for caregiving implies
caregiving selection, too. But what about the protective effect of caregiving?

15.3.4 Joint Model

The protective effect of care provision to the elderly fails to be specified by the SRH
model and the caregiving model. Hence, a joint model is used to identify the two
effects of caregiving. The results are shown in the joint model column in Table 15.3.

The coefficient of care provision by children changes from a negative value in
the SRH model to a positive one in the joint model. The positive coefficient of
care provision to the elderly in the joint model suggests that there is caregiving
protection, i.e., elderly who receive care are in good health. How can we confirm that
the protective effect of caregiving estimated in the joint model is truly protective?

As stated earlier, in each model (one for the elder’s SRH and one for the
children’s care provision), there is a residual term that represents the unobserved
propensity of the corresponding dependent variable. For the dependent variable in
the SRH model, this residual term (ε) represents the propensity of self-rating higher
health. For the caregiving model, the residual term (δ) means the propensity of pro-
viding care to elderly parents. The correlation coefficient of residual terms ε and δ,
ρεδ, indicates the potential correlation between the propensities of self-rating higher
health and providing care. In the joint model, we find that the correlation coefficient
between variances specific to SRH and caregiving is negative; ρεδ = –0.43. This
suggests that the elderly with an above-average propensity to report better health do
not tend to have an above-average propensity to receive care by their adult children;
or that the elderly whose children have an above-average propensity to provide care
to them are less likely to report better health. This is the selective effect of caregiv-
ing. Because the caregiving selection is successfully identified, we believe that the
positive coefficient of the care provision in the joint model is estimated.

When the caregiving selection is identified, the effects of some variables on their
corresponding dependent variables change. The variables shared by the two separate
models, ADL–IADL and serious diseases are underestimated in the two separate
models compared with the joint model. However, despite the underestimated coef-
ficients, ADL–IADL and serious diseases are stable in predicting elderly SRH and
their children’s caregiving.

In addition, in the caregiving model, daughters are more likely than sons to pro-
vide care to their elder parents. However, in the joint model, it is the sons rather than
the daughters who have a greater likelihood of care provision for their elderly par-
ents. In the context of China, most daughters will leave their parents after marriage
to live with the husband’s family. Many elderly parents live with their married sons,
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Table 15.3 Joint model versus separate models for SRH and caregiving

SRH model Caregiving model Joint model

Bivariate Multivariate Bivariate Multivariate

τ1 − −1.905∗∗∗ −2.196∗∗∗

τ2 − −0.248∗ −0.220
τ3 − 1.404∗∗∗ 1.748∗∗∗

Sex (female=0)
Male 0.165∗∗∗ 0.103∗ 0.135∗∗

Age (65–79=0)
80–89 −0.166∗∗∗ 0.086 0.074
90–105 −0.133∗∗∗ 0.222∗∗∗ 0.198∗∗

Race (minorities=0)
Han 0.017 0.184∗ 0.188∗

Residence (urban=0)
Rural −0.034 −0.080 −0.075

Marital status (non-married=0)
Married 0.115∗∗∗ −0.064 0.019

Living arrangement (alone=0)
Live with families 0.048 0.085 −0.066

ADL (independent=0)
Dependent −0.562∗∗∗ −0.646∗∗∗ −0.869∗∗∗

IADL (independent=0)
Dependent −0.513∗∗∗ −0.683∗∗∗ −0.975∗∗∗

Serious diseases (No=0)
At least once −0.583∗∗∗ −0.630∗∗∗ −0.853∗∗∗

Caregiving (No=0)
Yes −0.212∗∗∗ −0.121∗∗ 0.722∗∗∗

Intercept – −0.546∗∗∗ −0.235∗∗

Sex (Female=0)
Male −0.182∗∗∗ −0.202∗∗ 0.539∗∗∗

Age (35–44=0)
45–54 −0.251∗∗∗ 0.383∗∗∗ 1.070∗∗∗

55–65 0.149∗∗∗ 0.800∗∗∗ −0.178∗

Residence (urban=0)
Rural −0.235∗∗∗ −0.125 −1.600∗∗∗

Co-resident with parents (yes=0)
No −0.571∗∗∗ −1.310∗∗∗ 0.044

Number of sibling (zero = 0)
1+ siblings −0.261∗∗∗ −0.013 −0.787∗∗∗

The health status of the elderly
ADL (independent=0)

Dependent 0.293∗∗∗ 0.471∗∗∗ 0.600∗∗∗
IADL (Independent=0)

Dependent 0.058∗∗∗ 0.755∗∗∗ 0.956∗∗∗
Serious diseases (No=0)

At least once 0.158∗∗∗ 0.674∗∗∗ 0.843∗∗∗
σε 1.051∗∗∗ 1.462∗∗∗
σδ 1.430∗∗∗ 1.968∗∗∗
ρεδ −0.423∗∗∗
ln-L −5,034.2 −2399.3 −7426.9

* p < 0.05; **p < 0.01; ***p < 0.001
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especially in rural China. Hence, the likelihood of a daughter’s providing care to
her parents is much lower than that of a son. Despite this, daughters may still come
back to take care of their parents when they are in poor health. In other words, care
provision by daughters probably is corresponding to the poor health status of their
elderly parents, and thus is selective. Considering the marriage patterns and living
arrangements in China, selective caregiving is much stronger. Therefore, it is the
sons who usually live with their parents, and who are the true primary caregivers
rather than the daughters, who usually live far away from their elderly parents.

Similar changes are found in the age patterns of the adult children in providing
care to their elders. The caregiving model shows that the older the children, the more
likely they are to give care to their parents. This age pattern, however, disappears
when we look at the joint model. This is because older adult children (aged 55–65)
are less likely than younger adults to provide caregiving. A possible explanation is
that adult children will experience dysfunction with age to different degrees. They
are sometimes in need of care themselves. But as children, their responsibilities of
filial piety cannot be substituted by someone else. As for the older adult children, if
their elderly parents are in good health, their younger siblings or their children can
assume their responsibility of taking care of their parents. Hence, the provision of
care by older adult children probably implies that the elderly parents have relatively
serious health problems. With the successful identification of selective caregiving,
the true role older adult children play in the family’s support emerges: younger adult
children, rather than older adult children, are the primary care providers.

15.4 Discussion

Previous studies of the effect of children’s caregiving on their elderly parents’ health
are limited because they fail to correctly identify caregiving selection. Most previous
studies note that the care received by the elderly is to some extent conditional on the
health of the elderly. The analyses have endeavored to control for this effect by
taking into account the health status of the elderly. This method, however, proves
difficult to identify caregiving. In the research reported in this chapter, the emphasis
has been on distinguishing the protective effect of caregiving from the selective one,
both theoretically and methodologically.

We have reached several conclusions. First, there are protective and selective
effects of care provided by children to their elderly parents. Many previous studies
have observed caregiving selection and caregiving protection. However, they have
failed to distinguish the two effects of caregiving because they employed inappro-
priate methods. In this research, we have succeeded in identifying the two effects of
caregiving through a joint model.

Second, the protective effects of caregiving can correctly be estimated only if
the selection of caregiving is successfully identified. It is easy to understand the
difference between the protective and selective effects of care provision for the el-
derly. But the conventional approaches to analysis, especially those based on selec-
tively collected information about care to the elderly, make it difficult to specify the
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two effects. We addressed this issue with a joint model on the relationship between
the health of the elderly and care provision to the elderly. In this model, several
important variables, such as ADL-IADL and suffering from serious diseases, are
shared by the SRH model and the caregiving model. Moreover, a correlation co-
efficient between the residual terms of the two models is used to represent the
unobserved relationship between the propensities of self-rating better health and
of giving care. We can confirm that the correct estimate of the protective effect of
caregiving has been obtained since the negative correlation coefficient suggests the
existence of caregiving selection.

Third, the joint model reveals the gender and sex patterns of caregiving. When
the sex-specific selection of caregiving is removed, it turns out that sons who usually
live with their elderly parents are the primary caregivers. This is inconsistent with
the general expectation regarding the role gender plays in providing elder care. Note
that unlike other types of old-age support (e.g. financial support), caregiving usually
requires face-to-face contact. Clearly, adult children who live with elderly parents
are at an advantage compared to those who do not with respect to providing care to
their elderly parents. Daughters who usually do not reside with their elderly parents
are in a disadvantageous position regarding their ability to provide care to their par-
ents. Hence, care provision by daughters probably means the relatively poor health
status of their elderly parents (at least for the short term). Similarly, identification of
caregiving selection reveals the age pattern of the adult children who provide care.
The primary care givers are the relatively younger adult children.

Finally, this research makes sense in terms of methodology. First, in both separate
and joint models, the variables of one member of the parent-child dyad predict the
outcome variable for another member. In the joint model, especially, the residual
components assumed to be jointly normally distributed represent a good identifica-
tion of this modeling. This means that the joint model succeeds in the conceptual
specification of the complex interrelationship between the health status of the el-
derly and the care provided by their adult children. With appropriate modeling, the
dyadic approach is able to do much more than comparing similarities or differences
between two dyadic members.

However, we must note that this research is limited in several aspects. First, our
analysis does not cover everything regarding the health status of elderly parents
and their adult children. For instance, following the exchange motive of transfers
(Lillard and Willis 1997), care provision for elderly parents may partly result from
the financial support of parents to their children. But in our model, the analysis
is restricted to considering support coming from children and provided to parents
based on the concept of filial piety in the Chinese context. Moreover, we do not
consider the interrelations among caregiving and other types of support provided
by children, such as financial and emotional support. This oversimplifies the com-
plicated structure of intergenerational support. For instance, it is found that chil-
dren who do not live with their parents prefer to provide financial support, whereas
children who live with their parents or live nearby are more likely to provide face-
to-face care (Chi 2002). Although such simplification suffices for the goal of this
research, i.e., identifying the protective and selective effects of caregiving, there is
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considerable room left for further elaboration. Second, due to the known limitations
of cross-sectional data, our model is unable to examine the dynamics of changes in
health status and in caregiving. Thus, we cannot answer or explore questions such
as how children’s caregiving changes with elderly parent’s health, and what impact
children’s caregiving will have on family relationships. In an important sense, the
research reported here is only the beginning.
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Chapter 16
The Challenge to Healthy Longevity: Inequality
in Health Care and Mortality in China

Zhongwei Zhao

Abstract China made great progress in lowering mortality in the second half of
the twentieth century. Its life expectancy increased from approximately 35 years to
more than 65 years between 1950 and 1980. China’s recent socio-economic reforms
started in the late 1970s and has brought about both positive and negative changes
in social security and health care systems. Some of the changes have created dif-
ficulties for the further improvement of public health. While China’s mortality has
continued to fall in the last 25 years and life expectancy has now reached 72 years,
it also faces serious challenges in further improving healthy longevity. This chapter
first reviews the epidemiological transition and increasing longevity in the world.
It then discusses China’s mortality decline and some major changes in health care
taking place in recent decades. Following that, it examines the increasing inequality
in health care and mortality across different areas and population groups. Finally, it
comments on major challenges in raising healthy longevity and some related issues.
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Ageing, China, Cause of death, Cooperative Medical System, Disparity,
Epidemiological Transition, Gini index, Government Insurance Scheme, Health
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Mortality differential, Mortality transition, Regional variation, Rural areas, Sanitary
conditions, Standards of living

China has made significant progress in reducing mortality in the second half
of the twentieth century. Between 1950 and 1980, its life expectancy at birth has
increased from approximately 35 to more than 65 years. This achievement and the
successful experiences of lowering mortality in Sri Lanka, Costa Rica and some
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other populations have been widely regarded as “routes to low mortality in poor
countries” (Caldwell 1986: 171). Radical socio-economic reform and rapid eco-
nomic growth have occurred in China since the late 1970s. This profound socio-
economic transformation has brought about both positive and negative changes in
social security and health care systems. Some of them, for example, the collapse
of the Cooperative Medical System in many rural areas, have created difficulties for
the further improvement of public health. Growing inequality in income distribution
has also made the reduction of mortality difficult to achieve in poor areas and among
disadvantaged population groups. Although China’s mortality has continued to fall
in the last 25 years, and life expectancy has now reached 72 years, the country also
faces great challenges in the further development of healthy longevity.

This chapter begins with a brief review of the epidemiological transition and
increasing longevity in the world. It then discusses the mortality decline that has
been observed in China in the last 50 years and some of the major changes in health
care brought about by recent socio-economic reforms. Then the chapter examines
the increasing inequality in health care and mortality across different areas and pop-
ulation groups. It next comments on major challenges in raising healthy longevity
and some of the related issues. The chapter concludes with a brief summary.

16.1 Epidemiological Transition, Increasing Longevity
and the Emergence of the Ageing Society

Although this chapter is about inequality in health care and healthy longevity in China,
we begin with a brief review of the epidemiological transition, increasing longevity,
and the emergence of theageing society in theworld. This discussion will help us place
China’s mortality decline in the context of world demographic changes and highlight
China’s major challenges in further improving public health and longevity.

Mortality was high throughout most of human history. Although considerable
fluctuations in mortality were recorded in the past, its continuous and long-term
decline did not begin until the second half of the eighteenth century (Laslett 1995).
The mortality decline has been closely related to changes in major causes of death.
They together are frequently referred to as the epidemiological transition.

According to Omran, before the start of the epidemiological transition, people
lived in the “age of pestilence and famine” when mortality fluctuated around a high
level. Average life expectancy at birth was low, ranging between 20 and 40 years.
During this time, the major cause of death was infectious diseases occurring in pan-
demics. “The age of receding pandemics” started in some countries from the second
half of the eighteenth century. During this transitional stage, the threat of infectious
diseases decreased gradually, and mortality fell to a lower level. Life expectancy at
birth rose from about 30 years to about 50 years. This led to “the age of degenerative
and man made diseases,” when deaths were largely caused by chronic degenerative
diseases such as cardiovascular diseases and cancers. Life expectancy at birth further
increased to 50 years and above (Omran 1971, 1983).
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When Omran first proposed this theory, death rates due to some of the degenerative
diseases had already fallen in some developed countries, and they have continued
to decline further. This has resulted in a continuous increase in life expectancy.
Olshansky and Ault accordingly revised the epidemiological transition theory by
adding a fourth stage, namely, “the age of delayed degenerative diseases.” During
this stage, the major degenerative causes of death remain as the major killers, “but
the risk of dying from these diseases is redistributed to older ages” (Olshansky and
Ault 1986: 361). According to this theory, most of the developed countries in the
world have already entered the fourth stage of the epidemiological transition, where
the major causes of deaths are degenerative diseases, and mortality has fallen to a
very low level.1

One of the direct outcomes of the epidemiological transition is the persistent
rise in life expectancy and the notable increase in the recorded maximum length of
the human life span. Oeppen and Vaupel (2002) studied mortality changes in the
world and found that life expectancy in record-holding countries (i.e. countries with
the lowest mortality in a given time) has risen steadily since 1840. In the female
population, for example, life expectancy has increased in an extraordinary linear
fashion at a rate of almost 3 months per year. There is no sign that this trend will
stop soon (Oeppen and Vaupel 2002). Because of this change, most of the developed
countries now have a life expectancy at birth of around 80 years.

In the age of pestilence and famine, it was very difficult for an individual to
survive to advanced ages. When the average life span was only some 30 years or
less people rarely lived to 70 years, as suggested by a Chinese proverb, let alone
a hundred years. A statistical analysis conducted by Wilmoth also shows that it
was very difficult for people to live to 100 years, and it was almost certain that no
people survived to 110 before the year of 1800 (Wilmoth 1995). The rapid increase
in the number of very old people is largely a phenomenon of the twentieth century.
As indicated by the data assembled by Kannisto and other researchers, in twelve
selected developed countries (Austria, Belgium, Denmark, England and Wales,
Finland, France, West Germany, Italy, Japan, Norway, Sweden and Switzerland)
with the most accurate population data, the number of people aged 80–89 increased
by four times during the period from 1950 to 2000. But those aged between 90 and
99 increased 15 times, and those aged 100 and over increased almost 50 times from
just over 800 to about 40,000 people (Kannisto 1994; University of California at
Berkeley and Max Planck Institute for Demographic Research 2006).

These changes have led to the emergence of an ageing society, or what Laslett
called “the emergence of the third age” (Laslett 1989). The most important demo-
graphic feature of such a society is the increase in the proportion of old people and
the gradual increase in the age of the population. This chapter is not about the ageing
society itself, and a detailed discussion of this topic is beyond its scope. However, it
is useful to briefly mention some characteristics which have been widely observed

1 For recent discussion on the epidemiological transition, see Olshansky et al. (1998) and
Vallin (2005).
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in developed countries and are most relevant to the issues that will be examined in
the remaining part of this chapter.

In most developed countries such as the twelve mentioned above, demographic
changes and the epidemiological transition started earlier than in other parts of the
world. By the year 1900, mortality in many of these countries had already declined
to a relatively low level, and life expectancy at birth had reached around 50 years.
People in most of these countries have enjoyed a high standard of living for quite
a long time. Per capita Gross Domestic Product at purchasing power parity is high
in all these countries. Their human development indices are at the top of the list
in the world. The level of socio-economic equality is also relatively high in most
of these countries, where fairly good support is available for poor and disadvan-
taged peoples. Most of these countries have well-established health care systems
and social security systems. According to an evaluation made by the World Health
Organization (WHO) in a report published in 2000, the level of fairness in financial
contribution to health care is high in all these countries, and regional variations in
public health and mortality are relatively small. In most of these countries, govern-
ment spending on health care is relatively large and has been increasing in recent
years. All these are obviously some of the major contributing factors that have led to
mortality decline, and they are likely to be important conditions for further increases
in life expectancy.

16.2 China’s Mortality Decline and Recent Changes
in Health Care

Levels of mortality level were high in historical China (Barclay et al. 1976; Zhao
1997; Lee and Wang 1999). While survivorship improved in some areas in the first
half of the twentieth Century, the crude death rate for the national population “was
close to 40 per thousand population in 1930 and stayed that high or higher during
most of the 1930s and 1940s” (Banister 1987: 80; Campbell 2001). Life expectancy
at birth was likely less than 35 years. China made very impressive progress in re-
ducing mortality between the early 1950s and the late 1970s, although it was inter-
rupted severely first by the Great Famine and then by the social upheavals in the
early years of the Cultural Revolution. According to low but perhaps more reliable
estimates, China achieved great success in lowering mortality. Life expectancy at
birth increased to 50 years in 1957, to 61 in 1970 and to 65 in 1981, a gain of about
10 years per decade for some 30 years (Banister 1987: 116).2 This is not only faster

2 The most rapid improvement was recorded between 1950 and 1957. During this period, the fall
in mortality was dramatic and the life expectancy at birth rose between 15 and 20 years. Data
provided by China’s Population Information and Research Center indicate that life expectancy at
birth for the national population rose to 56 in 1957, to 64 in the early 1970s and to 68 in 1981
(Huang and Liu 1995). These figures likely under-represent actual mortality levels because of the
under-registration of deaths.
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than that recorded in Europe, but also surpasses what was observed in Japan and
Korea in recent decades (Zhao and Kinfu 2005).

Rapid socio-economic changes have occurred in China over the last 25 years.
According to unadjusted (for inflation) figures, China’s GDP rose about 32 fold from
362.4 billion yuan in 1978 to 11725.1 billion yuan in 2003. Results based on compa-
rable/standard prices show a slower growth, but the resulting indices still increased
from 100 to 940 during this time (National Bureau of Statistics (NBS) 2004). Thanks
to this achievement, standards of living have greatly improved despite the fact that
China’s total population increased by some 300 million during this period, which is
about the size of the population of the United States in 2007. According to recent
estimates made by the World Bank, in China the number of people living under
the poverty line of one dollar per day decreased by over 420 million, from 633.7
million in 1981 to 211.6 million in 2001. This played an important part in poverty
reduction in the world where the number of people living under the poverty line
fell by 390 million during the same period (Chen and Ravallion 2004). Because of
these changes, the health status of the Chinese population as a whole has contin-
ued to improve. Unlike the republics of the former USSR and some of the Eastern
European countries where mortality stopped declining or even increased during their
recent reconstruction (Mesle 2004), China’s life expectancy at birth has reached 72
years—a level well above the world average, but ten years lower than the world
record (Population Reference Bureau 2004; Ren et al. 2004).

Because of these changes, the number of very old people increased rapidly in
China. According to published census results, from 1953 to 2000 the number of
people aged 80–89 increased by six times from less than two million to eleven
million. The number of those aged 90–99 increased by 14 times from 68,000 to
953,000. (See the first chapter in this volume by Poston and Zeng for more discus-
sion.) In these age groups, recorded mortality rates have also shown some decrease
in recent years. According to the 2000 census, however, mortality rates for China’s
elderly population (up to age 94) are still notably higher than those recorded in many
developed countries.

It is difficult to estimate the change in the number of centenarians, because this
figure has been over-reported in China’s early censuses. For example, the 1953 cen-
sus reported 3,384 centenarians, which is four times the 809 centenarians recorded
in the twelve developed countries mentioned earlier, although the number of Chi-
nese who were aged 90–99 is less than half that of their counterparts. While consid-
erable improvement has been made, age misreporting at the very old ages is still
noticeable in recent censuses (Fan 1995; Zhuang and Zhang 2003).3 This issue
along with registration problems of other kinds may contribute to the relatively low
mortality recorded among those aged 95 and above.

3 For example, in the year 2000, China’s mortality was notably higher and life expectancy was
some eight years lower than the corresponding figures in the twelve developed countries mentioned
earlier. However, the ratio of centenarians to people aged 90–99 was 0.019 and slightly higher than
that in the 12 countries. This could be a result of age misreporting at the very old ages.
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China’s recent socio-economic reforms have significantly transformed Chinese
society and made China a new powerhouse for economic development in the world.
However, this transformation has also brought about some negative changes. They
are particularly noticeable in the area of health care and are summarized in the next
few paragraphs.

Firstly, China’s health services have been commercialized considerably during
its recent market oriented economic reforms and have increasingly become profit
driven. As a result, the cost of health care has risen sharply. An estimate produced
by the Ministry of Health (MOH) shows that in comparison with 1990, per capita
income in 1999 increased by 288 percent and 222 percent in China’s urban and rural
areas, respectively. However, the cost of medical care grew at an even faster pace; the
cost of visiting doctors (menzhen) rose by 625 percent and that of in-hospital treat-
ments (zhuyuan) by 511 percent during the same period (Rao and Liu, 2004: 51).4

The high costs have already become a major obstacle preventing many people from
receiving needed medical treatment.

Secondly, many workers and peasants have lost their health care coverage be-
cause of recent changes in the health care system. In the late 1970s, more than
75 percent of urban employees and retirees were covered by the Government Insur-
ance Scheme or Labour Insurance Scheme, and benefits were often extended to their
dependents. Co-operative Medical Systems were set up in 90 percent of China’s
rural areas (Wu 2003: 234 and 244). According to the National Health Service Sur-
vey (NHSS) conducted by the MOH in 2003, the proportion of people covered by
various health insurance schemes was moderate, even though it had increased from
a lower level in the early 1990s. Even in large and medium cities, some 40 percent
of people did not have any health care coverage. In rural areas the figure was almost
80 percent (Center for Health Statistics and Information (CHSI) of MOH 2004).

Thirdly, due partly to the commercialization of health care services, China’s total
health expenditures rose by 40-fold from 14.3 billion yuan in 1980 to 568.5 billion
yuan in 2002, or from 3.2 to 5.4 percent of GDP. These increasing costs have fallen
largely on individuals. Government health spending as a percentage of GDP actually
decreased from 1.1 to 0.8 percent, but the total amount spent by individuals as a
percentage of GDP increased from less than 0.7 to 3.2 percent. Measured in absolute
terms, the health expenses paid by individuals increased from 3.0 billion yuan to
331.4 billion yuan, or about 110 times (Rao and Liu 2004: 37).5 This pattern is
radically different from that in most developed and many less developed countries
where government expenditures on health are far greater than the contributions made
by individuals (WHO 2004).

Fourthly, medical services in China’s large cities and less developed rural ar-
eas have become more polarized than before. Medical facilities in large cities and
developed areas have improved in recent years. The gap between these places and

4 The rate of income increase would be somewhat different were it computed with data published
by NBS, but would still be markedly smaller than the increase in the cost of visiting doctors and
in-hospital treatments (NBS 2004).
5 These figures are estimated from the data presented by Rao and Liu and not adjusted for inflation
(Rao and Liu 2004: 37).
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developed countries in the number of medical professionals and in types of health
services they offer has become small in recent years. In contrast, government invest-
ment in health has been inadequate in less developed rural areas where the number
of medical professionals actually decreased at the grass-root level. According to
the figures reported by MOH, while the number of medical professionals working
in county-level hospitals or health facilities of other kinds increased slightly from
1.3 million in 1977 to 1.5 million in 2003, the number of village doctors (formerly
known as “barefoot doctors”) decreased from 1.8 to 0.8 million and the number of
health workers (wei sheng yuan) decreased from 3.4 to 0.8 million during the same
period (Rao and Liu 2004: 35).

Fifthly, the inequality in income distribution has grown at a startling speed,
and wealth has increasingly become controlled by a small number of people.
The Gini index increased from 0.31 in 1985 to 0.42 in 2001, according to Wu
and Perloff (2004). While others have made different estimates, they all gener-
ally agree that disparities in income and wealth have reached an alarming level
(Meng 2004; China Daily 2004). This stark inequality has also been noted by the
United Nations (2005). China’s recent reforms have broken the “iron rice bowl.”6

Many poorly managed companies and factories have undergone bankruptcy during
the last 20 years, and their former employees have lost their jobs.7 Changes of a
similar nature have also been observed in the rural areas. Unemployment, along
with other factors, often leads to poverty. Accordingly, the rapid socio-economic
changes have produced not only the new rich, but also the new poor.8

16.3 Inequality in Health Care and Variation
in Morbidity and Mortality9

The changes discussed in the preceding sections have resulted in increases in the
inequality in health care in China and have had a marked impact on public health and
mortality improvement. Although impacts of this kind are often difficult to detect
from health or mortality statistics aggregated at the national or provincial levels, they
have already reached a critical level and threaten the potential of future economic
growth, and to some extent the stability of the society. This section discusses some
of these problems via an examination of data collected by the NHSS in 2003, the
population census undertaken in 2000, and data gathered from National Diseases
Surveillance Points in the late 1990s.

6 This is a Chinese phrase often used to refer to the guaranteed job provided by the government
and state.
7 According to the NBS, registered urban unemployment rates have varied between 3 and 5 percent
in most provinces in recent years (NBS 2004). The actual figures are likely higher.
8 While the number of people living under the poverty line has decreased greatly in China since
the start of the reforms, a recent health survey revealed that there were still 7.2 percent of surveyed
households receiving financial support from governments (CHSI of MOH 2004).
9 This section summarizes some of the research findings reported in Zhao (2006), where a more
detailed discussion may be found.
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16.3.1 Considerable Variation in the Availability of Health
Services, Living Standards and Sanitary Conditions

According to the NHSS, there is still a huge gap in the availability of healthcare
services, standards of living and sanitary conditions between China’s advanced and
less developed areas, as shown in Table 16.1.

The NHSS collected detailed data on the economic status, health conditions,
participation in health care systems, use of health facilities, and other relevant
information from 194,000 respondents and 57,000 households selected from 28
districts and 67 counties. These districts and counties, which had a total popula-
tion of approximately 45 million at the time of the survey, were sampled from,
and also grouped into, three types of cities and four types of rural areas (CHSI of
MOH, 2004). The major criterion for grouping the cities is their population size. As
in many other countries, the population size of Chinese cities is related to the level
of socio-economic development.10 Large cities generally are regional or national
economic centers, while the medium-sized and especially the small cities tend to be
in remote and less developed areas. Rural areas are classified into four categories
according to their levels of socio-economic development. Type I includes China’s
advanced and rich rural areas; Type II areas are not as developed as the Type I areas,
but peasants in these places can have a reasonably comfortable life; Type III areas
consist of those where food, clothing and other living necessity have reached just
adequate levels; and Type IV includes China’s least developed and poor rural areas.

Table 16.1 Disparities in the availability of health care, living standards and sanitary conditions
2003

Cities Rural areas

Large Medium Small Type I Type II Type III Type IV

Number of doctors per
1000 population

5.8 4.4 1.7 1.3 1.0 0.8 0.6

Number of nurses per
1000 population

5.8 4.8 1.4 1.1 0.7 0.6 0.4

Proportion having no
medical care coverage

38.5 41.2 55.0 67.8 80.7 88.6 70.8

Per capita income (yuan) 8292 6607 4589 3163 2187 1938 1187
Per capita expenditure

(yuan)
6297 4791 3524 2466 1763 1666 1039

Proportion of households
using tap-water

99.5 99.8 87.6 49.3 31.1 27.4 30.1

Proportion of households
using flush toilets

86.1 93.5 57.6 13.5 4.1 2.1 1.2

Sources: CHSI of MOH (2004).

10 Chinese cities are often divided into three groups according to their population size: cities with
a population of less than 200,000 are defined as small cities; those with a population between
200,000 and 500,000 are defined as medium cities; and those with a population of over 500,000
are defined as large cities (The Standing Committee of the National People’s Congress 1989).
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In general, more people engage in agricultural production in the least developed
rural areas as compared to the advanced rural areas.

Table 16.1 reveals great disparities between the advanced and less developed ar-
eas in the availability of health services, standards of living and sanitary conditions.
In large cities, there are 5.8 doctors and 5.8 nurses for every 1,000 residents. In
contrast, there is only 1 such medical professional (0.6 doctors and 0.4 nurses) per
1,000 population in Type IV rural areas. In large cities, a hospital serves an area
of 1.4 square kilometres and 14,800 people on average, but in the least developed
(or Type IV) rural areas, a hospital serves an area of 1,047 square kilometres and
103,000 people on average. This makes it very difficult for those with acute health
conditions to get high quality and timely treatment.11 In large and medium-sized
cities more than 60 percent of the people are covered by some kind of health care
scheme, but in most of the rural areas, people without any health care coverage
account for about 80 percent of the population. Because of the shortage of health
facilities and health professionals, people in the less developed rural areas are disad-
vantaged in their ability to access knowledge about health care and health services.
For example, while in large and medium cities, 94 percent of respondents had some
knowledge or had heard about HIV/AIDS, only 40 percent of respondents in Type
IV rural areas had such knowledge.

There is also a large gap across these areas in people’s standard of living and
living environment. As shown in Table 16.1, in large cities average annual income
and expenditures are seven times and six times, respectively, those for Type IV rural
areas. In many rural areas, especially in Type IV rural areas, the income level is well
below the internationally recognized poverty line of one dollar per day. Such a low
living standard directly affects people’s nutritional intake which in turn makes them
vulnerable to many diseases. In China’s poor rural areas, more than 20 percent of
children below age 5 are under weight for their age, and infant mortality is high; this
is a clear indication of such an impact (Rao and Liu 2004). In addition, people in
less developed rural areas usually live in a hygienically inadequate environment. For
example, compared with large and medium-sized cities where almost 100 percent
of people use tap-water and around 90 percent of households have flush toilets, in
Type III and IV rural areas, less than one-third of the people use tap-water and
about 90 percent of toilets are regarded as unhygienic (CHSI of MOH 2004: 70). It
is important to note that all of these factors are closely related to morbidity patterns
and the level of mortality, which will be discussed later.

16.3.2 Increasing Inequality in the Accessibility of Health Services

Because of the increasing inequality in healthcare coverage and in the distribution
of income and wealth, great intra-regional inequality in healthcare has become a
major social problem. This has also had in recent years a considerable effect on the

11 There are clinics and health stations in some of the poor areas, but they are usually not equipped
to treat complex health problems.
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improvement of public health. This is particularly the case with regard to patients’
access to health services, as shown in Table 16.2.

According to the NHSS, about 28,000 out of nearly 200,000 respondents, re-
ported having suffered from various types of illness during the two weeks before the
time of the interview. Slightly more than half of them visited doctors for treatments,
and a total of 26,000 visits were recorded. As indicated by Table 16.2, nearly half
of those suffering from various kinds of health problems did not see doctors for
treatment. Some people treated the illness themselves, and 13 percent did not have
any treatment at all. In large and medium-sized cities and in Type I and Type II rural
areas, about one-third of those who did not receive any treatment did not do so due to
economic hardships. In small cities and in Type IV rural areas, the proportions were
markedly higher and close to 50 percent. Poverty and inequality have noticeably
influenced people’s access to medical services. Even in large cities, 3 percent of all
patients could not get the needed treatment because of economic difficulties. The
impact was greater in the least developed rural areas where nearly 10 percent of
patients were not treated because they did not have the financial resources.12

Table 16.2 Proportions of patients visiting doctors or getting in-hospital treatments

Cities Rural areas

Large Medium Small Type I Type II Type III Type IV

Number of person–time visits to
doctors in the two weeks before the
survey (per 1,000 people)

119.7 92.6 138.2 115.7 145.7 158.0 118.3

Proportion of patients who did not
visit doctors for treatment

57.7 63.8 48.9 49.8 43.0 46.7 43.0

Proportion of patients who did not
have any treatment

10.7 7.6 10.6 11.9 12.8 15.5 18.9

Proportion having not had any
treatment because of financial
difficulties

30.8 32.7 47.0 29.2 33.9 41.2 49.1

Number of person–time
hospitalizations in the previous year
(per 1,000 people)

40.3 46.0 41.6 34.2 30.1 35.7 36.5

Proportion of in-patients asking for
early discharge from the hospital

32.6 31.8 38.8 39.0 45.2 53.5 47.5

Proportion asking for early discharge
because of financial difficulty

40.8 50.8 65.1 66.8 62.9 68.2 73.2

Proportion of patients who ought to
but did not have in-hospital
treatment

23.3 31.3 28.7 23.2 27.1 35.8 31.2

Proportion not receiving in-hospital
treatment because of financial
difficulty

64.4 35.6 74.8 77.6 74.9 75.5 73.6

Sources: CHSI of MOH (2004).

12 These figures are derived by multiplying the proportion of patients who did not have any treat-
ment (figures in row three of Table 16.2) by the proportion not having had any treatment because
of financial difficulty (the figures in row four of Table 16.2) and then dividing by 10,000.
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Influence of this kind is more observable in people’s accessibility to in-hospital
treatment. The NHSS also recorded that nearly 6,000 patients were hospitalized for
a total of about 7,000 times for treatment during the year prior to the survey. Because
of the high cost of the in-hospital treatment, which almost equals a person’s average
annual income, 43 percent of in-patients asked to be released from hospitals before
the date recommended by their doctors. This proportion is highly related to the level
of socio-economic development, people’s income and the percentage of respondents
covered by various medical care schemes in each type of area.13 As expected, the
majority of those asking for an early discharge did so because of economic hard-
ship. In large cities, 41 percent of patients who wanted to be released earlier did
so due to financial difficulty, and in Type IV rural areas the figure was as high as
73 percent. In addition, there was also a large number of patients who should, but
did not, have any in-hospital treatment at all, varying from 23 to 36 percent across
the seven types of areas. Again, economic difficulty was the major determinant for
such decisions. In small cities and in rural areas, three quarters of those who should,
but did not, have the in-hospital treatment did not do so because of this reason.
In medium-sized cities, the proportion of patients who did not receive in-hospital
treatment because of financial difficulty was noticeably lower than in all other areas.
This was likely caused by reporting or coding problems in one district (the Lubei
District, Hebei Province) where 85 per cent of those who should, but did not, have
in-hospital treatment reported that they felt the treatment was unnecessary and only
9 percent reported that they did not seek treatment due to financial difficulties. If
this district is excluded, then in the medium-sized cities the proportion of patients
not getting in-hospital treatment because of financial difficulties increases from 36
to about 63 percent, which is very close to the proportion in large cities, which is
64 percent.

16.3.3 Great Disparities in Causes of Death and Mortality

The striking gap in living conditions and in the availability and accessibility of
health services directly results in great disparities in public health and in mortal-
ity patterns between the advanced and the less developed areas. As indicated by
Table 16.3, there is great variation in morbidity patterns and major causes of death
across regions with different levels of socio-economic development. The NHSS
reveals that a larger proportion of urban than rural respondents reported that they
suffered from cardiovascular diseases during the two weeks before the survey. Car-
diovascular diseases comprise more than one third of all reported diseases in large
cities, but account for less than one tenth of the diseases in Type IV rural areas.14 In

13 These conclusions are supported by the analysis of data recorded at the individual level, which
was conducted by CHSI of MOH (2004).
14 This may be partly related to the fact that in less developed rural areas there is a lack of accurate
diagnosis, and many people are not aware of these and some other types of non-communicable
diseases.
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Table 16.3 Variations in mortality and causes of death

Cities Rural areas

Large Medium Small Type I Type II Type III Type IV

Proportion of deaths by
Infectious and 3.8 3.9 6.2 4.4 6.1 11.4 23.1
maternal diseasesa

Non-communicable 84.2 80.8 74.7 80.9 78.6 70.3 60.6
chronic diseases
Injury and 6.0 7.4 4.8 10.3 11.2 13.1 10.2
poisoning
Unknown 6.0 7.9 14.3 4.4 4.0 5.1 6.1
reasons

TB prevalence rate (per
100,000 population)

37.3 69.9 150.1 81.1 96.3 140.8 223.2

Average life expectancy
at birth

77.7 77.7 75.7 73.8 73.0 71.3 65.2

Average infant mortality
rate in 2000

6.0 8.6 14.5 14.1 24.2 30.6 54.0

Sources: Department of Control Disease of MOH and Chinese Academy of Preventive Medicine
1997 and 1998. The life tables for these districts and counties are provided by Yong Cai. CHSI of
MOH, 2004.
a See the text for the classification of these categories.

contrast, the proportion of people who reported to have suffered infectious diseases,
digestive diseases, and respiratory diseases was greater in the less developed rural
areas than in the large and medium-sized cities. A notable example is the differ-
ence between China’s advanced and less developed areas in their TB prevalence
rates. According to the data collected by the NHSS, the TB prevalence rate is 37 per
100,000 in large cities, but is significantly higher at 223 per 100,000 in Type IV rural
areas. These results are computed based on patients who coughed continuously for
at least three weeks and were then diagnosed with TB in hospitals. The adjusted
rates, which were estimated by the MOH and included patients who had the disease
but had not been diagnosed in this way, were noticeably higher.15

The results are supported by the causal structure of deaths observed from China’s
disease surveillance points. As shown in Table 16.3, in China’s large and medium-
sized cities and in advanced rural areas, the major causes of death are very similar
to those in developed countries. The overwhelming majority of deaths were caused
by cancers, heart diseases, cerebrovascular diseases and other non-communicable
diseases. The proportion of those dying from infectious diseases is low. In contrast,
in Type III and IV rural areas, the proportion of deaths due to non-communicable
chronic diseases is much lower; and deaths caused by infectious diseases, diseases
of upper respiratory tract, pneumonia, influenza, maternal diseases, and diseases

15 The MOH adjusted rate for the surveyed population is 153.4 per 100,000, which is notably
higher than the 115.6 per 100,000 computed according to the above method (WHO 2004).
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originating in the perinatal period are considerably higher.16 This pattern is very
similar to that found in many less developed countries.

The marked gap in public health and morbidity patterns also affects and is re-
flected in the level of mortality. There is a strong positive relationship between life
expectancies at birth and levels of socio-economic development.17 Life expectancy
at birth in large cities is more than 12 years greater than in Type IV rural areas.
When examined at the district and the county levels, the gap between the highest
and lowest life expectancies is even larger and is close to 20 years. Great disparities
of this kind also exist in infant mortality. According to data in the 2000 census, the
recorded infant mortality rate in large cities was 6 per 1,000 and very close to the
lowest in the world, but in Type IV rural areas it was 54 per 1,000, or nearly 10
times higher. High infant mortality in less developed rural areas is directly related
to poor access to effective medical services. Data collected from China’s disease
surveillance points show that in rural areas in 1998 the infant mortality rate due to
pneumonia was about 15 times that in urban areas (Department of Disease Control
of MOH and the Chinese Academy of Preventive Medicine 1998). Had timely treat-
ment been available or easier to access in less developed rural areas, many of these
lives could have been saved.

16.4 Challenges to Healthy Longevity

The problems examined in the last two sections have already become major ob-
stacles in improving public health. They are also major challenges for further in-
creasing life expectancy and for understanding and promoting longevity, which are
discussed below under two sub-headings.

16.4.1 Improving Healthy Longevity

A number of observations can be made from the evidence presented up to this point.
Because of the deterioration of China’s health care system in the 1980s and the
recent spiralling increase in the cost of medical services, it has become difficult for
poor or disadvantaged people to obtain adequate medical care. It is alarming that
financial difficulties were the reason that in less developed rural areas more than
half (52 percent) of the patients who needed to have in-hospital treatments either

16 This is rather similar to the causal structure of death found in many less developed countries.
These patterns are generally consistent with those described by epidemiological transition theory
and observed in other populations (Omran 1971, 1983).
17 These life expectancies are obtained from the life tables constructed by Yong Cai on the basis
of unadjusted mortality data gathered in the 2000 census. Studies have shown that the 2000 census
under-recorded deaths (Li and Sun 2002). However, because detailed information is not available,
we are not able to adjust recorded mortality rates. While the recorded life expectancies might be
slightly higher than the actual ones, the marked difference in mortality among the different areas
as indicated by these data is reliable.
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could not have them or had not completed the in-hospital treatment recommended
by doctors.18 The problem has become so severe that some Chinese officials have
recently suggested that China’s healthcare reform is largely a failure (Bai 2005). The
impact of increasing inequality in income distribution and healthcare on population
health is also indicated by the fact that between 1981 and 2000, infant mortality fell
by 59 percent in large and in medium-sized cities, but the reduction was only about
30 percent in small cities and in poor rural areas. The disparity in mortality between
advanced and less developed areas has actually increased (Zhao 2006).

Evidence also shows that because of the changes and problems examined above,
there have been some downward trends in improving public health. In addition to the
great reduction in the number of village doctors, the proportion of children receiving
immunizations or vaccinations has decreased in recent years (CHSI of MOH 2004;
Riley 2004). The prevalence rate of TB has remained high and has increased in
some areas. This is particularly the case among the poor and among temporary mi-
grants who often live under crowded and poor living conditions. TB kills many more
people each year than most other infectious diseases.19 The increase in HIV/AIDS,
in poor and in less developed areas in particular, is another example. According
to data published by official reports, more than 800,000 people have been infected
by the virus since it was first recorded in China, and AIDS may become a major
killer in China if it can not be controlled effectively (State Council AIDS Working
Committee Office and UN Theme Group on HIV/AIDS in China 2004). Partly due
to these changes, China’s recent mortality decline has become slower in comparison
with that recorded in earlier periods, and its mortality advantage over countries with
similar levels of development, which greatly impressed the world in the 1970s and
1980s, has largely disappeared.

Poverty is an important reason for poor health, and this has been illustrated by
the research findings reported in the last section. Poor health, especially in a society
where an effective healthcare system does not exist, could also lead to poverty. This
is readily observable in China’s less developed areas and disadvantaged population
groups. According to a survey conducted in China’s poor rural areas and reported
by Rao and Liu (2004), high medical costs have already become a heavy financial
burden and a major cause of poverty in many families. The medical expenditures
in about 18 percent of the surveyed families were actually greater than their total
incomes. Nearly a quarter of the 11,353 surveyed households borrowed money, and
5.5 percent of them sold their properties or belongings to pay their medical bills.
According to the 1998 NHSS, after paying their medical expenses, the proportion
of poor people in rural areas increased from 7.2 to 10.5 percent (Rao and Liu 2004:

18 In another study, Rao and Liu reported that in China’s rural areas, 37 per cent of the patients
ought to, but did not, see doctors for treatment, and 65 per cent of the patients should, but did not,
have in-hospital treatments (Rao and Liu 2004: 47).
19 According to the NHSS, the MOH adjusted rate is 153.4 per 100,000 in the surveyed popula-
tion. According to a recent WHO health report, China’s TB prevalence rate was 250 per 100,000
in the year 2000, which is noticeably higher than the rate published by the Chinese government
(WHO 2004).
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51–52). Poverty thus exerts a further impact on the health of these impoverished
people, and a new cycle begins again.

Old people, especially those without a pension and healthcare coverage, are par-
ticularly vulnerable to the influence of both poor health and poverty. For example,
while it is less observable in cities, healthcare provided to old people is often less
adequate than that provided to the general population in rural areas. This is indicated
by the fact that in rural China, 45.8 percent of people of all ages who suffered from
various diseases during the two weeks before the 2003 NHSS did not visit doctors
for treatment, compared to 51.6 percent who did not do so among those aged 65 and
above. Similarly, among those who should have in-hospital treatment, 30.3 percent
did not have such treatment in the population of all ages, but 44.4 percent did not
have the required treatment among people aged 65 and over. Restricted medical care
of this kind greatly prevents older people from maintaining good health and could
reduce their life span considerably.

To stop the negative trends discussed above and to meet the challenges in im-
proving healthy longevity, there is a need to control the rapid increase in the price of
medical services. This is a relatively easy step in improving accessibility to medical
care. The government needs to invest more in public health, especially in providing
help to less developed areas and disadvantaged people. After a quarter of a century
of successful reform and economic growth, the government is now in a much better
position to provide such support than was the situation during the pre-reform period.
Moreover, further actions need to be taken to re-establish and consolidate a nation-
wide health insurance system. The current health care coverage simply cannot meet
people’s immediate and, especially, long-term health needs. China has made some
progress in recent years in developing a medical care system, but further effort is
crucial.

16.4.2 Understanding the Process of Increasing Longevity

The discussions presented in this chapter and elsewhere in this book also raise
another question which is of considerable importance for the study and our un-
derstanding of longevity. In comparison with countries such as the 12 developed
countries mentioned earlier, China’s censuses and some surveys often recorded a
relatively large number of very old people, especially centenarians. These centenar-
ians also tended to concentrate in some of the less developed areas. For example,
a large number of centenarians were recorded in Xinjiang and Guangxi. In these
two autonomous regions, many centenarians were reportedly living in the coun-
ties of Hotan and Bama, and both places have thus been regarded as the “home of
longevity” (Xing and Zhang 2005; People’s Daily 2003). However, both the Hotan
and Bama Counties were also defined by the Chinese government as poor counties
where per capita annual income was below 700 yuan in 1994. The two counties are
included in China’s least developed areas. According to unadjusted census data, life
expectancy at birth in 2000 was only about 65 for Hotan County and 70 for Bama
County, lower than the national average.
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The following example further illustrates this rather unusual situation. Sweden
and Japan are two very wealthy countries in the world where life expectancies at
birth have reached more than 80 years. In 1998 there were 15 and 17 centenarians
per 1,000 people aged 90 and above in the two countries respectively. In contrast,
the standards of living and healthcare availability levels were much lower in China’s
Guangxi Autonomous Region where life expectancy at birth was about 10 years
lower. Despite such huge gaps, however, there were 40 reported centenarians for
every 1,000 people aged 90 plus in Guangxi in 1990—a ratio that is far greater than
those recorded in Sweden and Japan.

Here we have a paradoxical situation. The brief review presented in the first sec-
tion of this chapter suggests that while it was possible in the past for a small num-
ber of people to survive to an advanced age or to even become centenarians when
mortality was relatively high, a large increase in the proportion of very old people,
centenarians in particular, is a relatively new phenomenon taking place largely in the
second half of the twentieth century. This was first observed in developed countries
where standards of living and levels of healthcare are both high, which are important
contributing factors for lowering mortality. The reduction of mortality across all age
groups is an important condition for the increase in the number of the oldest old. If
these suggestions are true, why have so many centenarians been reported in China
where levels of socio-economic development and health care are much lower and
where overall mortality is considerably higher than in most developed countries?
Why have many of China’s centenarians been reported in its less developed areas
where standards of living are still very low?

An important step in solving this puzzle is to find out whether there were really
as many centenarians as reported in places like Xinjiang and Guangxi. If they are
indeed “homes of longevity” and have considerably higher proportions of centenari-
ans, we not only need to find out the major factors or conditions that promote healthy
longevity, but also need to reassess existing theories of epidemiological transition
and increasing longevity such as those summarized earlier. It becomes important,
for example, to address these questions: (1) to what extent do lowering mortality in
the whole population and improving public health contribute to increasing healthy
longevity; and, (2) what are the reasons that make China’s old people (compared
with old people in other national populations) vulnerable to the risk of death when
they are relatively young but more invincible after age 95 or 100.

If however the relatively large number of centenarians is not genuine but a result
of misreporting, it is also important to assess the impact of such problems on our
understanding of the process of increasing longevity and on the conclusions drawn
from these data. Studies have already shown that a large number of centenarians
recorded in Xinjiang in 1982 was largely a result of age mis-reporting (Coale and
Li 1991). Whether problems of the same nature existed in Guangxi (which has also
claimed to be the “home of longevity”) or other places needs further investigation.
The outcome of such investigations will have important policy implications. If the
number of centenarians in places like Xinjiang and Guangxi is not as large as is
being reported, and if lowering the mortality of the entire population and improving
public health are still vital conditions for increasing levels of longevity of the oldest
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old, then the effort, especially that made by the government, perhaps should be
directed to the promotion of public health and equality in healthcare rather than
to the promotion of various “homes of longevity.” The objective of such efforts
is not finding a large number of centenarians, but rather finding ways to help the
majority of the population gain a longer and healthier life. This would be very
difficult to achieve if the problems addressed in this chapter could not be solved
effectively.

16.5 Conclusion

China made very impressive progress in reducing mortality in the last half century.
However, further improving healthy longevity in the population is a serious chal-
lenge. In addition to raising the standard of living, which China has done remarkably
well during its recent economic reforms, it is also essential that China improves its
healthcare system and reduces the inequality in the availability of, and accessibility
to, healthcare services. It is important to recognize the fact that compared with many
other countries in the world, China’s mortality level is still relatively high; there are
still many people who die of infectious diseases; regional variations in causes of
death and mortality patterns are still very pronounced; and the level of healthcare
and services is still low. Further efforts need to be made in these areas if China
wants to maintain its success in lowering mortality and to continue to improve
public health. In a population where a considerable number of people live under
the poverty line, the majority do not have any healthcare coverage and many people
can not obtain the requested medical treatments because of financial difficulties,
increasing healthy longevity will be difficult to achieve.
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Part IV
Subjective Wellbeing and Disability

Introduction by Denese Ashbaugh Vlosky

The CLHLS is an important dataset for examining the impact of various dimensions
of subjective well-being on a wide variety of outcomes. These impacts have not
been adequately investigated in previous studies because of data limitations. For
example, studies focused mainly on the young-old, were of limited sample size, and
were conducted primarily in Western countries with advanced medical treatments
and interventions, and where the population and therefore subjects had higher levels
of SES. The CLHLS rectifies this imbalance in data by offering us a dataset of
the oldest-old from a developing country in the East. The CLHLS also allows us
the opportunity to utilize data collected in a country that has very different cultural
norms that influence both the perceptions of quality of life, and the support and care
provided to their elderly population, also known to impact quality of life. In addition,
the very size of the CLHLS provides great opportunities to examine gender and co-
hort specific differences in the meaning of the constructs as well as in their impacts.
In all, the CLHLS allows previous studies to be extended and comparisons to be
made that can highlight potentially new and useful ways to enable the elderly to age
more successfully. These findings will surely have important policy implications for
planning purposes for countries worldwide. The chapters in Part IV are all excellent
examples of how the CLHLS has been utilized to extend and conduct research and
discover new knowledge in this important area of well-being.

Various dimensions of “subjective well-being” or quality of life were addressed
in the chapters contained in Part IV. Moran, Sihan and Chen in Chap. 18 and Yun
Zhou and Zhenzhen Zheng in Chap. 19 focus on the physical limitation (disability)
aspect of subjective well-being. Moran and colleagues compared ADL impairments
between the Chinese and American oldest-old, and how the impairments were mod-
erated through demographic characteristics, attitudes, behaviors and coping ability,
as well as through medical care and environmental factors. They found that Chinese
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elders showed significant, and in the case of transferring, dramatically lower odds
of functional impairment after adjusting for known confounders. Their important
findings pave the way for further studies into behavioral, environmental or lifestyle
factors that may moderate and reduce disability levels, and thereby improve quality
of life.

Yun Zhou and Zhenzhen Zheng, on the other hand, use the CLHLS to investigate
a relatively new research area in China, tooth loss and the denture wearing status of
the oldest-old and how these impact quality of life. The objective of their research
was to describe the dentate, edentulous and denture wearing status of the older
Chinese, to highlight the discrepancy between reality and the goal of the “WHO
80/20 plan,” (i.e., having 20 teeth at 80 years of age), and to add more knowledge
and information about oral hygiene among Chinese elderly. They found that older
elders, rural residents, those of lower SES, and females, all had fewer teeth, although
females lived longer. Unfortunately, tooth loss did not equate with denture wear, an
important finding with regard to the policy addressing the dentate health and quality
of life of the Chinese oldest-old.

Jiajian Chen and Zheng Wu in Chap. 24, and Quiang Li and Yuzhi Liu in
Chap. 23, look at gender differences in the relationship between Self Reported
Health (SRH) and mortality. Jiajian Chen and Zheng Wu investigate gender dif-
ferences in the SRH–mortality relationship and the factors that tend to mediate the
relationship among the oldest old in China. The authors ask if SRH is predictive of
oldest-old mortality in cohort groups with low SES, whether risk factors moderate
the association between SRH and mortality, and whether SRH is a valid evaluation
of health among the Chinese oldest old. They find that self-rated good health is con-
sistently related to longer life after controlling for the effects of socio-demographic
and physical health conditions among men and women. Education (as a measure of
SES) and psychosocial factors are found to be independently predictive of mortality
and appear to modify longevity. These findings suggest that self-rated health sta-
tus is an important health indicator and mortality predictor for the oldest-old men
and women in China, an important finding in a part of the world where low-cost
diagnostic tools are much valued.

Quiang Li and Yuzhi Liu also looked at gender differences in the SRH–mortality
relationship with the intent of teasing out the mechanisms that underlie it. They
utilized the 1998–2002 waves of the CLHLS, focusing on the 1998 wave, which
was comprised of a cohort with much lower levels of education and a much
higher likelihood of widowhood because these factors may have influenced self
assessments of health which in turn may have influenced mortality. The CLHLS’
large sample size also allowed the authors to investigate changes in SRH over-
time and the impact of SRH missing values on mortality. The results of their
Cox Hazard Model show that SRH was significantly associated with mortality in
the oldest-old even when confounding variables such as sociodemographic, health
and behavioral factors were controlled. The effects were stronger in men than
in women, and the modifying effects of some factors varied by gender. Missing
values predicted higher mortality but were explained by physical and cognitive
functioning.
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In a related piece, Jacqui Smith, Quiang Li and Denis Gerstorf, in Chap. 20, uti-
lize the large CLHLS database to investigate psychological resources for well-being
among three groups, octogenarians, nonagenarians and centenarians. The authors
compare those who survived an additional 2 years and those who did not. Although
previous studies had been done on contemporary generations of the young-old in
many countries, little was known about the constellations of various characteristics
promoting well-being in the oldest old (aged 80+), particularly those living in a
developing country. The authors found that despite constraints in objective life con-
ditions, long-lived individuals tend to show reasonably high levels of psychological
resources for well-being. Most of the variance was explained by selective mortality
and individual differences in life history and context. In fact age-cohort differences
were small. Surprisingly, the authors note that their findings were very similar to
studies in other countries. They state that “the CLHLS provides a wealth of opportu-
nities for future analyses to test hypotheses about determinants of longevity and life
quality in the oldest old and also to distinguish sources of heterogeneity in this pe-
riod of life (e.g., biological, social, age-related, and death-related). Such future work
will further our understanding of how individuals age differently at the end of life.”

Min Zhou and Zenchao Qian, in Chap. 22, use the first wave of the CLHLS to
break new ground examining social support and quality of life in an oldest old pop-
ulation in a developing country where declining fertility will mean fewer children
to care for and live with their parents. They utilize objective measures of social
support by examining living arrangements, children’s visits and perceived social
support; and they evaluate subjective measures through self reports of quality of
life. They found that all sources of social support were important to overall quality
of life. Elders living alone reported the lowest quality of life, and surprisingly those
living in nursing homes reported the highest qualify of life. The authors offer several
explanations for their unexpected findings, including the importance of possible peer
relationships. Probably most importantly, this study provides fodder for the further
examination of how living arrangements in conjunction with other factors impact
quality of life for the oldest-old in China.

Du Peng, in Chap. 17, uses the large CLHLS database to further the study of
“successful aging” in China as defined by predetermined criteria in biomedical,
physiological, psychological and social functioning. Former studies originated in
the developed world, beginning with the MacArthur Studies in the United States
and extending to the Australian Longitudinal Study of Ageing in Australia. Subse-
quent work included the Beijing Multidimensional Longitudinal Study of Ageing
(BMLSA) in Beijing, although the sample was geographically limited and homo-
geneous. With the CLHLS, the author was able to extend study results to a rep-
resentative sample of the oldest-old in China. He found that successful aging in
Australia and in the United States, for the entire age range of the elderly popula-
tion was associated with more years of education, and with more household assets
or monthly income (higher SES). In China successful aging was associated with
more years of education and with marital status. Those with positive attitudes on
life, who exercised more often and who had better physical performance were more
successful in their old age and had a higher survival rate.
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Finally, Deming Li, Tianyong Chen, and Zhenyun Wu in Chap. 21 utilize the
extensive data in the CLHLS to examine the subjective well-being of the Chinese
oldest-old. Prior studies were mainly conducted with the young-old, and they failed
to fully explore whether subjective well-being remains stable overtime at the oldest
ages. A few studies were conducted in western nations but were never extended to
the oldest old in developing countries. Li and colleagues found that life satisfaction
and affective experience were well above the neutral level among the oldest-old
in China, despite declines in physical and cognitive areas, and social losses. Self-
reported life satisfaction remained constant or slightly increased with age, while
scores of affective experience decreased with age. Subjective well being was influ-
enced by the expected demographic variables (sex, education and SES, for example)
and by social supports, including family, friends and surprisingly social workers.
These results may well become the basis of important policies in China that rein-
force the role and importance of social workers in the lives of those elderly who do
not have other sources of social support.



Chapter 17
Successful Ageing of the Oldest-Old in China

Peng Du

Abstract Earlier case studies in Australia, the United States and China show that
successful ageing is associated with more years of education, and more household
assets or monthly income. The influencing factors are not limited specifically to a
certain age group; they tend to be significant for the entire age range of the elderly
population. This chapter examines these findings in broader geographic settings and
advanced age groups. Using data from the Chinese Longitudinal Healthy Longevity
Study, we extend the analysis of successful ageing to the oldest-old in China. The
results confirm that successful ageing of the oldest-old in China is associated with
more years of education and marital status. The oldest-old with positive attitudes
on life, and who both exercise more often and have better physical performance
are more successful in their old age and have a higher survival rate. Analysis of
the substantial heterogeneity of the elderly may lead to both meaningful policies on
aging, and the promotion of a better quality of life.

Keywords Activities of daily living, Chinese oldest-old, Cognitive function,
Functional classification, Longitudinal study, Medical conditions, Minimal
functional limitations, Mortality, Normal ageing, Successful ageing

17.1 Introduction

Research on ageing has long emphasized average-related losses and has neglected the
substantial heterogeneity of older persons (Rowe and Kahn 1987). It has thus become
common in ageing research to group the elderly into the dichotomous categories of
impairedornormal;but thisclassificationconceals thevastheterogeneityoftheelderly
who are not impaired. Theoretically this dichotomous classification is not very helpful
for discussions of policies on ageing, because it limits our research about the most
psychologically and physically healthy group and their characteristics.
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In 1987, Rowe and Kahn suggested that within the category of normal ageing,
a distinction can be made between usual ageing and successful ageing (Rowe and
Kahn 1987). Since then many researchers have been focusing on what successful and
usual aging means. Several studies have sought to identify subgroups of old people
in the population who exhibit minimal functional limitations, using a variety of ap-
proaches (Berkman et al. 1993; Garfein and Herzog 1995; Guralnik and Kaplan 1989;
Harris et al. 1989; Jorm et al. 1998; Strawbridge et al. 1996; Suzman et al. 1992).

In these studies, successful ageing has often been defined as living in the commu-
nity, without restriction on activities of daily living, no serious difficulties on gross
mobility and physical performance, a high score on a cognitive screening test, and
excellent or good self-rated health. Usually, the older men and women were classi-
fied into three functioning groups: high, medium and impaired (or low) (Andrews
et al. 2002). In some studies they were directly labelled as successful, usual and
diseased. The criteria by which successful or usual ageing was distinguished were
often acknowledged as arbitrary.

One reason for differentiating among these three groups is to determine the range
of complex physical and cognitive abilities of older men and women functioning at
high, medium and impaired ranges, and to ascertain the psychosocial and physio-
logical conditions that discriminate among those in the high functioning group from
those functioning at middle or impaired ranges (Berkman et al. 1993).

There is some research on successful ageing based on longitudinal data in de-
veloped countries. Examples include the MacArthur study of ageing in the United
States, first reported by Berkman et al. (1993), and two Australian studies (Jorm
et al. 1998; Andrews et al. 2002). The MacArthur studies examined data from
participants 70–79 years old drawn from three community-based populations (East
Boston MA, New Haven CT, and Durham County NC) within the Established Popu-
lations for the Epidemiologic Studies of Elderly cohorts (EPESE; Cornoni-Huntley
et al. 1993). High, medium, and low functioning subgroups were defined on the
basis of predetermined criteria of physical and cognitive functioning; significant dif-
ferences were identified among these three subgroups in biomedical, physiological,
psychological and social functioning (Berkman et al. 1993). These findings have
been replicated and extended in a series of subsequent MacArthur studies (Cook
et al. 1995; Glass et al. 1995; Guralnik et al. 1994; Inouye et al. 1993; Seeman
et al. 1994, 1995, 1996, 1997, 1999; Wallsten et al. 1995). Major objectives of the
study by Andrews and his colleagues using data from the Australian Longitudinal
Study of Aging (ALSA) data were to examine the applicability of the MacArthur
model for an analysis of successful ageing in a setting removed both geographically
and culturally from the USA, to determine whether subgroups differed from each
other across a range of domains, and to signal key markers of successful ageing.
Their findings suggested that indeed people age with differing degrees of success
and those ageing most successfully are likely not only to live longer, but also to
experience a better quality of life (Andrews et al. 2002).

In 2003, Du and Andrews extended the application of the MacArthur Model to the
Beijing Multidimensional Longitudinal Study of Ageing (BMLSA). The BMLSA
used the same indicators as in ALSA; thus it was possible to examine cultural



17 Successful Ageing of the Oldest-Old in China 295

differences and socio-economic differences between China and Australia. The com-
parison among United States, Australia and China proved useful in the analysis of
successful ageing (Du and Andrews 2003). Thesimilarities and differences of the find-
ings between the developed and developing countries pointed to the need to undertake
further work along these lines, both to identify some of the more universal patterns
of ageing, and to assess variations that may arise from the complex complement of
culturally distinct circumstances and experiences (Andrews et al. 2002).

As the capital of China, Beijing is a well developed area. Thus, research results
from the BMLSA, although based on 3,000 Beijing elderly, may not have been rep-
resentative of the Chinese elderly as a whole. However, data from the Chinese Lon-
gitudinal Healthy Longevity Study (CLHLS) conducted in 1998 and 2000 covered
22 provinces and 10,000 elderly aged 80 and over. These data enable us to examine
previous findings from the Beijing study, and to extend an analysis of successful
ageing to a nationally representative sample of oldest-old in China. This is important
because according to the latest 1 percent National Survey data of 2005, China now
has more than 13 million oldest old aged 80 and over, and projections indicate that
there will be more than 100 million oldest old by 2050 (for more discussion, see also
the first chapter in this book by Poston and Zeng). The baby-boomers of the 1950s
and the 1960s will reach their advanced ages in the first half of the new century.
Research findings about the elderly population may well help the development of
policies to improve their active quality of life.

17.2 Design and Methods

17.2.1 Participant and Procedure

The data of the Chinese oldest old aged 80 and over to be used here are based on
the Chinese Longitudinal Healthy Longevity survey, which was implemented by the
Center for Healthy Ageing and Family Studies at Peking University (CHAFS) and the
China Research Center on Ageing (CRCA) (Zeng et al. 2004). We used the data from
thebaselinesurvey in 1998 and thefirst follow-upin 2000 which covered 22provinces.
Data were collected through home interviews as well as physical examinations. In
1998, 8,805 persons aged 80–105 were interviewed. For the purposes of this study, we
onlychooserespondentsforwhomnecessary informationwasavailableforananalysis
of successful ageing. This means that the oldest old had to live in the community,
answer thequestionson thecognitiveandself-rated health instruments, andparticipate
in a physical test. This reduced the available cohort size for the study to 7,737.

17.2.2 Measurements and Functional Classification

Self-reports of health were rated from excellent (1) to poor (5). Medical condi-
tions were obtained by asking participants to indicate from a comprehensive list
of conditions those they had ever experienced. Cognitive functioning was assessed
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using the Mini Mental State Examination-Modified Chinese version (MMSE-MC)
(Meng and Meng 1991) with scores ranging from 0 to 23. The activities of daily
living (ADL) include six categories, namely, bathing, dressing, toileting, transfer-
ring, feeding and continence. Questions on physical exercise dealt with whether the
respondent had no exercise or often exercised.

Participants were classified as higher, intermediate or lower functioning. Cogni-
tive functioning was divided into three groups according to the cognitive score of the
respondent. If the elderly answered all questions correctly or gave a wrong answer
to only one question, they were classified into the higher functioning group. If there
was at least one question that the elderly could not answer or they gave incorrect
answers to five or more questions, they were classified into the lower functioning
group. The rest were placed in the intermediate group.

Individuals were classified as higher functioning (N = 1, 161 or 15.0 percent of
the total) if they fulfilled all of the following five criteria: 1. grouped as successful
according to their Mini-Mental State Examination (MMSE-MC) score; 2. had good
or very good self-rated health; 3. had no disability in the six activities of daily living;
4. could stand up from a chair; and 5. were able to pick up a book from the floor.

Individuals were classified as lower functioning (N = 3, 222, or 41.6 percent)
if they fulfilled any of the following four criteria: 1. there was at least one question
that they could not answer, or they gave wrong answers to five or more questions;
2. they had poor or very poor self-rated health; 3. they had one or more disabilities
among the activities of daily living; and 4. they had 1one or more disabilities in
physical performance. The remaining individuals were classified as intermediate in
functioning (N = 3, 354 or 43.4 percent).

17.2.3 Analytic Approach

We evaluated the relative importance of a large number of potential risk or protective
factors for successful ageing, using a two-stage process. First, descriptive analyses
were undertaken regarding the relationship between each predictor and the functional
classification of successful ageing. Second, a logistic regression model was used that
controlled for the effects of age, sex, education, urban/rural residence and marital
status (see Table 17.1 for categories, reference category, and descriptive statistics).
Groups of conceptually related predictors were entered as a block to correct for their
mutual associations. In all analyses assessing factors associated with successful age-
ing, the higher functioning group was designated as the reference group.

17.3 Results

17.3.1 Control Variables

As seen in Table 17.1, the results of the descriptive analyses show that each of the
control variables distinguished among members of the three functional categories.
Successful ageing was associated with lower age, male, more years of education,
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Table 17.1 Control variables by level of function

Variable High Intermediate Low x2 d f

No. Percent No. Percent No. Percent

Age group
80–84 504 43.4 768 22.9 486 15.1 711.747∗∗∗ 8
85–89 291 25.1 672 20.0 488 15.1
90–94 208 17.9 688 20.5 576 17.9
95–99 99 8.5 513 15.3 613 19.0
100+ 59 5.1 713 21.3 1059 32.9

Gender
Male 725 62.4 1465 43.7 1023 31.8 342.458∗∗∗ 2
Female 436 37.6 1889 56.3 2199 68.2

Education
0 year 513 44.3 2152 64.4 2428 75.7 384.223∗∗∗ 4
1–6 years 460 39.8 871 26.1 587 18.3
7+ years 184 15.9 320 9.6 192 6.0

Residence
Urban 508 43.8 1239 36.9 1034 32.1 52.981∗∗∗ 2
Rural 653 56.2 2115 63.1 2188 67.9

Marriage
Married 365 31.4 613 18.3 398 12.4 218.578∗∗∗ 4
Widowed 759 65.4 2657 79.2 2739 85.0
Other 37 3.2 84 2.5 85 2.6

∗∗∗ p < 0.001

living in an urban area and being married. These findings are consistent with previ-
ous findings in the Beijing case study regarding the elderly aged 60 and over.

17.3.2 Health and Medical Conditions

Thirteen medical conditions were of sufficient prevalence to permit meaningful sta-
tistical analyses. The results of the descriptive analysis shown in Table 17.2 indicate
that all of these conditions discriminated among the three functional categories. In
nine of the thirteen conditions, the presence of a medical condition was associated
with a poorer functional classification.

These associations were explored in more detail in the logistic regression (see
Table 17.3) in which the morbid conditions were entered as a block and adjusted
for with the control variables. Only heart disease, bronchitis, cataract and glau-
coma emerged as significant risk factors for being in the intermediate functioning
group relative to the higher functioning group. That finding is slightly different
from the significant risk factors in the same comparison in the Beijing study of
the elderly aged 60 and over, in which only hypertension and coronary heart disease
were significant factors. For the Chinese oldest-old, heart disease, stroke, bronchi-
tis, cataract and glaucoma were all associated with an increased risk of being in
the lower functioning group relative to the higher functioning group; the risk was
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Table 17.2 Medical conditions by level of function

Variable High Intermediate Low χ2

No. Percent No. Percent No. Percent

Hypertension 169 14.6 485 14.5 383 11.9 29.65∗∗∗

Diabetes 8 0.7 32 1.0 22 0.7 30.75∗∗∗

Heart disease 60 5.2 246 7.3 279 8.7 36.33∗∗∗

Stroke or CVD 19 1.6 75 2.2 129 4.0 48.10∗∗∗

Bronchitis 108 9.3 427 12.7 432 13.4 33.23∗∗∗
Tuberculosis 6 0.5 31 0.9 30 0.9 25.81∗∗∗
Cataract 133 11.5 595 17.7 697 21.6 81.92∗∗∗
Glaucoma 9 0.8 72 2.1 98 3.0 48.87∗∗∗
Cancer 5 0.4 10 0.3 22 0.7 27.77∗∗∗
Prostate tumour 52 4.5 131 3.9 113 3.5 36.20∗∗∗
Gastric or duodenal ulcer 30 2.6 118 3.5 107 3.3 27.88∗∗∗
Parkinson’s disease 6 0.5 26 0.8 44 1.4 35.08∗∗∗
Bedsore 2 0.2 20 0.6 35 1.1 38.88∗∗∗
∗∗∗ p < 0.001

particularly high for stroke; and heart disease, cataract and glaucoma at least dou-
bled the risk.

17.3.3 Activity, Physical Performance and Health Indicators

Our analyses also showed that a range of activities, physical performance and health
indicators discriminated among the three functional categories (see Table 17.4).

Table 17.3 Logistic regression summary: level of function by medical conditions entered as a
block

High vs intermediate High vs low

AORa 95%CIb AOR 95%CI

Hypertension 1.08 0.88–1.32 0.75∗ 0.60–0.94
Diabetes 1.61 0.71–3.65 1.31 0.53–3.25
Heart disease 1.56∗∗ 1.14–2.14 2.47∗∗∗ 1.76–3.47
Stroke or CVD 1.67 0.98–2.85 4.05∗∗∗ 2.37–6.92
Bronchitis 1.54∗∗∗ 1.22–1.95 1.82∗∗∗ 1.41–2.34
Tuberculosis 1.66 0.64–4.30 1.64 0.59–4.53
Cataract 1.47∗∗∗ 1.18–1.83 1.57∗∗∗ 1.25–1.98
Glaucoma 2.54∗ 1.23–5.28 3.67∗∗∗ 1.72–7.82
Cancer 0.65 0.20–2.14 1.31 0.40–4.25
Prostate tumour 1.08 0.75–1.56 1.18 0.78–1.77
Gastric or duodenal ulcer 1.44 0.93–2.21 1.23 0.77–1.97
Parkinson’s disease 1.28 0.50–3.33 2.36 0.90–6.20
Bedsore 2.61 0.58–11.74 3.74 0.83–16.74
aAdjusted odds ratio, where odds ratio are adjusted for age, gender, education, place of residence
and marital status
b95% confidence interval
∗ p < 0.05 ∗∗ p < 0.01 ∗∗∗ p < 0.001
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Table 17.4 Activity, physical performance, health and psychological indicators by level of
function
Variable High Intermediate Low

Percent n Percent n Percent n

Intensity of exercise
Often 48.1 559 31.3 1,051 17.6 567
No 51.9 602 68.7 2,303 82.4 2,655

Self-rated health
Excellent/good 100.0 1,161 54.7 1,833 44.3 1,428
Fair/poor 0.0 0 45.3 1,521 55.7 1,794

Able to pick up a book from the floor?
Yes 100.0 1,161 71.0 2,383 47.0 1,514
No 0.0 0 29.0 971 53.0 1,708

Able to stand up from a chair?
Yes 100.0 1,161 74.4 2,494 51.6 1,661
No 0.0 0 25.6 860 48.4 1,561

Look on the bright side of things
Always/often 100.0 1,161 100.0 3,354 83.4 2,687
Sometimes/never 0.0 0.0 16.6 535

Keep my belongings neat and clean
Always/often 92.0 1,068 83.2 2,792 74.9 2,413
Sometimes/never 8.0 93 16.8 562 25.1 809

Feel fearful or anxious
Always/often 9.5 110 11.2 376 13.6 437
Sometimes/never 90.5 1,051 88.8 2,978 86.4 2,785

Feel lonely and isolated
Always/often 9.3 108 13.2 444 18.5 595
Sometimes/never 90.7 1,053 86.8 2,910 81.5 2,627

Make own decision
Always/often 71.5 830 59.4 1,993 49.3 1,590
Sometimes/never 28.5 331 40.6 1,361 50.7 1,632

Feel useless with age
Always/often 24.1 280 35.0 1,173 44.2 1,424
Sometimes/never 75.9 881 65.0 2,181 55.8 1,798

Be happy as younger
Always/often 65.3 758 48.3 1,620 39.4 1,270
Sometimes/never 34.7 403 51.7 1,734 60.6 1,952

∗∗∗ p < 0.001

Lower levels of activity, physical performance and health were consistently asso-
ciated with a poorer functional classification. The oldest-old who fell into the lower
functioning group were usually those who reported their self-rated health as poor,
did not exercise often, whose physical performance proved to be more difficult,
and whose attitude about life tended to be negative. The higher functioning group
reported higher morale and took a more active attitude toward life.
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Table 17.5 Survival rate of the oldest-old by level of function

High Intermediate Low

Percent n Percent n Percent n

Lost to follow-up 11.4 133 9.1 306 9.4 303
Still alive at 2000 survey 72.4 840 57.4 1,925 46.5 1,498
Died before 2000 survey 16.2 188 33.5 1,123 44.1 1,421

Total 100 1,161 100 3,354 100 3,222

17.3.4 Mortality

Out of 7,737 oldest-old persons in the 2000 follow-up survey, 6,995 cases were
located; another 742 cases were missing because they had moved away from the
area, were away from home during the time of the field work, or refused to par-
ticipate. There were a total of 2,732 deaths (39.1 percent) among the traced 6,995
cases. There were 188 deaths (16.2 percent) in the higher functioning group, 1,123
(33.5 percent) in the intermediate functioning group, and 1,421 (44.1 percent) in
the lower functioning group. Death was strongly related to functional classification
(χ2 = 308.21, p < 0.001) (Table 17.5).

17.4 Discussion

Research findings on successful ageing are usually based on the data from developed
countries. Even the previous study in China was limited to the city of Beijing. The
research reported in this chapter used data from the CLHLS and is thus based on a
more representative sample of the Chinese oldest-old.

Our findings confirm that place of residence, education and marital status are the
factors associated with the successful ageing of the oldest-old. Successful ageing is
associated with more years of education and being married.

In the MacArthur studies (with subjects aged 70–79), the ALSA study (which
further extended the age range to 70 and over), and in the present China study (with
the age range further extended to 80 and over), the results indicate that general
influencing factors on successful ageing are not limited to a certain age group, but
are significant for the whole age range of the elderly population.

The interconnection among physical, psychological and social functioning with
ageing is evident. As with the American and Australian research findings, the Chi-
nese elderly studied here could be distinguished from each other on additional mea-
sures of physical functioning, health and psychological status; and key indicators
remained after controlling for the effects of age, gender, and education.

In the ALSA study, the mortality data showed that death in the intervening years
was more likely in those originally classified as ageing less successfully. The authors
suggested that indeed people age with differing degrees of success, and those ageing
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most successfully are likely not only to live longer, but to experience a better quality
of life (Andrews et al. 2002). The Chinese study confirms their findings.

On the other hand, many differences remain, and these may be due to economic
and cultural differences. These remind us to pay attention to possibly revising ques-
tions when they are used in different cultural backgrounds.

First, due to differences in epidemiology which are influenced by socioeconomic
development and medical conditions, risk factors for successful ageing are different
in China compared to the United States and Australia. In the ALSA study, lower
functioning is especially found following the major disabling effects of stroke and a
fractured hip, while arthritis, a slipped disc and asthma at least doubled the risk. In the
present China study the highest risk was for heart disease, stroke, bronchitis, cataract
and glaucoma, with heart disease, cataract and glaucoma at least doubling the risk.
Some of these conditions have a very low prevalence in developed countries.

Secondly, notice should be taken regarding the differences in the classification
of some indicators since these may well impact our projection of future trends. For
example, in the MacArthur and ALSA studies, the educational level of the elderly
is classified into two groups: left school younger than age 15, and left school at the
age of 15 years or more. However, the Chinese oldest-old have very high illiteracy.
Amongst those aged 80 and over in the Chinese Healthy Longevity Study, more
than 66 percent of them never attended school; the same situation is found in most
developing countries. Therefore, we used years attending school as the measure. The
study by Jorm and colleagues found that better educated cohorts perform better on
cognitive tests (Jorm et al. 1998). With the education systems in developing coun-
tries such as China experiencing significant improvement since the 1950s, positive
effects on the prevalence of successful ageing may be expected when these better
educated cohorts become old.

In conclusion, our research results on successful ageing using data from the
China Longitudinal Healthy Longevity Study may be compared with results from
studies conducted in the United States, Australia and Beijing. Analysis of the sub-
stantial heterogeneity of the elderly can lead to very meaningful policies on ageing,
which will hopefully promote a better quality of life. The similarities and differ-
ences of findings between studies in developed and developing countries point to
the need to undertake further work along these lines to identify not only some of the
more universal patterns of ageing well, but also variations that may arise from the
complex mix of culturally distinct circumstances and experiences. It is hoped that
policy suggestions could then be formed to promote world-wide successful ageing.
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Chapter 18
Impairments and Disability in the Chinese
and American Oldest-Old Population

William P. Moran, Sihan Lv and G. John Chen

Abstract This study used data from the 1998 Chinese Longitudinal Healthy
Longevity Survey (CLHLS) and the 1998 Medicare Current Beneficiary Survey
(MCBS) to compare impairment and disability in the Chinese and American
Oldest-Old Populations. The standard measures of activities of daily living (ADL)
were utilized for assessing functional impairment in the study subjects. Descrip-
tive and multivariate regression analyses were undertaken to examine differences
in functional impairments between Chinese and US oldest-old populations. It was
found that the oldest old Chinese were less likely to have difficulties in bathing
(OR = 0.748), dressing (OR = 0.555), toileting (OR = 0.838), and transferring
(OR = 0.319) compared to the oldest old Americans ( p < 0.01), after adjusting
for age, gender and self-perceived health status. The oldest-old Chinese were more
likely to have difficulty in feeding (OR = 1.12) than their counterparts but this find-
ing was not statistically significant (p > 0.05).

Keywords Activities of daily living, Age difference, American oldest-old, Center
for Medicare and Medicaid Services, Chinese oldest-old, Comparison, Disability,
Gender difference, Impairment, Multivariate analysis, Self-perceived health status,
Univariate analysis

18.1 Introduction: Disability and Ageing

As the population ages, many elders develop a functional impairment or disability,
defined as an inability to perform activities of daily living without assistance. With
an ever growing elderly population, functional impairment is becoming a significant
public health concern. The rate of impairment and disability rises steeply with age
and is especially high for persons aged 80 and over, one of the most rapidly growing
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age groups in developed countries. Disability at older ages is frequently the result of
chronic health conditions such as diabetes, cardiovascular disease, stroke, or move-
ment disorders (Fried and Guralnik 1997).

A conceptual model for the relationship among disease, functional impairment
and disability and the Disablement Process has been proposed by Verbrugge and
Jette (1994), and is illustrated in Fig. 18.1. The model posits that disease or pathology
causes impairment, leading to functional impairment. Disability results when the im-
pairment exceeds the ability of the elder to function independently in that task. The
model illustrates important mediators and moderators of the disablement process;
these include individual factors such as demographics and genetics, attitude, behavior
and coping ability, as well as medical care and environmental factors. The model
implies that reducing the population prevalence or impact of chronic illness by behav-
ioral or environmental interventions may result in reductions in disability. In fact data
from the National Longitudinal Survey suggest that age-adjusted disability rates for
elders in the United States are falling, suggesting that disability rates in the U.S. have
been influenced by various factors (Manton et al. 1997; Singer and Manton 1998), and
there is evidence that chronic disability is overestimated (Gill and Gahbauer 2005).

One standard measure for functional impairment in the elderly population is
activities of daily living (ADL) and instrumental activities of daily living (IADL)
(Katz et al. 1970). IADLs assess performance of instrumental activities such as the
ability of the elder to use the telephone, go shopping, prepare meals, walk long
distances, and manage finances. ADLs assess more basic tasks of everyday life such
as the ability to independently eat, bathe, dress, toilet, and transfer from bed to
chair. ADL impairments reflect more severe physical or cognitive impairments and
are a threat to the elders’ ability to live independently. ADL impairments require the
elder to employ a compensatory strategy such as assistive devices (e.g., a walker),
environmental modifications (e.g., adjustments made in the bathroom) or personal
assistance (e.g., family member or paid worker) to maintain maximal functioning.
Importantly, ADL impairment is also a marker for increased risk of utilization of
acute services such as emergency department services and hospitalization. Thus
the rate and degree of functional impairment in aging populations carry significant
implications for policy planning and cost estimation for services to support elders
(Fried and Guralnik 1997).

The purpose of the research we report in this chapter was to compare ADL im-
pairments between the Chinese and American oldest-old population. To our knowl-
edge, data directly comparing these populations are not available. We chose two
data sets for which sufficient sample size and individual variables were available to
make meaningful comparisons.

18.2 Data and Methods

This study used data from the 1998 Chinese Longitudinal Healthy Longevity Survey
(CLHLS) and the US 1998 Medicare Current Beneficiary Survey (MCBS). The data
provide point-in-time estimates of the outcomes of interest.
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Fig. 18.1 The disablement process.Verbrugge and Jette (1994)

The CLHLS was designed to examine the determinants of healthy longevity in
the Chinese elderly population; it is an observation cohort study started in 1998.
The survey was conducted in randomly selected counties and cities of 22 provinces
in China. An interview and a basic health examination were conducted at the inter-
viewee’s home. Data were collected on family structure, living arrangements and
proximity to children, self-rated health, self-evaluation on life satisfaction, chronic
diseases, use of medical care, social activities, diet, smoking and alcohol drinking,
psychological characteristics, economic resources, caregivers and family support,
nutrition and other health-related conditions in early life (childhood, adulthood, and
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around age 60), activities of daily living (ADL),1 physical performance capacity,
and cognitive functioning. The questionnaire design was based on international stan-
dards and was adapted to the Chinese cultural/social context and carefully tested by
pilot studies/interviews (CLHLS 2006).

MCBS is a continuous, multi-purpose survey of a representative sample of the US
Medicare population, conducted by the Center for Medicare and Medicaid Services
(CMS). The data collected include the study subjects’ demographics, self-reported
health, medical conditions, ADL and IADL, use and cost of medical care; these indi-
vidual survey data were cross-linked with their medical claims (Adler 1994).

Study subjects aged 80 or over in the CLHLS and the MCBS were included in
our study. Measures of ADL impairments were elders’ self-reports of any individual
difficulty in eating, bathing, dressing, toileting, and transferring (yes/no), as well as
the level of ADL impairments measured by the number ofADL difficulties (none,1–2,
or ≥3). Descriptive and multivariate regression analyses were undertaken to examine
differences in ADL impairments between Chinese and the US oldest-old populations.

18.3 Results

18.3.1 Self-perceived Health Status and ADL by Age Group

Across all age groups, the oldest-old Americans consistently reported having “Good”
self-perceived health status relative to their Chinese counterparts, as seen in
Table 18.1. However, we found that relatively higher proportions of the oldest-
old Chinese in all age groups were reported as having no difficulties in ADL im-
pairments, as measured by the level of difficulty. For example, 86.17 percent of
the Chinese had “none” or no ADL difficulties compared to 74.28 percent of the
Americans. The oldest-old Americans showed higher proportions of difficulties in
bathing, dressing, and transferring than the Chinese in all the age groups. There
were higher proportions of Chinese in the 90+ age group who had difficulties in
toileting and feeding than Americans in the same age group.

18.3.2 Self-perceived Health Status and ADL by Age
Group and Gender

Across all the age groups, oldest-old American men consistently reported having
“Good” self-perceived health status relative to their Chinese counterparts, as seen

1 Instrumental Activities of Daily Living (IADL) questions were not included in the 1998 baseline
and 2000 follow-up CLHLS surveys because the 1998 and 2000 waves interviewed the oldest-old
only and the Chinese oldest-old are generally limited in IADL. The IADL questions were added
in the 2002 and 2005 CLHLS surveys when the CLHLS study was expanded to cover both the
oldest-old and the younger elderly aged 65-79 (for more discussion, see Chapter 2 in this Volume).
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Table 18.1 Self-reported health status and ADL between Chinese and American oldest old

China USA

80–85 86–90 90+ 80–85 86–90 90+
n = 2271 n = 1629 n = 5059 n = 2139 n = 867 n = 386
(%) (%) (%) (%) (%) (%)

Health Status
Good 60.48 57.62 55.12 70.83 72.22 72.21
Fair 31.42 33.06 35.50 20.65 18.52 20.26
Poor 8.10 9.32 9.39 8.52 9.26 7.53

Number of
difficulties
in ADL

None 86.17 77.14 50.49 74.28 65.63 45.08
1–2 9.64 14.69 23.22 16.93 20.30 28.24
≥3 4.18 8.17 26.29 8.79 14.07 26.68

Any difficulty
with (yes)

Bath 12.17 20.48 44.39 18.38 25.37 42.75
Dress 4.89 8.73 26.63 9.73 17.07 29.79
Toilet 5.37 9.96 28.88 8.47 12.57 24.09
Transfer 4.33 7.89 25.03 15.76 22.26 38.86
Feed 2.64 5.53 18.35 3.60 5.42 11.92

in Table 18.2. A similar pattern may be observed for women (Table 18.3). In terms
of having difficulties in ADLs, however, higher proportions of Chinese men and
women relative to American men and women had no difficulties (Tables 18.2 and
18.3). Lower proportions of Chinese men were consistently seen as having difficul-
ties in bathing, dressing, toileting, and transferring than American men in all the
age groups. The Chinese men in the 90+ age group showed a higher proportion
having difficulty in feeding compared to American men (12.34 vs. 10.58 percent).
In the 80–85 and 86–90 age groups, it seems that Chinese women were doing
much better than American women in bathing, dressing, toileting, and transferring
(Table 18.3), except that in the 86–90 age group, there were more Chinese women
having difficulty in feeding (6.94 vs. 4.46 percent) than American women. However,
the Chinese women in the 90+ age group had higher proportions having difficulties
in bathing (49.32 vs. 47.16 percent), toileting (33.30 vs. 28.01 percent), and feeding
(21.14 vs. 12.41 percent) than their US counterparts.

18.4 Multivariate Regression Analysis

To control for the potential confounding effects of age, gender, and health status,
multivariate logistic regression analysis was undertaken. As shown in Table 18.4,
the oldest old Chinese were less likely to have difficulties in bathing (OR = 0.748),
dressing (OR = 0.555), toileting (OR = 0.838), and transferring (OR = 0.319) com-
pared to the oldest old Americans (p < 0.01), after adjusting for age, gender
and self-perceived health status. The oldest-old Chinese were more likely to have
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Table 18.2 Male: self-reported health status and ADL between Chinese and American oldest old

China USA

80–85 86–90 90+ 80–85 (86–90) 90(+)
n = 1153 n = 808 n = 1606 n = 809 n = 307 n = 104
(%) (%) (%) (%) (%) (%)

Health status
Good 62.00 59.75 60.83 70.92 67.10 73.79
Fair 30.47 31.90 32.49 20.42 21.82 16.50
Poor 7.53 8.35 6.68 8.66 11.07 9.71

Number of
difficulties
in ADL

None 87.68 82.01 61.39 78.12 68.08 55.77
1–2 8.15 11.79 20.73 13.84 17.59 26.92
≥3 4.16 6.20 17.87 8.03 14.33 17.31

Any difficulty
with (yes)

Bath 10.77 16.13 33.79 14.22 22.48 30.77
Dress 4.86 7.07 19.80 9.27 18.89 21.15
Toilet 5.12 7.44 19.38 6.92 12.05 13.46
Transfer 4.26 5.84 16.47 14.38 21.82 32.69
Feed 2.35 4.09 12.34 3.58 7.17 10.58

Table 18.3 Female: self-reported health status and ADL between Chinese and American oldest old

China USA

80–85 86–90 90+ 80–85 86–90 90+
n = 1118 n=821 n = 3453 n = 1330 n = 530 n = 282
(%) (%) (%) (%) (%) (%)

Health status
Good 58.91 55.51 52.27 70.78 75.04 71.63
Fair 32.40 34.21 37.00 20.78 16.70 21.63
Poor 8.69 10.28 10.73 8.43 8.26 6.74

Number of
difficulties
in ADL

None 84.62 72.35 45.42 71.93 64.29 41.13
1–2 11.18 17.54 24.38 18.81 21.79 28.72
≥3 4.20 10.11 30.20 9.26 13.93 30.14

Any difficulty
with (yes)

Bath 13.61 24.76 49.32 20.92 26.96 47.16
Dress 4.92 10.35 29.42 10.01 16.07 32.98
Toilet 5.64 12.42 33.30 9.41 12.86 28.01
Transfer 4.39 9.91 29.02 16.33 22.50 41.13
Feed 2.95 6.94 21.14 3.61 4.46 12.41
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difficulty in feeding (OR = 1.12) than their counterparts, but this finding was not
statistically significant (p > 0.05).

18.5 Discussion

This is the first comparative analysis of functional status of which we are aware
among the oldest old individuals in China and the US Demographic data for the
populations of both countries show rapidly expanding elder populations; unfortu-
nately, the rates of functional impairment and disability parallel this increase. The
sampling frame of the Chinese Longitudinal Healthy Longevity Survey reflects a
focus on the oldest members of a family, compared to the random sampling method-
ology of the MCBS, which is reflected in the large differences in percentages of
age categories. As a result, the Chinese sample is skewed toward older individuals;
thus the univariate comparisons must be interpreted with caution. Nonetheless, both
populations analyzed show the well-accepted increase in disability with advancing
age. Furthermore, the higher rate of disability in females is consistent with prior
studies in the US (Arbeev et al. 2004). Reflecting the age skew, the Chinese elders
reported overall lower global health status and more disability reflected by relatively
larger proportions of elders with three or more ADL impairments. Chinese elders
also report higher rates of individual impairments with the exception of transferring,
where US elders report more impairments.

The stratified analyses are very informative. Despite a higher proportion of Chi-
nese elders reporting fair or poor health, Chinese elders report the same or fewer
aggregate ADL impairments compared to US elders, with the exception of toileting
and eating, where 90+ year old Chinese elders report higher rates of impairments.
We can only speculate that impairments in these areas reported by Chinese elders
reflect environmental differences in bathroom and toilet design (e.g. floor level toi-
lets), or eating utensils (e.g. chopsticks). The higher level of transfer impairments
in the US population is striking, perhaps reflecting characteristics prevalent in US
populations associated with functional impairments such as higher weight, lower
levels of precedent physical activity, or higher rates of chronic disease-associated
impairments such as arthritis (Nagamastu et al. 2003; Houston et al. 2005; Dunlop
et al. 2005). Although there are higher overall rates of impairments among the fe-
male elders in both populations, the age-gender stratified analysis demonstrates the
persistence of differences in impairments between the Chinese and US populations.

In the multivariate analysis adjusting for age, self-reported health status and gen-
der, Chinese elders consistently show lower rates of individual functional impair-
ments. The exception is eating, where the difference noted in the stratified analysis
is no longer significant. All covariates such as older age, female gender and fair or
poor self reported health status show the expected statistically significant association
with greater impairments. Thus, if we assume we have overcome the differences in
sampling frames, Chinese elders show significant, and in the case of transferring,
dramatically lower odds of functional impairments after adjusting for the known
confounders.
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The relationship between lifestyle, behaviors, sensory impairment, and acute and
chronic diseases could not be explored in this study. Manton and his colleagues
(1997) have suggested that US elders may experience lower than expected rates of
disability due to changes in many of these factors. Detailed additional risk factor
data, including IADL, falls, mobility measures and affective disorders, could help
policy makers in understanding the prevalence of such factors for functional impair-
ments and the potential impact of risk factor reduction interventions (Jette 1997;
Chu et al. 2005) and implementing intervention programs. Given the magnitude of
the aging population of China and the large and predictable direct and indirect costs
of disability in the elderly, longitudinal data now being collected in the CLHLS
could inform policy on prevention of disability, as has been the case recently in
Europe (van Gool et al. 2005).

Clearly the results of this exploratory study must be interpreted with caution.
Alternative US data sets could be used for future comparisons with Chinese elders.
This analysis is based on cross-sectional data, which limits inference. For example,
one could hypothesize that behaviors of Chinese elders such as exercise, diet, and
weight control are associated with lower impairment rates which could lead to the
observed differences, as has been seen in other populations (Ohmori et al. 2005).
Alternatively, one could explain such differences by prolonged survival of chroni-
cally ill elders in the US population such that higher rates of functional impairments
reflect the survival advantage conveyed by an aggressive US medical care system.
Nonetheless, the differences bear closer study in the future, and the continued lon-
gitudinal study of Chinese elders in the CLHLS will be very informative.
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Chapter 19
Tooth Loss Among the Elderly in China

Yun Zhou and Zhenzhen Zheng

Abstract Tooth loss among the elderly is an important research and policy issue.
The study we report in this chapter analyzed the edentulous and denture wearing
status of 15,766 Chinese elderly (65–100+), using data from the 2002 CLHLS sur-
vey. Our results showed that age played an important role in tooth loss and denture
wear. The older the elder, the fewer the teeth. There were gender and residence
differences among those with tooth loss and those who were denture wearers. Males
had more teeth than females, while life expectancy of females was longer than that
of males. Rural elders in general lost more teeth than their counterparts in urban
settings. Denture wear among the population was disproportionate to the level of
edentulousness. Socio-economic factors also affected the patterns of dentate status
of the elderly.

Keywords Age pattern, The Chinese elderly, Dental care, Dentate status, Denture,
Edentulism, Gender difference, Natural teeth, Oral disease, Oral hygiene, Residence
difference, Second National Epidemiological Survey on Oral Health, Survival curve,
Tooth loss

19.1 Introduction

Only recently have dental care and oral health, especially among the Chinese el-
derly, attracted the attention of the public and researchers in China and through-
out the world. For example, in the Journal of Dental Research, only 18 articles
on oral health issues in China were published between 1919 and 2006. The earli-
est research on the Chinese population was published in 1932 by Anderson. But
most of the articles were published in a special section of the journal in 2001,
followed by a large-scale oral epidemiological study in Southern China, includ-
ing elderly who were up to 74 years old. There are reasons for limited dental
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research on the elderly in China. First, rapid demographic changes in China in
recent decades have resulted in a growing number of elderly; thus there have been
increased concerns regarding their health and quality of life. Second, limited re-
search resources have been committed to oral health studies in China; this has
led to less information available about the oral health status of the elderly.1 A
review article by Lin and Schwarz (2001: 324), based on information obtained
via searches of Medline and other Chinese medical and technical materials, con-
cluded that “surveys focusing on tooth loss and prosthetic status were uncom-
mon and mainly conducted in urban areas.. . . ” And third, only until a society
reaches certain levels of social and economic development will it have the en-
ergy and resources to pay more attention to factors that less immediately affect an
individual’s life.

Dental problems do not usually threaten an individual’s life directly. For many
Chinese, a quick solution to a prolonged and uncontrollable toothache is the extrac-
tion of the troubled tooth; loss of one or even a few teeth is not considered a problem.
However, tooth loss will not only affect the appearance of an individual, it will also
affect the kinds and varieties of foods an individual may eat, thus affecting the bal-
ance of his/her in-take nutrition. For example, in 1991, Gershen reported that partial
or complete loss of teeth can result in impairment of the masticatory function, and
thus the ability to consume a well-balanced nutritional diet. Joshipura et al. (1996)
considered that a reduction in number of teeth may cause deficiencies of various
micronutrients which in turn will compromise the persons’ immune status. Other
scholars found that poorer dentition status, especially edentulousness without den-
tures, may be related to deterioration in the systemic health of the elderly (Shimazaki
et al. 2001). Takata et al. (2004) concluded in their study that there was no significant
relationship between the number of intact teeth and activities of daily living (ADL)
status in a sample of 823 elderly 80+ years olds; it might be that chewing ability
rather than number of intact teeth affected the ADL status of the elderly. In their
study of Japanese elderly, Nasu and Saito (2006) concluded that maintenance or
recovery of sufficient chewing ability was related to a longer total life expectancy
and was even more related to a longer active life expectancy. Although research has
been conducted on dental factors that may contribute to the specific types of health
statuses among elderly, according to the World Health Organization, the interrela-
tionship between oral health and general health is more pronounced among older
people; in this population, poor oral health can increase the risks to general health
(www.who.int/oral_health).

1 Up to the present China has carried out three waves of oral epidemiological surveys in 1983,
1995, and 2005. Each survey has its own goal and coverage. The first covered only children; the
second and third surveys included individuals between 5 and 74 years of age. The surveys provided
very useful information about the oral health of the Chinese, but less information has been available
on the elderly. Although the surveys followed international guidelines and standards of other oral
epidemiological surveys, they ignored the oral health status of the oldest-old in the population,
tending to assume that the oral health status of the oldest-old population was similar to that of
young-old population.
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Tooth loss among the elderly is an important research topic because it leads to
many adverse consequences. Representative studies, however, are limited. Most re-
searched different subgroups of the elderly population; the results tend to vary with
age, residence, gender and other variables regarding tooth loss or denture wear. For
example, a study in Kitakyushu Japan found that among the institutionalized elderly,
males lost more teeth than females, and edentulism was also more likely in males
than in females (Shimazaki et al. 2003). Among 338 elderly in Israel, 54 percent of
them were edentulous; higher rates of edentulism were found among subjects living
in urban areas compared to subjects living in rural areas (Adut et al. 2004). Among
the 65–74 years old population, 4.4 percent of the urban and 3.4 percent of the rural
elderly were edentulous in southern China, even though the number of missing teeth
was not significantly different between urban and rural residents (Lin et al. 2001).
Being older or being female in the older Mexican American population (65–99 years
old) was significantly associated with tooth loss (Randolph et al. 2001). In a study of
health in Pomerania, researchers found that age, low income, low educational level,
smoking and alcohol abuse seemed to be risk markers for edentulism; whereas the
number of diseases, diabetes, and gender were not (Mack et al. 2003). Shah’s (2003)
study revealed that elderly men had a higher percentage of filled teeth and denture
wear compared to elderly women.

Due to a lack of awareness of tooth health and poor oral hygiene in China, many
elderly suffer from notable tooth loss and severe periodontal conditions. The Chi-
nese government has recognized this problem, as well as the relationship between
oral diseases and quality of life among the population (including the elderly). In
1989 the government designated September 20th as “National Teeth-Loving-Day”
(Quan-guo Ai-ya-ri) with each year having a special theme (Zhang 1999: 54).2 In
2001, WHO proposed the “80/20 plan” which encouraged individuals to take care
of their teeth for the sake of their own health and to achieve the goal of having 20
teeth at the age of 80. The objective of the research we report in this chapter is to
describe dentate status among older Chinese (65+ years old), and the edentulous and
denture wearing status among the population. We hope to identify the discrepancy
between reality and the goal of the “80/20 plan,” as well as to add more knowledge
and information about oral hygiene among the Chinese elderly.

19.2 Materials and Methods

Data for this study were collected by the Chinese Longitudinal Healthy Longevity
Survey “CLHLS.” This is an ongoing project covering the elderly population in 22
provinces in China. Counties and cities in the 22 provinces were randomly selected
for the survey. The project has conducted four waves of the survey (in 1998, 2000,
2002, and 2005). The initial survey included elderly 80+ years only; 65+ year olds

2 For example, the theme in 1989 was “brush teeth and oral health,” in 1999 it was “oral heath care
for the elderly,” and in 2005, “oral health care during pregnancy.”
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were added to the survey in 2002. We have used data from the 2002 survey wave
because the population was expanded to 65+ years in that year and those data were
the latest available at the time of our research. The survey covered various aspects
regarding the lives of the elderly, including general information, physical ability,
life style, personal background, family structure, and a basic physical examination.
This was not a survey specifically designed to study dental health among the el-
derly, however. With regard to oral health status, the survey contained two questions
directly related to the tooth status of the elderly: “How many teeth do you have
(not including dentures)?” and “Do you wear dentures?” These questions, as well
as socio-demographic information (i.e., age, gender, residence, schooling and pen-
sion status) were used to analyze the very basic condition of oral health among the
elderly, including the oldest-old (80+), about whom we have never had any general
dental information.

For our study we relied on the reports of oral health status among the 15,766
elderly in the survey; as already noted, this information included number of re-
maining teeth and denture wearing status. Table 19.1 shows the general character-
istics of the population by age, sex, and residence; our analyses and conclusions
were drawn from this sample population. The overall quality of the survey was
considered generally good, but answers to some questions (especially personality-
related items) should be used with caution, as discussed by Zeng et al. in 2001
and in 2002.

The results of this survey show that the number of teeth left (18) among the
younger elderly is similar to that in the Second National Epidemiological Survey on
Oral Health conducted in 1995 (National Supervising Committee on Oral Disease
Prevention, 1999). This leads us to believe that the results of this survey represent
the general patterns of tooth loss among the elderly in China.

The statistical methods we used were descriptive, bivariate, and multivariate anal-
yses. The descriptive analysis provided information about the general status of oral
health, the bivariate analysis checked the significance of the differences between

Table 19.1 Number of cases by age group, sex, and urban/rural residency

Total Urban Rural

Male Female Male Female

65–69 1, 606 202 197 613 594
70–74 1, 669 209 204 632 624
75–79 1, 565 186 185 593 601
80–84 2, 105 311 278 784 732
85–89 2, 126 249 256 779 842
90–94 2, 321 235 285 803 998
95–99 1, 419 121 162 422 714
100+ 2, 955 163 535 471 1, 786

Total 1, 5766 1, 676 2, 102 5, 097 6, 891

The data is from the 2002 survey, with 15,798 unweighted cases, there were 32 cases with missing
or invalid tooth information. The following analyses are based on cases described in this table
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groups, such as age and sex, and the multivariate analysis gave more information on
the relationship between tooth loss and socio-demographic variables.

19.3 Results

19.3.1 General Trends

According to physiology, an adult should have 32 natural teeth, of which 28 have
different functions for daily life. Among the elderly (age 65 and over), the average
number of teeth remaining at the time of survey (2002) was 9.1; males had more
teeth than females (11.0 vs. 7.6) (Fig. 19.1). Even though loss of teeth does not
necessarily increase with age as does human mortality, the trend of the number of
teeth remaining in this population indicates a decline in the number of remaining
teeth as an individual ages. If we evaluate the speed of the decline by the steepness
of the line of the mean number of teeth left in Fig. 19.1 among different age groups,
the elderly in age group 85 and over were starting to experience a slower tooth
loss than that experienced by the younger age groups. This trend persisted in the
experience of male and female elderly and is shown in Fig. 19.1. Tooth loss among
residents in urban and rural areas followed a similar pattern and only differed in
degree of the number of teeth lost. Reasons behind this pattern are not clear, but the
less teeth remaining, the less chance an individual will loose more teeth.

While the mean number of teeth remaining among older Chinese decreased
with age, the percentage of edentulousness increased with age (Table 19.2). For
both males and females, the percentage of edentulous elderly increased with age;
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Fig. 19.1 Mean number of teeth remaining by age and sex, 2002
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Table 19.2 Percentage of edentulousness among elderly in China, 2002

Gender Age Urban Rural Total

Male 65–69 9.9 8.0 8.4
70–74 12.0 13.0 12.7
75–79 18.3 15.2 15.9
80–84 26.0 25.4 25.6
85–89 37.8 29.2 31.2∗

90–94 41.1 31.3 33.6∗∗

95–99 47.9 41.1 42.8
100+ 46.6 44.1 44.7

Female 65–69 11.2 11.3 11.3
70–74 23.0 16.5 18.1∗
75–79 33.0 21.1 23.9∗∗
80–84 33.5 30.7 31.4
85–89 36.6 35.2 35.5
90–94 46.9 40.7 42.1
95–99 59.3 51.0 52.6
100+ 61.2 55.5 56.8∗

Urban–rural difference was significant at ∗ p < 0.05, ∗∗ p < 0.01

however, the percentage of edentulous females was higher than that of males. At
age 95 and over, more than half the females had lost all their teeth.

19.3.2 Gender and Residential Differences in Tooth Loss

Based on the information in Table 19.3, there were differences in the number of teeth
remaining between male and female elderly in urban and rural China. In general,
urban male elderly have more teeth remaining than do rural male elderly, although
the pattern is reversed in the 95–99 and 100+ age groups. Urban female elderly have
more teeth than rural elderly women in only three of the eight age groups. Gender
differences in the number of teeth remaining among the urban elderly were greater
than that of the rural elderly, while general tooth loss status among rural males and

Table 19.3 Mean number of teeth remaining and standard deviation (SD) by gender and residence
(2002)

Age Urban Rural Urban (SD) Urban (SD) Rural (SD) Rural (SD)
group total total male female male female

65–69 20.2 18.3 20.2 10.5 20.2 11.0 19.4 10.4 17.1 10.3
70–74 16.7 14.7 18.2 10.8 15.1 11.7 15.7 10.7 13.6 10.4
75–79 12.7 12.4 14.8 10.9 10.7 10.9 13.7 10.3 11.3 10.2
80–84 10.1 8.6 11.2 10.3 8.8 9.5 9.3 9.1 7.9 8.5
85–89 7.2 6.7 8.3 9.4 6.1 7.7 7.2 8.0 6.4 7.9
90–94 5.7 5.5 6.8 8.7 4.8 7.1 6.4 7.6 4.8 6.7
95–99 3.9 4.1 4.8 7.2 3.3 6.5 4.9 7.1 3.5 5.9
100+ 2.6 3.1 3.6 5.2 2.3 4.9 4.3 6.9 2.7 5.3

Total 9.8 8.8 11.8 8.2 10.8 7.4
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females was worse than that of urban males and females. Note that the standard
deviation is larger for the 85+ age groups, implying a more severe heterogeneity in
each age group.

One’s oral health may be intertwined with his/her health status. Bad health may
result in more tooth loss, and a decreasing number of teeth may lead to a change
in eating habits or cause problems in digestion and malnutrition. In multivariate
analyses we focused mainly on socio-economic status as an independent variable
because it is often used to examine causal relationships between oral health and
sex, age, place of residence, educational attainment, and occupation. Our statistical
analysis showed that age was the most influential factor regarding the number of
teeth remaining in this population; the older the people, the less remaining teeth.
Gender and place of residence were also significant determinants as shown in the
first model in Table 19.4. For the same age group, males tended to have more teeth
than females, and those who lived in urban areas had more teeth than those who lived
in rural areas. Model 2 adds two more variables: if the individual had a pension,
and years of schooling. The more wealthy the individual, the more he or she may
spend on dental care. Educational attainment may improve knowledge of behavior
to improve oral health status. Although age still played an important role in Model 2,
place of residence became insignificant once pension and schooling variables were
introduced. Both variables were positively correlated with number of teeth.

19.3.3 Denture Wear

Number of teeth (remaining) affects an individuals’ daily life. We do not have infor-
mation on the exact number and position of teeth remaining, or their relationship to
the elder’s functioning in daily life, or the impact of remaining teeth on health status.
However, when the number of teeth was reduced to a point that hindered the elder’s
ability to eat and enjoy certain types of food, he or she may well wear dentures
to minimize the problem. Among the elderly interviewed in the CLHLS, about 26
percent on average wore dentures (Table 19.5). Urban and rural difference in denture
wear was obvious; more urban elderly wore dentures than rural elderly (38 vs. 22
percent). The younger the age group, the less difference there was in denture wear

Table 19.4 Parameter estimate by linear regression

Model 1 Model 2

Variables Standardized B p-value Standardized B p-value
Age −0.492 < 0.001 −0.485 < 0.001
Sex: male 0.071 < 0.001 0.059 < 0.001
Residence: urban 0.024 < 0.001 0.005 0.517
Have pension: yes 0.039 < 0.001
Years of schooling 0.019 0.008
Adjusted R2 0.261 0.262

Dependent variable: Number of natural teeth left; the parameters were estimated by ordinary least
squares method
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Table 19.5 Percentages of elderly wearing dentures

Age group Total Male Female Urban total Rural total

65–69 26.7 24.2 29.5 30.8 25.3
70–74 31.4 28.6 34.3 41.0 28.4
75–79 32.2 30.9 33.3 48.7 27.5
80–84 32.0 33.9 29.9 44.9 27.4
85–89 28.7 31.7 26.2 44.0 23.4
90–94 23.8 25.8 22.5 37.4 20.1
95–99 20.8 26.9 16.3 35.8 16.9
100+ 15.7 22.4 13.9 29.3 11.3

Total 25.9 28.3 24.0 38.0 22.0

between urban and rural elderly. However, the difference in the percentage of those
wearing dentures between urban and rural elderly increased after age 75.

Although women in general have fewer teeth left and a higher percentage of
edentulousness than men, fewer wore dentures; elderly in rural areas had fewer teeth
than urban elderly, but fewer were edentulous and less wore dentures
(Tables 19.2, 19.3, and 19.5). Among the elderly younger than 80 years of age,
more females wore dentures than males. Compared to the number of teeth remain-
ing among urban and rural elderly in Table 19.3, those having more teeth in urban
areas were more likely to wear dentures than those having less teeth but living in
rural areas. This difference existed in almost all age groups and between males and
females in urban and rural areas.

A further analysis indicated that among those elderly without a single tooth re-
maining, the proportion wearing dentures increased compared with those who still
had a few remaining teeth (Table 19.6). For example, among urban residents, the
percentage of denture wearers increased from 38 percent (Table 19.5) for the general
elderly population to 61.2 percent among those who had lost all their teeth; in rural
areas the increase was from 22 to 35 percent. The extent of the increase was larger
in urban areas (23 percentage points) than in rural areas (13 percentage points),
indicating both the need for dentures to assist in eating, and the active action taken
to acquire dentures. The analysis also showed that more males than females wore
dentures and that more urban than rural elderly wore dentures. Both comparisons
were statistically significant.

Model 1 in Table 19.7 includes all the respondents and Model 2 in the same table
only includes those who do not have any teeth. Results from the logistic regression
on denture wear showed that gender was no longer significant when other vari-
ables were controlled. Urban residents were more likely to wear dentures than rural

Table 19.6 Proportion of denture use among those having no teeth (%)

Urban Rural

Male Female Urban total Male Female Rural total
72.8 54.8 61.2 48.2 28.5 35.0

The difference between males and females as well as the difference between urban and rural are
all statistically significant (p < 0.001)
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Table 19.7 Parameter estimates of logistic regression on denture wear (odds ratio)

Model 1 Model 2

n = 15, 747 n = 5, 226
Sex: male 1.073 0.899
Residence: urban 1.831∗∗∗ 2.525∗∗∗

Has pension: yes 2.175∗∗∗ 2.248∗∗∗

Has schooling: yes 1.574∗∗∗ 1.800∗∗∗

Age group
65–69 7.060∗∗∗ 13.090∗∗∗
70–74 6.457∗∗∗ 14.471∗∗∗
75–79 5.166∗∗∗ 8.253∗∗∗
80–84 3.584∗∗∗ 6.141∗∗∗
85–89 2.634∗∗∗ 3.359∗∗∗
90–94 1.786∗∗∗ 2.243∗∗∗
95–99 1.437∗∗∗ 1.561∗∗∗
100+ (reference)

Number of teeth left 0.895∗∗∗ –
Constant 0.154∗∗∗ 0.172∗∗∗

Nagelkerke R2 0.236 0.318
Correct classification 78.8% 73.2%
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

residents, given the same age, education level, and number of teeth left. Younger
elderly were more likely to wear dentures than older elders; there is a clear linear
trend of a decrease in the odds ratio associated with the increase in age groups. Both
pension status and place of residence were statistically significant in the models,
implying that denture wear was not only related to the place of residence but also
to the former occupation of the respondent (which was also a measure of financial
dependency).

19.3.4 Survival of Teeth Among Elderly

Instead of cohort data, our research used cross-sectional data to build a hypothetical
survival pattern of teeth. Survival of teeth among the elderly was calculated according
to the status of having teeth (no matter how many), and the loss of all teeth (eden-
tulousness). The survival curve of teeth in Fig. 19.2 explains the loss of all teeth
among the elderly surveyed. First, total loss of teeth increased with age. In the be-
ginning age group, only about 1 percent of the elderly lost all their teeth. Toward the
higher age group, e.g. 100–104, about 81 percent of them were edentulous. Second,
as indicated in the “general trend” section of dentate status among the elderly in this
chapter (which was explained largely by the mean number of teeth remaining), there
was a gender difference in the survival rate of teeth. While the mean number of teeth
remaining among males was more than that of females (Fig. 19.1), more males lost
all their teeth compared to females (Fig. 19.2). And third, unlike mortality where
all human beings will die eventually, teeth often remain well after the death of an
individual; in other words loss of life does not mean the loss of all or some teeth.



324 Y. Zhou, Z. Zheng

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

65–69 70–74 75–79 80–84 85–89 90–94 95–99 100–
104

105+

Total Male Female

P
ro

po
rt

io
n 

ha
vi

ng
 te

et
h

Age group

Fig. 19.2 Survival curve of teeth among elderly (65–100+)

Based on this premise, the 80/20 WHO goal is possibly attainable, and Chinashould be
able to achieve good dental care in both the young and older population in the future.

19.4 Discussion

Age is related to the loss of teeth in all populations. In this large sample of elderly in
China, age is shown to play an important role in tooth loss. The older the age, the less
the teeth the elderly have. On average, elderly between 65 and 100+ have 9.1 teeth.
The number of teeth remaining between the ages of 65–74 (18) is the same as that
from the Second National Epidemiological Survey on Oral Health (18 natural teeth;
National Supervising Committee on Oral Disease Prevention 1999: 55); however
centenarians had less teeth than in the Bama (Guanxi province) study, which showed
that only 20 percent of the elderly lost all their natural teeth (Xiao et al. 1996). As
to the population of those 60+ in Beijing, a survey found that the mean number
of missing teeth was 11, excluding third molars (Cooperation Group for Beijing
Elderly Oral Health Survey 1988); a similar finding of elderly in Chengdu showed
that on the average, each person had lost 14.2 teeth, excluding third molars (Chen
et al. 1985). Our research showed that the number of teeth remaining and the per-
centage of edentulous elders may differ from other populations. For example, a
study in the 1990s of elders aged 70 and over in six New England States (NEEDS,
the New England Elders Dental Study) showed that about 38 percent of the elderly
surveyed lost all their natural teeth, and the percentages among male and female
elders were similar (Douglass et al. 1993). In Japan, elderly over 80 years of age
had 6.2 natural teeth on average, and less than 15 percent of them had 20 natural
teeth (Ministry of Health and Welfare 2000). However, all this information among
different groups in the Chinese population and the population in other countries
indicates the deterioration of dentate status as people age.



19 Tooth Loss Among the Elderly in China 325

Gender differences in tooth loss are also important, for example for preventive,
treatment and socio-demographic research and intervention programs. From a med-
ical point of view, it is necessary to explore the physiological reasons behind a
possible gender difference in loss of teeth. The results of such research may well
contribute to the prevention of tooth loss, especially among the older population, ei-
ther by intervention in nutrition in-take, supplements of calcium and other necessary
nutritional elements, or through improvement of oral hygiene. Socio-demographic
research will add more information, such as the characteristics of individuals who
have more (or less) teeth than others in a population of the same age. This in-
formation is useful for targeting prevention and treatment programs which aim at
the improvement of oral health, retaining more teeth during aging, and ultimately
improving the quality of life among the elderly.

In our study, there are gender and residence differences in tooth loss, even after
controlling for age. Males have more teeth than females, but the life expectancy
of females is longer than that of males; however, a gain in life expectancy among
females may be compromised by their suffering from other health conditions; for
example loss of teeth is more serious among females than males. Also rural elders in
general were shown to have lost more teeth than their counterparts in urban settings.
It is important to examine the reasons that lead to urban and rural differences in
tooth loss. For example, different dietary styles, types of food, or the hardness of
food consumed during life or later life may well be related to tooth loss, especially
at the older ages. However, we suspect that oral hygiene may also be an impor-
tant factor affecting tooth loss among the population we surveyed. Results from the
National Oral Epidemiological Survey in China in 1995 showed that 72 percent of
elderly between 65 and 74 years of age brushed their teeth 1–2 times a day; and the
percentage doing so in urban areas was higher than in rural areas (90 vs. 53 percent;
National Supervising Committee on Oral Disease Prevention 1999: 607).

An increase in the percentage of denture wearers may indicate that serious tooth
loss has affected an individual’s life to an unbearable point; or the increase may be
due to an increased awareness of oral health, an increased ability to afford dentures,
or an increase in dental care services in China. Considering the age of and the dental
services available to this population in the past and the present, we believe that the
last three aforementioned reasons have influenced this changing pattern of denture
use. However, male and female differences in denture wear may be caused by the
degree of edentulous status among males and females (though more females lost
their teeth than did males), or by other socio-cultural factors (e.g., more males in
that age group worked at a young age, thus had medical insurance to cover the cost
of dentures; or there might be gender differences in attitudes toward dentures). It
seems that denture wear is disproportionate to the level of edentulousness among
the population.

There are limitations in this research. First, the CLHLS was not specifically de-
signed for dentate studies, and information available on oral health is hence limited.
A detailed analysis of tooth loss and the factors affecting it are not possible with
these data. Second, information on teeth retained and denture wear is not detailed
(such as position and quality of the teeth remaining and size and types of dentures)
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which also prevents further oral health analysis. And third, although the CLHLS
provides more information about the socio-demographic and health status of the
elderly, which was lacking in other surveys, our pilot analysis of data from the 2002
survey included only a few variables that we thought might affect the immediate
dental status of the elderly. Even though there are limitations on data availability
and the resulting analyses, our research does provide a basic albeit crude dental
picture of the elderly in China which is useful for further research. For example,
further research might explore reasons behind gender differences in tooth loss in
reference to childbirth history, socio-cultural and economic differences, and urban
and rural differences in diet in relation to tooth loss.

The policy implications of this study are significant. With the increasing size
and percentage of the older population, especially the oldest-old (80+) in China—
concurrent with economic growth and improvements in the standard of living—oral
health will attract more attention from the government (to provide more services to
the population needed) and from individuals (to change their oral hygiene and to
keep more teeth as long as possible as they age). From the results of our study, we
are able to demonstrate a general trend of the extent and the severity of tooth loss
and edentulism among the elderly. While attention is increasing in more developed
countries on oral health status and factors that affect these outcomes, we also need
more research in developing countries to accumulate information on oral health sta-
tus, services availability and services needed. Research presented in this chapter is
one example of an attempt to better understand oral health in a developing country.
For further more-detailed and in-depth research, there is a need to carefully construct
the relationship between oral health and other health statuses, with a longer period
of follow-up observations. More surveys and other information, specifically on oral
health, need to be conducted for a better understanding of oral hygiene among the
elderly. With more information, we will likely have more effective and specific in-
terventions to improve the oral health in the Chinese population at large.
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Chapter 20
Psychological Resources for Well-Being
Among Octogenarians, Nonagenarians,
and Centenarians: Differential Effects
of Age and Selective Mortality

Jacqui Smith, Denis Gerstorf and Qiang Li

Abstract Research on the young old indicates that psychological processes associ-
ated with the maintenance of subjective well-being are effective despite declining
health and age-related social losses. In this chapter, we examine the robustness of
this system in the oldest old. We divided the first wave cross-sectional sample of
the Chinese Longitudinal Healthy Longevity Study (CLHLS) into two subsamples:
2-year survivors (N = 4,006) and 2-year drop-outs (N = 4,799). Psychological
resources for well-being were measured by seven items (5-point response scale).
Selectivity analyses and multiple regression analyses were conducted. Despite con-
straints in objective life conditions, long-lived individuals showed reasonably high
levels of psychological resources for well-being. Age-cohort differences were small.
Selective mortality and individual differences in life-history and life-context factors
accounted for substantial amounts of variance. Individual differences were primarily
associated with engagement in life, cognitive functioning, and health. The efficacy
of this psychological system is vulnerable to losses and is associated with survival
in the oldest old.
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20.1 Introduction

Gerontologists have long been interested in processes linked to the malleability of
aging and the determinants of survival into very old age. Research has tended to
focus primarily on biogenetic mechanisms and risk factors, but there is increasing
consideration given to the interactive role of social, environmental, behavioral, and
psychological factors (e.g., Seeman et al. 2004; Vaupel et al. 1998). Such a mul-
tilevel and multifaceted perspective on longevity coincides with the proposals of
several models of successful aging (e.g., Baltes 1987; Baltes and Baltes 1990; Rowe
and Kahn 1987, 1997; Strawbridge et al. 2002). Although these models suggest
slightly different sets of components and processes, there is general agreement that
two central outcomes of successful aging are a sense of personal well-being and a
healthy long life.

Much is known about the characteristics and processes of aging successfully
among individuals aged 60–80 years (e.g., Baltes and Smith 2003; Rowe and
Kahn 1997). Among contemporary generations of the young old in many coun-
tries, there are high levels of physical and mental health, cognitive fitness, and
engagement in productive, social, and solitary leisure activities, healthy lifestyles
and subjective well-being (e.g., Antonucci et al. 2002). Little is known about the
constellations of these characteristics in the oldest old (aged 80+). Advanced old
age (the Fourth Age) has been described as a phase of life unlike earlier periods
of the lifespan (e.g., Baltes and Smith 2003; Smith 2001; Suzman et al. 1992). It
is associated with high levels of comorbidity as well as increased risks of demen-
tia, need-for-care, and institutionalization. It is thus important to ask whether very
long-lived persons have the psychological capacity to sustain a sense of personal
well-being and, hence, to age successfully. Furthermore, are there differences in the
profile of psychological resources for well-being observed in octogenarians, nona-
genarians, and centenarians?

We examine these questions in the context of a cross-sectional sample from the
first wave of the Chinese Longitudinal Healthy Longevity Study (CLHLS: Zeng
et al. 2002). This study is unique in that it consists of a representative sample
of the oldest old stratified by age and gender, meaning that it provides a context
for age- and gender-comparative analyses within the oldest old. Furthermore, each
participant was assessed individually with a standardized protocol in a face-to-face
interview.

20.2 Psychological Resources for Well-Being

Depending on the researcher’s method and theoretical stance, data about personal
well-being can serve as an indicator of perceived current life status, an evaluation
of life up-to-the-present, and/or as an estimate of the psychological resources that
an individual could use to adapt to future challenges (e.g., Diener et al. 1999;
Ryff 1995; Lawton 1991). In the research we report in this chapter, we adopt the
latter approach.



20 Differential Effects of Age and Selective Mortality on Well-Being 331

We examine two sets of psychological resources, which together facilitate and
constrain the maintenance of well-being and thriving in old age and so contribute
to healthy longevity. One set involves resources that enhance positive well-being
(e.g., optimism, a sense of personal control, conscientiousness, and positive feel-
ings about aging). The other set is linked to negative aspects of well-being (e.g.,
loneliness, negative emotions such as anxiety, and associating aging with a loss of
self worth or competence). Each of these psychological resources has been shown
to be a predictor of mortality in old age (e.g., Berkman 1988; Friedman et al. 1995;
Seeman et al., 1987; Swan and Carmelli 1996). Maier and Smith (1999) and Levy
et al. (2002), for example, reported that older individuals who evaluated their own
experiences of aging in a positive way and maintained a high sense of self worth also
lived longer. These authors assessed positive feelings about aging using a subset of
items from the PGCMS (Lawton 1975). In both studies, the predictive effects of
these items remained after statistically controlling for other indicators associated
with mortality in old age (e.g., age, gender, SES, and health).

A well-functioning psychological system that is capable of adapting to new chal-
lenges should be characterized by a pattern of higher levels (i.e., maximization)
of resources associated with positive well-being, and relatively low levels (i.e.,
minimization) on indicators of negative well-being (e.g., Taylor 1991; Kahneman
et al. 1999; Baltes and Baltes 1990). Other patterns across these resources are in-
dicative of acute or chronic stress and of less effective functioning. An individ-
ual adjusts his or her level of aspirations to the reality of present life conditions
in order to protect the self against a loss of well-being and to maintain a sense
of purpose in life. Together, these psychological processes contribute to a positive
aura of well-being and to seemingly paradoxical observations that some subgroups
of individuals report high life satisfaction in contexts of relatively poor objective
life circumstances (i.e., the well-being paradox). To the extent to which a sense of
well-being contributes to a long life, these psychological resources and processes of
evaluating life experiences play a critical role.

Theoretically, as a function of enduring personality dispositions and other psy-
chological resources, an individual’s level of well-being is expected to be generally
stable across the lifespan, with short-term fluctuations contingent on acute negative
events. However, research has revealed that some components of well-being show
different age associations from age 20–75 years (e.g., Diener et al. 1999; Mroczek
and Kolarz 1998). Feelings of happiness show negative age correlations, while re-
ports of life satisfaction either reveal no age trends or a small increase with age.
In very old age, it is suggested that the increased risk of frailty, the accumula-
tion of debilitating health conditions, functional impairments, and personal losses
may increasingly place constraints on life satisfaction (Isaacowitz and Smith 2003;
Kunzmann et al. 2000; Smith et al. 2002). Beyond age and health, other factors
such as life history and social embeddedness as well as activities and engagement
in life are expected to contribute to differences between individuals (George 2000;
Kahneman et al. 1999; Lennartsson and Silverstein 2001; Menec 2003).

Using cross-sectional data from the first wave of the CLHLS, we examine age
cohort and selectivity effects in the levels of psychological resources associated
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with maximizing positive and minimizing negative well-being as well as predictors
of individual differences in resource availability. Examination of age-related differ-
ences in the period of very old age is conceptually and methodologically complex
because components of heterogeneity differ across age groups. Subgroups repre-
senting each decade (octogenarians, nonagenarians, and centenarians) reflect cohort
differences in life history, differential amounts of cumulative age-related change,
differential impact of selective mortality, and differential distance from death (e.g.,
Manton 1990). We adopt a strategy that provides partial insight into the possible
effects of distance from death on functioning within and across age-cohort groups.
To do this, we compare levels of functioning within age-cohort groups between
those individuals who subsequently survived a further 2 years and continued to
participate in the study with those who did not survive. Because the likelihood
of 2-year survival is higher for octogenarians than for centenarians, we argue that
selection effects found for centenarians provide strong evidence for the important
role of psychological resources for aging successfully in the Fourth Age. Observed
levels of psychological resources in centenarians reflect multiple selection effects.
For some (unknown) reasons they are the positive outliers in terms of survival in
their birth cohort. Observations among octogenarians are probably less select on
these factors given that we do not know how many of them will live until age 100.

Based on the assumption that psychological resources contribute to healthy
longevity, we hypothesize that we should observe selectivity differences in this
sample such that individuals who subsequently survive for 2 years and continue
in the second wave of data collection would show higher levels on psychological
resources that maximize positive and minimize negative well-being. The effects are
expected to be larger in centenarians than in octogenarians. Within the positively
selected group of “2-year survivors,” we expect to observe only minimal age cohort
differences but substantial individual differences reflecting diversity in life history
and present life conditions that are also linked to well-being.

20.3 Methods

20.3.1 Sample

We compare two nested subsamples from the first wave of the Chinese Longitu-
dinal Healthy Longevity Study (CLHLS; N = 8,805): One subgroup survived for
a further 2 years after baseline assessment and continued in the longitudinal study
(1998–2000: N = 4,006), whereas the other subgroup dropped out after baseline
(N= 4,799). The major reason underlying the definition of the two groups and then
concentrating on the 2-year survivor subsample was to shed some light on the effects
of sample selectivity on research findings in very old age.

Detailed information about the assessment battery of the total cross-sectional
CLHLS sample is reported in Zeng and Vaupel (2002), and in Chap. 2 in this
volume. The survey was conducted in 631 randomly selected counties and cities
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of 22 provinces in which Han Chinese predominate. These provinces covered 85
percent of the total population in China (985 million persons). All centenarians from
the selected areas who agreed to participate were included in the study. Based on
gender and place of residence (i.e., living in the same street, village, city, or county)
for a given centenarian, randomly selected octogenarians and nonagenarians were
also sampled. This matched-recruitment procedure resulted in an over-sampling of
the oldest old and older men at baseline. Records of the age of Han Chinese have
been verified as accurate for cohorts born after 1893 (see Coale and Li 1991; Zeng
et al. 2002). Interviews and basic health examinations were carried out at the partic-
ipant’s place of residence (i.e., private household or institution) by a doctor, nurse,
or medical student.

Descriptive information for the 2-year survivor and attrition subsamples analyzed
in this chapter is provided in Table 20.1. To be included in the 2-year survivor sub-
group, participants had to provide valid data on at least one indicator of a resource
for positive and negative well-being at baseline and the subsequent follow-up in
2000. The attrition sample consisted of participants who were available for testing
at baseline only (primarily due to mortality) as well as those who provided missing
psychological data at either occasion (baseline: 3–7 percent; 2000: 9–15 percent).
Missing data were primarily due to poor hearing and vision, and severe cognitive
impairment.

Table 20.1 Differences on demographic, physical-functioning, and psychological characteristics
for subsamples of the CLHLS participants who survived two years after baseline (S; N = 4006) or
dropped out (A; N = 4799) across the three age cohorts

80–89 years 90–99 years 100–105 years
S A S A S A

N 2,239 1,289 1,216 1,797 551 1,713
% Women 51a 47a 55a 58a 81a 79a

% City 43a 49b 38a 36a 24a 29a

% No school education 56a 53a 66a 70a 82a 85a

% No spouse 69a 73b 87a 90b 98a 97a

Number of children alive 5.23a 4.89a 5.27a 5.20a 5.32a 5.62a

% Poor hearing 3a 11b 10a 29b 18a 47b

% Poor vision 7a 12b 12a 26b 23a 42b

ADL (max = 12) 11.68a 10.99b 11.18a 9.93b 10.62a 8.53b

Engagement in life (max = 16) 4.01a 3.29b 2.78a 1.83b 2.03a 1.12b

MMSE (max = 23) 20.17a 18.85b 18.27a 15.28b 15.99a 12.15b

Word fluency (foods) 11.29a 10.52b 9.39a 7.26b 7.32a 5.47b

Life satisfaction (max = 5) 3.90a 3.88a 3.92a 3.83b 3.93a 3.87a

Self-rated health (max = 5) 3.74a 3.54b 3.70a 3.48b 3.70a 3.46b

Total N = 8805. S = 2-year survivor subsample, A = attrition (drop-out sample). ADL, activities of
daily living; MMSE, mini-mental state examination. Higher scores on ADL, engagement in life,
MMSE, and word fluency indicate higher functioning. Within age cohorts, indices with different
superscripts are significantly different between the samples at p < .01 or below. For statistically
significant differences between the age cohorts, see text.
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20.3.2 Measures

Psychological resources. Our research includes indicators of psychological re-
sources associated with positive and negative aspects of well-being. Resources for
positive well-being were measured using four items: Optimism (“I always look on
the bright side of things”), Conscientiousness (“I like to keep my belongings neat
and clean”), Sense of personal control (“I can make my own decisions concerning
my personal affairs”), and Positive feelings about aging (“I am just as happy now
as when I was younger”; item from the PGCMS; Lawton 1975). To assess negative
aspects of well-being, the following three items were used: Neuroticism (“I often
feel fearful or anxious”), Loneliness (“I often feel lonely or isolated”), and Perceived
loss of self-worth (“The older I get, the more useless I feel”; item from the PGCMS;
Lawton 1975). Responses were recorded on a 5-point scale (1—describes me very
well; 5—does not describe me at all). To have both sets of resources scored in the
same direction, all responses on items for positive well-being were reverse coded.
As a consequence, high scores on resources against negative well-being reflect low
neuroticism, low loneliness, and high self-worth.

Structural characteristics of the resource indicators of maximizing positive and
minimizing negative well-being were evaluated using structural equation model-
ing techniques. Table 20.2 contains the standardized factor loadings, their levels
of statistical significance and standard errors, as well as the communalities for
the measurement model of well-being. This model produced bivariate correlations

Table 20.2 Standardized factor loadings and communalities for the measurement model of
psychological resources for well-being

Indicator Factor
loading

T SE R2a

Resources for positive well-being
1. I always look on the bright side of 0.64 32.24 0.02 0.41

things. (0.65) (48.74) (0.01) (0.42)
2. I like to keep my belongings neat and 0.53 27.38 0.01 0.28

clean. (0.53) (40.85) (0.01) (0.28)
3. I can make my own decisions 0.45 23.58 0.02 0.21

concerning my personal affairs. (0.42) (32.55) (0.01) (0.18)
4. I am just as happy now as when I was 0.54 27.91 0.02 0.29

younger. (0.54) (41.63) (0.01) (0.29)
Resources against negative well-being

1. I often feel fearful or anxious.+ 0.62 29.93 0.02 0.38
(0.61) (43.96) (0.01) (0.37)

2. I often feel lonely or isolated.+ 0.75 33.40 0.02 0.56
(0.75) (49.64) (0.01) (0.56)

3. The older I get, the more useless I feel.+ 0.43 23.05 0.02 0.19
(0.43) (33.67) (0.01) (0.18)

N = 4006. In parentheses, indices for the total sample (N = 8805).
+ Scores were recoded so that high scores represent higher well-being-associated resources.
a Communality (R2) = 1—standardized residual variance. Communality indicates the proportion of
variance each single indicator explains of its associated latent factor: Squared multiple correlations.
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between the positive and negative factors of well-being and found them to be of
moderate size both in the total cross-sectional CLHLS sample (N = 8,805: r =
0.34) and in the restricted subsample of 2-year survivors (N = 4,006: r = 0.33).
This specified model showed acceptable fit with the data in the total sample (N =
8,805: RMSEA = 0.061, NFI = 0.94, CFI = 0.94) as well as in the 2-year survivor
subsample (N = 4,006: RMSEA = 0.054, NFI = 0.95, CFI = 0.95). As can be seen
in Table 20.2, all factor loadings were reasonable, which also indicates that the fit
between the model specified and the current data set is acceptable.

Individual difference correlates. To examine cross-disciplinary correlates of in-
dividual differences in the psychological resources for well-being, we entered six
sets of measures into regression models. A first set contained sociodemographic
characteristics including gender (1 = men, 2 = women), education (0 = no education,
1 = attended school), and place of residence (1 = urban, 2 = rural). A second set of
correlates included in the analyses comprised measures of functional health such
as Activities of Daily Living (ADL) and sensory functioning. ADL represents the
number of basic activities (i.e., getting out of bed, dressing, toileting, bathing, and
eating) in which participants’ reported needing assistance (max 12 = no assistance
needed on six activities; Katz et al. 1963). Sensory functioning was indicated by a
vision test (1 = the participant could see a break in a circle on a cardboard sheet and
distinguish where the break was located, 2 = can not see) and by the interviewers’
rating of the participant’s ability to hear (1 = can hear, 2 = cannot hear). Third,
self-rated health was measured using an item that is standard in the literature and
that has often been shown to be a valid predictor of functioning and mortality among
older people (for review, see Idler and Benyamini 1997): “How would you rate your
health at present?” The response format ranged from 1 = very good to 5 = very bad.

The fourth set of correlates involved indicators of cognitive functioning. Two
measures were used. An age-adjusted 23-item Chinese version of the Mini-Mental
State Examination (MMSE; Folstein et al. 1975) assessed the facets orientation, reg-
istration, attention and calculation, recall, and language and movement. The second
measure of cognitive functioning assessed verbal fluency. Participants were required
to name as many kinds of food as possible within 60 s. This is a standard task in
many intelligence tests.

The last fifth and sixth sets of correlates reflected social embeddedness and ac-
tive engagement in life. Quantitative measures of social integration were available
including whether the participant’s spouse was alive and the number of children
alive. Engagement in life was measured using a summed score of a list of eight
activities. Participants were asked to indicate whether they performed the follow-
ing eight activities regularly: Housework, grow vegetables and other field work,
garden work, read newspapers or books, raise domestic animals, play cards and/or
mah-jong, watch TV and/or listen to the radio, and religious activities. Due to the
coding scheme (0 = never, 1 = sometimes, 2 = regularly), the maximum score
was 16.

Mortality information was obtained in 2000 in interviews with relatives, care-
givers, and community authorities. Mortality status was available for N = 7,938 and
(partly) missing for N = 867. Of those for whom mortality status was recorded,
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41 percent (N = 3,247) were deceased by 2000. Among the survivors (N = 4691),
85 percent (N = 4,006) provided valid data on resource indicators for well-being.

20.4 Results

Results are reported in three main sections. In a first section, we compare the
profiles of psychological resources for positive and against negative well-being of
octogenarians, nonagenarians, and centenarians in the 2-year survivor sample (N =
4,006). In a second step, selectivity analyses are carried out to examine the extent
to which positive sample selectivity contributed to these findings. Here, we contrast
the survivor sample against the attrition sample (N = 4,799). In a third step, mul-
tiple regression analyses are undertaken to examine a number of cross-disciplinary
factors as potential individual difference correlates of subjective well-being among
long-lived individuals.

20.4.1 Profiles of Well-Being in Advanced Old Age

Table contains descriptive statistics for the three age cohorts on the indicators of
psychological resources for positive well-being and against negative well-being.
Overall, participants in the three age cohorts had relatively high potential for well-
being. For example, the mean for centenarians on the optimism item was 3.91,
nonagenarians = 3.95, and octogenarians = 3.97. Statistically significant differences
between the three age cohorts of long-lived individuals were found on personal
control, (F2,3,918 = 11.4, p < .000), loneliness (F2,3,953 = 6.3, p < .01), and self-
worth (F2,3,940 = 14.8, p < .000). On average, centenarians reported lower self-
worth, greater loneliness, and less control over their lives than did octogenarians.
As a result, centenarians had somewhat lower levels on the composite measures
of resources for positive well-being (F2,4,003 = 7.7, p < .000) and against nega-
tive well-being (F2,4,003 = 11.0, p < .000). Although statistically significant, these
differences were small amounting to 0.18 SD units for both sets of resources. The
maximum difference between centenarians and octogenarians was on self-worth, but
this reflected only 0.25 SD units. In sum, results from this 2-year survivor subsample
of the CLHLS suggest that, on average, individuals are able to maintain relatively
high well-being into advanced old age, and that there are cross-sectional differences
between various cohorts of long-lived individuals, but they are small.

20.4.2 Sample Selectivity

To examine the effects of sample selectivity on the present findings about preserved
well-being in very old age, participants from the 2-year survivor subsample of the
CLHLS (s; N = 4,006) were contrasted against the total cross-sectional sample
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Table 20.3 Descriptive statistics of resource indicators for positive well-being and for the lack of
negative well-being across the three age cohorts at baseline assessment

80–9 90–9 100–05
Indicator years years years

N = 2,239) (N = 1,216) (N = 551)

Resources for positive well-being
1. I always look on the bright side of 3.97a 3.95a 3.91a

things. (0.80) (0.78) (0.85)
2. I like to keep my belongings neat and 4.11a 4.07a 4.03a

clean. (0.68) (0.68) (0.76)
3. I can make my own decisions 3.64a 3.54a,b 3.42b

concerning my personal affairs. (1.02) (0.99) (1.05)
4. I am just as happy now as when I was 3.40a 3.36a 3.32a

younger. (1.05) (1.05) (1.09)
Composite 3.78a 3.73a,b 3.67b

(0.60) (0.61) (0.68)
Resources against negative well-being

1. I often feel fearful or anxious.+ 3.70a 3.66a 3.67a

(0.82) (0.82) (0.84)
2. I often feel lonely or isolated.+ 3.67a 3.57b 3.58a,b

(0.84) (0.85) (0.89)
3. The older I get, the more useless I feel.+ 3.10a 3.00a,b 2.85b

(0.99) (1.00) (1.02)
Composite 3.49a 3.40b 3.37b

(0.66) (0.68) (0.70)

N = 4006. Means and standard deviations shown in parentheses. + Scores were recoded so that
high scores represent higher well-being-associated resources. Indices with different superscripts
are significantly different between the age cohorts at p < .01 or below. Response format for the
items ranges from 1 to 5.

(N = 8,805). Following a procedure used by Lindenberger et al. (2002), effect sizes
for sample selectivity were computed as the normed difference between the two
nested samples: selectivity = (Ms–Mtotal sample)/SDtotal sample. Effects are expressed
in SD units. It has to be noted that the effect size is a descriptive measure that is
derived directly from the group level, so that there is no variance associated with it.
For that reason, it is not possible to apply significance tests. Overall, only 15 percent
of baseline participants who were eligible for repeated assessment were not willing
or capable to do so. The majority of baseline participants who did not take part a
second time were deceased. As a consequence, total selectivity was not separated
into a mortality-associated component and an experimental component because the
mortality component was the major source of drop-out.

In a first set of selectivity analyses, sample differences on the composite scores
for the two sets of resources were determined. In a second set of analyses, sample
differences in demographic, physical-functioning, and psychological characteristics
were examined because these variables were used in a subsequent step as potential
individual difference covariates of well-being.

Sample differences in psychological resources. The results of the selectivity anal-
yses are shown in Fig. 20.1. From Panel A of Fig. 20.1, it can be seen that the
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Fig. 20.1 Selectivity effects in the 2-year survivor sample of the CLHLS (N = 4,006) relative to
the total CLHLS sample (N = 8,805) for variables assessed at baseline
Note: Panel A: Selectivity effects on the single psychological resource indicators for positive
well-being (conscientiousness, optimism, sense of personal control, and positive feelings about
aging) and against negative well-being (neuroticism, loneliness, and perceived loss of self-worth).
Panel B: Selectivity effects on the composite measures of resources for positive well-being and
resources against negative well-being. Panel C: Selectivity effects on resources for positive well-
being and against negative well-being separately for the three age cohorts of octogenarians, nona-
genarians, and centenarians. Panel D: Selectivity effects for individual difference correlates of
well-being.

magnitude of sample selectivity was 0.82 SD units for conscientiousness (i.e., the
2-year survivor subsample was higher on this resource), 0.75 SD units for optimism,
0.46 SD units for control, 0.28 SD units for positive feelings about aging, 0.04 SD
units for neuroticism, 0.07 SD units for loneliness, and 0.08 SD units for self-worth.
Panel B of Fig. 20.1 illustrates that composite selectivity effects for resources linked
to positive well-being (0.75 SD units) were much stronger than selectivity effects for
lack of negative well-being (0.09 SD units). According to statistical convention (e.g.,
Cohen 1977), observed selectivity corresponds to medium effects for measures of
positive well-being and to small effects for measures of lack of negative well-being.

Panel C of Fig. 20.1 displays sample selectivity effects for well-being sepa-
rately for the three age cohorts. In both sets of resources, the positive selectiv-
ity effects tended to be stronger among the older cohorts. For resources linked to
positive well-being, the magnitude of total sample selectivity was 0.56 SD units for
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octogenarians, 0.82 SD units for nonagenarians, and 1.01 SD units for centenarians.
Again, based on Cohen ’s criteria 1977), the selectivity effects among octogenarians
represent medium effects and among nonagenarians and centenarians correspond to
large effects. For resources against negative well-being, effects were small: Sample
selectivity was 0.03 SD units for octogenarians, 0.08 SD units for nonagenarians,
and 0.14 SD units for centenarians.

Sample differences in individual difference correlates of well-being. An addi-
tional set of selectivity analyses examined sample differences in demographic,
physical-functioning, and psychological characteristics. Panel D of Fig. 20.1 shows
sample selectivity effects for those covariates that were available as continuous mea-
sures, which allowed the calculation of effect size estimates of selectivity analogous
to those reported for well-being. The magnitude of total sample selectivity was 0.34
SD units for Activities of Daily Living, 0.31 SD units for engagement in life, 0.32
SD units for the Mini-Mental State Examination, 0.20 SD units for word fluency,
and 0.14 SD units for subjective health. By convention (e.g., Cohen 1977), selectiv-
ity effects for the covariates of well-being examined here were small.

Table 20.1 provides additional information about all correlates between the
CLHLS participants in the 2-year survivor subsample (N= 4,006) and the attrition
subsample (N = 4,799), separately for the three age cohorts. There were no or only
marginally significant sample differences in terms of gender distribution, place of
residency, school education or not, availability of a spouse, and life satisfaction. For
example, the lack of differences in life satisfaction across the samples as well as
across the age cohorts indicates that life satisfaction represents but one and prob-
ably not the most sensitive indicator of successful aging (Kahneman et al. 1999).
Substantive selectivity differences were found for the ratio of participants who were
impaired in hearing and vision, and with regard to ADL, engagement in life, MMSE,
word fluency, and self-rated health. These differences unequivocally indicate the
positive selection of the 2-year survivor subsample. For example, among the cente-
narians who continued participation in the CLHLS, only 23 percent were found to
be visually impaired as compared with 42 percent among those centenarians who
were only available for testing once.

Table 20.1 also shows pronounced age-related differences. In both samples,
the ratio of women over men increased drastically over the age cohorts, reflect-
ing the higher mortality rates for men, chi-square χ2

2,N=4,006 = 169.4, p < .000;
χ2

2,N=4,799 = 357.6, p < .000. Among the octogenarians, there was an almost
equal distribution of gender, whereas the ratio was 4:1 for women among cente-
narians. In a similar vein, it was found that the older the CLHLS participants, the
less likely they were to live in an urban area (chi-square χ2

2,N=4,006 = 61.8, p <

.000; χ2
2,N=4,799 = 126.3, p < .000), to have had school education (χ2

2,N=4,006

= 140.6, p < .000; χ2
2,N=4,799 = 360.3, p < .000), to have a spouse (χ2

2,N=4,006 =
276.0, p < .000; χ2

2,N=4,799 = 423.9, p < .000), to have relatively well-preserved
hearing (χ2

2,N=4,006 = 186.4, p < .000; χ2
2,N=4,799 = 451.0, p < .000) and vision

(χ2
2,N=4,006 = 133.7, p < .000; χ2

2,N=4,799 = 331.2, p < .000), to be restricted
in ADL (N = 4,006: F2,4,003 = 122.7, p < .000; N = 4,799: F2,4,791 = 249.8, p <

.000) and engagement in life (N = 4,006: F2,4,002 = 197.8, p < .000; N = 4,799:
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F2,4,788 = 422.9, p < .000), and to be cognitively fit on the MMSE (N = 4,006:
F2,3,991 = 261.8, p < .000; N = 4,799: F2,4,190 = 416.6, p < .000) as well as in
terms of word fluency (N = 4,006: F2,3,371 = 76.9, p < .000; N = 4,799: F2,3,540 =
213.0, p < .000). In contrast, there were no or only minimal differences between
the three age cohorts in terms of life satisfaction (N = 4,006: F2,3,994=0.7, p > .10;
N = 4,799: F2,4,201 = 2.1, p > .10) and self-rated health (N = 4,006: F2,3,998 = 1.0,
p > .10; N = 4,799: F2,4,201 = 3.0, p = .051). The large majority of the sample
was either living alone or living together with other household members, but not
in nursing homes, and this was the case both for the total cross-sectional CLHLS
sample (N = 202, 4.2 percent) and in the restricted positively selected sample of
2-year survivors (N = 221, 5.5 percent).

20.4.3 Regression Analyses

Multiple regression analyses were undertaken to examine a number of
cross-disciplinary factors as potential correlates of subjective well-being among
long-lived individuals. The effect of chronological age was covaried by entering
age in a first step. This was followed by blockwise entry of the covariates. Intercor-
relations among the constructs entered into the regression analyses are provided in
the Appendix (see Table 20.5).

Results of the final age-partialed models of hierarchical regression analyses
predicting the availability of resources for positive well-being and against neg-
ative well-being are displayed in Table 20.4. Analyses indicated that the linear

Table 20.4 Final age-partialed models from hierarchical regression analyses to predict resources
for positive well-being and against negative well-being in the 2-wave sample of the Chinese Lon-
gitudinal Healthy Longevity Study

Resources for positive
well-being

Resources against negative
well-being

Unique predictors B SE β B SE β

Men/women 0.03 0.02 0.02 −0.11∗∗∗ 0.03 −0.08∗∗∗

Urban/rural −0.18∗∗∗ 0.02 0.15∗∗∗ −0.07∗∗ 0.02 −0.05∗∗

No school/school −0.01 0.02 −0.01 0.03 0.03 0.02
Number of children alive 0.01∗∗ 0.00 0.05∗∗ 0.01∗ 0.00 0.03∗

Poor vision/good vision 0.06 0.03 0.03 −0.05 0.04 −0.02
Poor hearing/good hearing 0.01 0.04 0.00 −0.10∗ 0.05 −0.04∗

ADL −0.02∗∗ 0.01 −0.05∗∗ 0.02∗ 0.01 0.05∗∗

Engagement in life 0.03∗∗∗ 0.00 0.14∗∗∗ 0.00 0.01 0.01
Mini-Mental State 0.02∗∗ 0.00 0.16∗∗∗ 0.01∗ 0.00 0.05∗

Word fluency 0.01∗∗∗ 0.00 0.07∗∗∗ 0.01∗∗∗ 0.00 0.08∗∗∗

Self-rated health 0.21∗∗∗ 0.01 0.28∗∗∗ 0.15∗∗∗ 0.02 0.17∗∗∗

R2 0.21 0.10
F 74.10 29.41
d f 12,3353 12,3353
p < 0.000 0.000

N = 4006.
∗ p < .05; ∗∗ p < .01; ∗∗∗ p < .001.
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combination of the covariates accounted for 21 percent of the variance in resources
for positive well-being, F (12, 3,353) = 27.41, p < .000, and 10 percent of the
variance in resources against negative well-being, F(12, 3,353) = 29.35, p < .000.
According to statistical convention (Cohen 1977), the effect of resources for pos-
itive well-being was of medium size and the effect of resources against negative
well-being was small.

Unique positive predictors of resources for positive well-being were living in the
city, being socially embedded (as indexed by the number of children alive), pre-
served functional health (Activities of Daily Living), engagement in life, cognitive
fitness (Mini-Mental State, word fluency), and self-rated health. As expected, the
largest standardized beta weight was found for subjective health (beta β = 0.28), but
beta weights of the Mini-Mental State (β = 0.16), living in the city (β = 0.15), and
engagement in life (β = 0.14) were also considerable. Being a man, living in the city,
having higher social integration, preserved functioning (good hearing, ADL), cogni-
tive fitness, and higher self-rated health uniquely predicted higher resources against
negative well-being. Again, the beta weights for subjective health were largest (β =
0.17) for this dimension, whereas all other beta weights were rather small (ranging
from β = 0.08 for word fluency to β = –0.04 for hearing).

20.5 Discussion

Our findings point to the existence of the well-being paradox in this Chinese sample
of the oldest old. Despite constraints in objective life conditions (e.g., functional
health), long-lived individuals showed reasonably high levels of psychological re-
sources linked to the capacity of well-being. Differences between the three age
cohorts of octogenarians, nonagenarians, and centenarians were present, but were
relatively small. Selective mortality and individual differences in life-history and
life-context factors accounted for substantial amounts of variance in the potential
for well-being.

Overall, our analyses suggest that psychological processes associated with max-
imizing positive and minimizing negative well-being remain reasonably intact in
advanced old age. Even among centenarians, the psychological system associated
with sustaining well-being appears to be functional. At the same time, however,
these results need to be interpreted in the context of the sample selectivity effects
we report. Selectivity leads to an underestimation of actual losses associated with
age-related change at the population level of the remaining portion of a given birth
cohort in very old age. This is so because the less functional individuals in an age
group are more likely to drop out. In addition, selectivity indicates that distance
from death is associated with less efficacy of the psychological system linked to
well-being. In future work, it will be important to more thoroughly attempt to sepa-
rate the effects age-associated processes from mortality-associated processes.

We defined two sets of psychological resources that contribute to sustaining well-
being by maximizing positive aspects of life (e.g., conscientiousness, optimism,
personal control, and a positive perception of aging) and minimizing negative



342 J. Smith et al.

aspects (dealing with loneliness, maintaining self worth, and regulation of anxiety).
The idea that personal well-being is multidimensional and that it reflects a positive
balance of cognitive evaluations of life and emotional experience is well-established
in the literature (e.g., Diener et al. 1999; Kahneman et al. 1999; Lawton 1991).
Our definition of psychological resources and processes associated with well-being,
however, was constrained by the items included in the CLHLS. Investigating well-
being in the oldest old was not the primarily goal of the CLHLS.

Nevertheless, the seven items available in the survey do indicate key psycho-
logical resources that have been previously been highlighted in the gerontological
literature as predictors of well-being and longevity, and our findings are theory
consistent. Conscientiousness, for example, which was predictive of longevity in
the Terman sample (Friedman et al. 1995) indicates a responsible well-organized
lifestyle and a degree of self-discipline needed to deal with all the challenges of
a long life. Optimism and a sense of personal control over the things that happen
in one’s life add positive future-oriented motivational resources to a conscientious
lifestyle and probably ensure some aspects of variety to life routines and activities
(see also Maruta et al. 2000). Minimization of anxiety, fear, and loneliness have
been shown to have positive effects on the immune system (e.g., Kiecolt-Glaser
et al., 2002), to reduce stress, and to foster well-being and health (e.g., Ryff and
Singer 1998). Finally, the two items in the CLHLS which assess whether individuals
perceive that, despite getting older, they have maintained a degree of happiness and
sense of self-worth, were extracted from a PGCMS subscale (Lawton 1975) previ-
ously found to predict survival in the Berlin Aging Study (Maier and Smith 1999)
and in the Ohio Longitudinal Study of Aging (Levy et al. 2002).

The limitations of the CLHLS data on psychological functioning are more than
outweighed by its strengths. On the limitation side, one would have wished to have
available a more comprehensive measurement battery to index not only psycho-
logical resources linked to well-being but also status on multiple components of
well-being. Additional cognitive measures sensitive to average and higher levels of
cognitive functioning (i.e., beyond the level of functioning assessed by the MMSE)
would have allowed us to better differentiate individuals in terms of average and
successful aging.

In terms of its strengths, the CLHLS offers a unique data set with large subgroup
sizes at the oldest old ages to shed light on the differential impact of advanced
age and selectivity. Furthermore, the CLHLS comprises a partially representative
sample of octogenarians, nonagenarians, and centenarians in a non-Western coun-
try. As a consequence, the longitudinal data provide insight into the definition and
mechanisms underlying the effects linked to social and economic status as well
as technological and political changes. We also want to highlight the surprising
similarity between our findings in these Chinese data about correlates of individual
differences in the availability of resources for sustaining well-being and results from
other countries (see Antonucci et al. 2002). This lends support to theories about
successful aging and speaks to the universal nature of contributing factors includ-
ing psychological resources, health, social integration, and engagement in life. The
CLHLS provides a wealth of opportunities for future analyses to test hypotheses



20 Differential Effects of Age and Selective Mortality on Well-Being 343

about determinants of longevity and life quality among the oldest old and also to
distinguish sources of heterogeneity in this period of life (e.g., biological, social,
age-related, and death-related). Such future work will further our understanding of
how individuals age differently at the end of life.

Appendix

Table 20.5 Intercorrelations among the constructs entered INTO hierarchical regression analyses
to predict resources for positive well-being and against negative well-being in the 2-wave sample
of the Chinese Longitudinal Healthy Longevity Study

1 2 3 4 5 6 7 8 9 10 11 12 13

1. Resources
for positive
well-being

–

2. Resources
against negative
well-being

0.21a –

3. Age −0.7 −0.9 –
4. Men/women −0.7 −1.4 0.17 –
5. Urban/rural −2.0 −0.8 0.13 0.3 –
6. No school/
school

0.12 0.13 −1.9 −5.4 −1.9 –

7. Number of
children alive

0.09 0.07 −1.2 −1.6 0.2 0.13 –

8. Poor vision/
good vision

−1.0 −1.1 0.18 0.13 0.06 −1.1 −0.7 –

9. Poor hearing/
good hearing

−1.0 −1.0 0.21 0.10 0.05 −1.2 −0.6 0.18 –

10. ADL 0.08 0.13 −2.4 −1.3 .01 0.10 0.05 −2.5 −2.3 –
11. Engagement
in life

0.25 0.13 −3.3 −1.6 −1.4 0.28 0.12 −2.7 −1.6 0.28 –

12. Mini-Mental
State

0.27 0.18 −3.5 −2.7 −1.3 0.30 0.13 −.32 −.37 0.32 0.36 –

13. Word fluency 0.19 0.16 −2.1 −1.4 −0.9 0.19 0.08 −1.3 −1.6 0.16 0.25 0.34 –
14. Self-rated
health

0.34 0.23 −0.3 −1.0 −0.4 0.10 0.05 −1.2 −1.1 0.19 0.19 0.23 0.16

N = 4006.
a The correlation at the manifest level is somewhat lower than those reported from the LISREL
models carried out at the latent level. Correlations that were not significantly different from zero at
p < .01 or below, in italics.
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Chapter 21
An Exploration of the Subjective Well-Being
of the Chinese Oldest-Old

Deming Li, Tianyong Chen and Zhenyun Wu

Abstract The research reported in this chapter focuses on subjective well-being,
including life satisfaction and affective experience, among the oldest-old, and re-
lated factors, as compared to the young-old. A large sample was used from the Chi-
nese Longitudinal Healthy Longevity Survey (CLHLS) conducted in 2002, which
included 11,175 oldest-old (aged 80–120) and 4,845 young-old (aged 65–79). The
results indicate that the average rating scores of life satisfaction and affective ex-
perience in the Chinese oldest-old were well above the neutral level. Self-reported
life satisfaction remained constant or slightly increased with age, while scores of
affective experience decreased with age. Subjective well-being was influenced by
demographic variables (e.g., sex, education, residence, financial source, and living
arrangement), and social supports from family members, friends or neighbors, and
social workers. We discuss the implications of these results.

Keywords Affective experience, Age, ANOVA, Bivariate analysis, Chinese oldest-
old, Demographic variables, Factor analysis, Life satisfaction, Oldest-old, Rat-
ing scores, Self-reported life satisfaction, Social support, Subjective well-being,
Young-old

21.1 Introduction

Subjective well-being refers to people’s cognitive and emotional evaluations of their
lives (Andrews and Withey 1976; Diener 2000). That is, a happy man or woman
should have relatively high life satisfaction and a pleasant affective experience
(more positive and less negative affect). Previous studies have shown that subjective
well-being (especially life satisfaction) remains stable throughout adulthood and
does not show large negative age differences even at very old ages (e.g., Diener
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and Suh 1997; Smith et al. 1999). The absence of notable relationships between
age and subjective well-being, despite social losses and an increase in physical
and cognitive declines with age has been widely regarded as a paradox (Baltes and
Baltes 1990). However, some studies have revealed that not all dimensions of sub-
jective well-being demonstrate such age-related stability. For instance, some studies
showed that only some dimensions of subjective well-being remained stable, while
others declined with age (Cheng 2004; Kunzmann et al. 2000). In the first part of
the research we report in this chapter, we examine the relationship between age
and different dimensions of subjective well-being using a large sample from the
Chinese Longitudinal Healthy Longevity Survey (CLHLS) conducted in 2002; this
is the largest longitudinal study of oldest-old people in a developing country (Zeng
et al. 2002).

Population aging is a serious issue in China, and it will be more serious with the
rapid growth of the elderly population (for more discussion, see chapter 1 in this
book by Poston and Zeng). The proportion of the population aged 60 and above
increased from just over 6 percent in 1964 to more than 10 percent in 2000, and
is expected to reach nearly 28 percent in 2050. Meanwhile, the population of the
oldest-old increased more rapidly than that of the young-old. At present, the pro-
portion of the oldest-old aged 80 and above is 10 percent of the total elderly pop-
ulation, but it could reach 20 percent in 2050 (Wu and Du 2002). In recent years,
Chinese psychologists have paid more attention to subjective well-being and related
factors in elderly people. However, most studies have focused on the young-old;
very few have considered the subjective well-being of the Chinese oldest-old. There
have been a few studies of the subjective well-being of the oldest-old in western
nations (e.g., Kunzmann et al. 2000; Smith et al. 1999), but the results should not
be extended to different cultures such as in China. Thus, in the second part of this
chapter, we examine the life satisfaction and affective experience of the Chinese
oldest-old and the factors related thereto, in comparison with the young-old.

21.2 Measures and Methods

21.2.1 Sample

We use data from the third wave of the CLHLS conducted in 2002, which included
11,175 oldest-old aged 80 and above, as well as 4,845 young-old aged 65–79. This
survey collected a wide range of information about the oldest-old in China, such as
their demographic data (presented in Table 21.1), social supports, and psychological
characteristics. For the first time, this survey provides us with a complete profile of
the oldest-old in China. In this chapter, we focus our analyses on oldest-old respon-
dents aged 80 and above, as compared with young-old respondents.

Up to 2,511 respondents (15.7 percent of total participants) could not answer all
eight questions on life satisfaction and affective experience. The proportion missing
increased with age. That is, 11.5 and 28.3 percent of the oldest-old missed reporting
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Table 21.1 Descriptive statistics, CLHLS 2002

Variable Frequency Percent

Age
80–89 4,239 37.9
90–99 3,747 33.5
100+ 3,189 28.5

% female 6,787 60.7
Education

0 years 7,509 67.2
1–6 years 2,729 24.4
6+ years 836 7.5
Missing 101 0.9

Residence
City 2,653 23.7
Town 2,584 23.1
Rural areas 5,938 53.1

Main financial source
Own or spouse 1,728 15.5
Children or relatives 8,318 74.4
Government or others 1,129 10.1

Living arrangement
Household member 8,979 80.3
In elderly home 633 5.7
Alone 1,563 14.0

% living with spouse 1,796 16.1

their life satisfaction and affective experience, respectively, compared with 0.6 and
11.9 percent of the young-old. Further analysis indicated that respondents could
not answer questions mainly because of hearing loss, cognitive impairment, and/or
other diseases (73.0 percent of missing values), and illiteracy (75.2 percent of the
missing values). It is important to note that above two reasons (i.e., physical loss
and illiteracy) overlapped each other, and account for 79.1 percent of the missing
values.

21.2.2 Measures

Self-reported life satisfaction in the CLHLS was measured by a single question,
namely, “how do you feel about your life?” Five levels of responses were given, i.e.,
very good, good, so so, bad, and very bad. Affective experiences were measured by
seven questions, as follows: (1) “Do you always look on the bright side of things?”
(2) “Do you like to keep your belongings neat and clean?” (3) “Do you often feel
anxious or fearful?” (4) “Do you often feel lonely and isolated?” (5) “Can you make
your own decisions concerning your personal affairs?” (6) “Do you feel useless with
age?” and (7) “Are you as happy now as when you were when you were younger?”
Five levels of responses were given, i.e., always, often, sometimes, seldom, and
never. Respondents were asked to choose one of the five options. The scores of



350 D. Li et al.

negative questions (i.e., question 3, 4, and 6) were reversed to positive scores (i.e., a
higher score represents a less negative affect). Therefore, for all of the above eight
questions of life satisfaction and affective experience, higher scores represent better
subjective well-being.

Social support contained three questions, i.e., (1) “With whom do you chat with
most?” (2) “With whom do you confide?” and (3) “Whose help do you ask for
first when you are in trouble?” For the three questions, five response options were
given, i.e., spouse, family members, friends or neighbors, social workers, and no
one. Respondents were required to choose one of the five options.

21.2.3 Method

Our analysis consists of two parts. In the first part, exploratory factor analysis was
employed to determine the dimensions of the measures of subjective well-being;
then the relationship between age and the different dimensions of subjective well-
being were explored. Second, a series of ANOVA analyses were presented to exam-
ine the effects of demographic variables and social support on life satisfaction and
affective experience among the oldest-old, as compared to the young-old.

21.3 Results

21.3.1 Age and Different Dimensions of Subjective Well-Being

An exploratory factor analysis (with promax rotation to allow for correlated fac-
tors) was conducted on the seven affective variables to determine the distinct factors
represented in the data. Two factors were identified with eigenvalues greater than
one. The variables with the largest loadings on the first factor were questions 3, 4,
and 6 (negative questions). Variables with the largest loadings on the second factor
were questions 1, 2, 5, and 7 (positive questions). Therefore, it is reasonable to take
the first factor as the negative affect of subjective well-being, and the second as the
positive affect of subjective well-being.

Mean scores of life satisfaction, positive affect, and negative affect by age groups
are displayed in Fig. 21.1. Consistent with previous studies, all means were above 3
(i.e., the neutral level). However, mean scores of life satisfaction remained constant
or increased slightly with age, while the mean scores of positive affect and (lack
of) negative affect decreased with age. That is, the older respondents reported con-
stant (or a bit more) life satisfaction, less positive affect, and more negative affect,
compared to the younger respondents.

The values of seven questions of affective experience in Table 21.2 also show that
almost all the proportions of scores “1,” “2,” and “3” (representing worse and neutral
affective experience) among the oldest-old were higher than among the young-old,
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Fig. 21.1 Relation between age and mean scores of life satisfaction, positive affect, and negative
affect. The scores of negative questions were transferred to positive scores (i.e., higher scores
represent less negative affects)

while the proportions of score “4” and “5” (representing better affective experience)
among the oldest-old were lower than among the young-old. A chi square test in-
dicated that the differences between the oldest-old and the young-old on the seven
questions of affective experience, as well as on the question of life satisfaction, were
all significant. Because all the seven affect variables had a similar relationship with
age, they were averaged to obtain one composite score in the following analysis,
which represents affective experience.

Table 21.2 Comparison of life satisfaction and affective experience between oldest-old and young-
old (%)

Variables Oldest-old Young-old χ2

1 2 3 4 5 1 2 3 4 5

Life satisfaction 1.1 6.3 31.3 47.3 14.0 0.7 5.6 35.4 44.0 14.2 31.36∗∗∗

Affective experience
Look on the bright side 0.4 4.7 18.2 66.4 10.2 0.5 4.2 17.1 66.6 11.6 9.88*
Keep neat and clean 0.1 1.9 24.1 60.6 13.3 0.1 1.0 22.2 61.8 14.9 27.24∗∗∗

Feel anxious or fearful 1.2 4.2 23.7 35.7 35.2 1.0 3.4 19.9 36.2 39.5 42.94∗∗∗

Feel lonely and isolated 2.3 7.1 27.2 30.2 33.2 1.8 4.5 20.1 31.2 42.4 179.34∗∗∗

Make own decisions 5.8 12.9 25.8 25.4 30.0 3.6 7.6 17.9 26.2 44.8 394.94∗∗∗

Feel useless with age 10.2 18.5 38.1 18.1 15.1 8.1 12.6 35.5 21.8 22.0 200.36∗∗∗

Happy as younger 8.8 25.3 25.1 12.3 28.5 7.8 21.9 24.1 13.2 33.1 44.77∗∗∗

The scores of negative questions were transferred to positive scores (i.e., higher scores represent
less negative affect); the percentage for each variable should add up to 100, but some categories
may not due to rounding
∗ p < 0.05, ∗∗∗ p < 0.001
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21.3.2 Subjective Well-Being and Demographic Factors

Table 21.3 shows that a relatively higher proportion of the oldest-old were females
and illiterate (49.8 and 48.4 percent, respectively) compared to the young-old. More-
over, the oldest-old also had a lower proportion with pensions and living with a
spouse (47.4 and 59.9 percent, respectively) compared to the young-old. Meanwhile,
slightly more oldest-old lived alone and in elderly homes (or nursing home) than the
young-old (12.3 and 2.2 percent, respectively).

The effects of demographic variables on life satisfaction and affective experience
were analyzed using ANOVA. The results were as follows. Life satisfaction was
similar for oldest-old males and females, but scores for males’ affective experience
were significantly higher than for females. The life satisfaction and affective expe-
rience scores of the well-educated oldest-old were significantly higher than for the
poorly educated oldest-old; life satisfaction and affective experience scores for illit-
erate individuals were the lowest. Life satisfaction and affective experience scores
for the oldest-old were also different based on residence, i.e., they were highest in
cities, lowest in rural areas and in between in towns. The oldest-old who received
their main financial support from a spouse or who provided their own (main) fi-
nancial support had the highest life satisfaction and affective experience scores.

Table 21.3 The effects of demographic variables on life satisfaction and affective experience in
the oldest-old

Variables Life satisfaction Affective experience

M SD F M SD F

Sex 1.91 151.04∗∗∗

Male 3.68 0.82 3.75 0.58
Female 3.66 0.84 3.59 0.59

Education 34.19∗∗∗ 130.11∗∗∗

0 years 3.64 0.84 3.60 0.58
1–6 years 3.67 0.82 3.73 0.58
6+ years 3.90 0.83 3.89 0.58

Residence 61.67∗∗∗ 190.88∗∗∗
City 3.82 0.85 3.86 0.59
Town 3.69 0.83 3.67 0.58
Rural areas 3.59 0.82 3.56 0.57

Main financial source 79.63∗∗∗ 180.87∗∗∗
Own or spouse 3.85 0.82 3.91 0.57
Children or relatives 3.66 0.81 3.60 0.58
Government or others 3.43 0.93 3.64 0.59

Living arrangement 138.40∗∗∗ 37.81∗∗∗
Household member 3.71 0.81 3.67 0.58
In elderly home 3.85 0.77 3.75 0.59
Alone 3.34 0.91 3.53 0.61

Lived with spouse 1.59 139.66∗∗∗
Yes 3.64 0.84 3.81 0.57
No 3.67 0.83 3.62 0.59

∗∗∗ p < 0.001
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Life satisfaction scores were in the middle for the oldest-old who received their
main finances from children or relatives, but their affective experience scores were
the lowest. Life satisfaction and affective experience scores also varied based on
the living arrangements of the oldest-old. The lowest scores were for those who
lived alone, the highest for those who lived in an elderly home (or nursing home),
and they were in between for those who lived with a household member. Finally,
life satisfaction and affective experience scores were higher for the oldest-old who
lived with as opposed to without a spouse. The results, taken together, show that
demographic factors have a significant effect on the life satisfaction and affective
experiences of the oldest-old.

The effects of demographic factors on life satisfaction and affective experience
among the young-old were similar to those among the oldest-old. However, the
young-old who lived with household members had the highest life satisfaction and
affective experience scores (3.69 and 3.85, respectively).

21.3.3 Subjective Well-Being and Social Support

As shown in Table 21.4, well-being was the highest among the oldest-old who asked
household members for help. However, it was higher for the young-old who asked a
spouse for help (44.2, 50.2, and 32.2 percent for questions 1, 2, and 3, respectively).
In addition, the proportion who asked a social worker for help was a little higher for
the oldest-old than for the young-old.

Table 21.4 The effects of social support on life satisfaction and affective experience in the
oldest-old

Variables Percent Life satisfaction Affective experience

M SD F M SD F

Chat with whom 46.99∗∗∗ 52.05∗∗∗

Spouse 11.6 3.65 0.84 3.82 0.57
Household members 50.9 3.75 0.78 3.62 0.57
Friends and neighbors 25.9 3.60 0.87 3.70 0.59
Social workers 1.8 3.90 0.73 3.72 0.57
No one 9.8 3.36 0.93 3.44 0.64

Confide with whom 71.49∗∗∗ 42.55∗∗∗
Spouse 12.5 3.64 0.84 3.83 0.57
Household members 68.5 3.73 0.79 3.64 0.57
Friends and neighbors 8.4 3.48 0.90 3.63 0.61
Social workers 2.2 3.91 0.75 3.72 0.56
No one 8.3 3.26 0.98 3.48 0.68

Ask for help from whom 76.78∗∗∗ 29.31∗∗∗
Spouse 6.7 3.60 0.86 3.85 0.58
Household members 84.0 3.70 0.80 3.65 0.58
Friends and neighbors 2.1 3.22 1.02 3.53 0.60
Social workers 4.2 3.82 0.83 3.75 0.60
No one 3.0 2.96 1.03 3.45 0.71

∗∗∗ p < 0.001
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ANOVA analysis showed that life satisfaction and affective experience scores
were higher for the oldest-old who often chatted with someone, confided in some-
one, and got help from someone when they were in trouble, while the scores were
lower for the oldest-old who had no one to chat with, to confide in, or to get help
from. It is important to note that the life satisfaction scores were the highest for the
oldest-old who obtained support from social workers, while the scores for affective
experience were the highest for the oldest-old who obtained support from a spouse.
Ten percent of the oldest-old had no one with whom to chat or confide in, and
3 percent could not get help from anyone. These results as a whole suggest that
the life satisfaction and affective experience among the oldest-old were affected
significantly by social supports. Social workers play an important role in helping
the oldest-old improve their life satisfaction and affective experience, in addition to
family members, relations, friends, and neighbors.

The effects of social supports on life satisfaction and affective experience among
the young-old were similar to those among the oldest-old. We note, however, that
the scores of life satisfaction and affective experience were the highest among the
young-old who got the support from a spouse.

21.4 Discussion

Data used in this article are from the third wave of the CLHLS conducted in 2002,
the first year that young-old people aged 65–79 were included along with the oldest-
old aged 80 and older. This expansion of the CLHLS made it possible for us to
focus in this chapter on life satisfaction and affective experience and related factors
among the oldest-old compared to the young-old. The large sample of 16,020 elderly
people was collected from about half of the counties and cities in 22 of the 31
provinces in China. Eight questions represent a global judgment of life satisfaction
and affective experience (i.e., positive and negative affect) which we used to explore
life satisfaction and affective experience.

This chapter used bivariate analyses and is thus mainly descriptive. The relation-
ships between variables might well be changed when the effects of other factors are
introduced, as in a future multivariate analysis.

The results indicated that the average life satisfaction and affective experience
scores among most of China’s oldest-old were well above the neutral level. Life
satisfaction remained constant or mildly increased with age, while affective expe-
rience apparently decreased with age (i.e., less positive affect and more negative
affect). These results are very different from those found in western nations. For
instance, Kunzmann et al. (2000) found that age was negatively related to positive
affect and unrelated to negative affect. However, our previous studies have produced
similar results to the study reported in this chapter. For instance, Li et al. (2006b)
found that most elderly (2,225 respondents, aged 60–99) in seven Chinese cities,
had a relatively high life satisfaction. Furthermore, material-life satisfaction scores
tended to increase with age, and with increasing age mood trended towards quiet
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and contentment. On the other hand, spirit-life satisfaction scores decreased with
age, and the influence of children also faded with age. These data, together with
the results of the research reported here, suggest that the oldest-old in China are
more satisfied with their lives (they have a higher material-life satisfaction) than
the young-old, and have less positive affect and more negative affect (low spirit-life
satisfaction).

In this research, we also analyzed possible factors which might explain the dif-
ferences in life satisfaction and affective experience of the oldest-old. We found
that life satisfaction and affective experience were influenced significantly by demo-
graphic variables. The oldest-old people with a relatively high life satisfaction and
a pleasant affective experience were well-educated, lived in a city, were financially
self sufficient (mainly supported by one’s own pension or that of a spouse), lived
with a spouse, and resided in an elderly home. However, the oldest-old who were
illiterate, lived in rural areas, and were supported by the government or in some other
way, had a relatively low life satisfaction and unpleasant affective experience. These
results are consistent with our previous studies (Li et al. 2005, 2006a). It important
to note that the oldest-old who lived in an elderly home, as well as the young-old
who lived with household members, have the highest life satisfaction and affective
experience. This result suggests that living in a nursing home (elderly home) rather
than living alone might be a better choice for some oldest-old people. We also found
that elderly people who lived in rural areas, and whose main source of support was
from the government had a lower life satisfaction and affective experience. This
indicates that some oldest-old people are unable to get sufficient financial support
from the government or from other sources. Therefore, the government and society
should pay more attention to the well-being of the elderly, especially the oldest-old
who lack financial independence, particularly those who live in rural areas.

Finally, our results indicated that life satisfaction and affective experience among
the oldest-old were also affected significantly by social supports. It should be em-
phasized that social workers played a very positive role in helping the oldest-old
improve their life satisfaction and affective experience, in addition to family mem-
bers, relatives, friends, and neighbors. Although social workers are presently not
that popular in China, it is the duty of the government and society to set up a system
of social work to help the elderly, especially the oldest-old, to achieve well-being
and to be able to age successfully.
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Chapter 22
Social Support and Self-Reported Quality
of Life: China’s Oldest Old

Min Zhou and Zhenchao Qian

Abstract In this chapter, we explore how social support affects self-reported qual-
ity of life for the elderly (aged 80 and above) in China. We use data from the first
wave of the Chinese Longitudinal Healthy Longevity Survey (CLHLS) conducted
in 1998. Our results show clearly that all sources of social support are beneficial to
quality of life. One’s living arrangement, as one measure of social support, plays
an important role. The elderly who live alone report the lowest quality of life. Para-
doxically, the elderly who live in nursing homes report a higher quality of life than
those living with children. We examined this paradox by comparing the differences
in characteristics of those living in nursing homes and those living with children. Fi-
nally, we discuss the implications of these results for societies that are experiencing
rapid aging as a result of sharp fertility declines.

Keywords Chinese oldest-old, Filial piety, Living arrangement, Nursing homes,
Objective activities, Oldest-old, Perceived support, Rapid aging, Social support,
Social structure, Self-reported quality of life, Type of social support

22.1 Introduction

Social support has long been known to affect an individual’s emotional and physical
health and general well-being (Dean et al. 1990). Social support can be a buffer
against stress, protect people against developing illnesses, provide emotional sup-
port, and increase the life span (Ross and Mirowsky 2002). The elderly tend to have
a better quality of life if they receive regular care and support from family members
as well as from friends and peers (Matt and Dean 1993). Yet, social support has
multiple dimensions; different sources of social support may have varying effects
on the quality of life for the elderly.
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Social support for the elderly involves both objective and subjective activities
(Turner and Marino 1994). Elderly people living with children or other family mem-
bers, for example, should have regular interactions with family members and receive
physical and emotional support. These objective activities are expected to increase
their quality of life. Meanwhile, some elderly individuals live independently, but the
simple belief that family members would take care of them when they are ill is likely
to shape their positive attitudes. In the research reported in this chapter, we examine
both dimensions of social support on perceived quality of life for the elderly. Specif-
ically, we pay special attention to the oldest old (aged 80 and above) and compare
self-reported quality of life for those living with children and those living in elderly
(nursing) homes1. Most research on social support and quality of life has focused
on developed countries. Here we use data from the Chinese Longitudinal Healthy
Longevity Survey (CLHLS) to examine this relationship in a different social setting.
We address three main questions: (1) What is the self-reported quality of life like
among China’s oldest old? (2) How do objective and subjective dimensions of social
support affect self-reported quality of life? And (3) Do elderly people who receive
social support from families have a higher quality of life than those who receive
social support from peers?

22.2 China’s Oldest Old

The elderly population in China has been growing rapidly as a result of a sharp
decline in fertility (Ogawa 1988; Zeng and George 2000; see also the discussion
in Chap. 1 of this book by Poston and Zeng). The proportion of the population
aged 60 or over increased from just over 7 percent in 1953 to more than 10 percent
in 2000, and is projected to reach 27 percent in 2050 (Riley 2004). Whether the
well-being of this rapidly increasing elderly population can be improved or even
maintained has become a primary concern in Chinese society. In contrast to the
situation in Western countries where retirees can rely in part on social security, the
primary caretaker of the elderly in China is the family, and not the society. The lack
of governmental support and an underdeveloped social security system mean that
Chinese elderly must rely on their children’s financial and social support to avoid
economic hardships. In other words, the well-being of the Chinese elderly depends
on whether they have children and how willing and able the children are to support
their aging parents.

In China, filial piety is paramount. In a survey based in the city of Baoding,
Whyte (1997) found that sentiments of filial obligation remain robustly intact among
young people. They feel ashamed and are looked down on if their aging parents live
alone or in nursing homes. Although stress and tension are common in extended fam-
ilies, the elderly parents often live with their children to conform to the social norms.
The increase in life expectancy in recent decades means that families must live in such

1 In the research reported here, most of the elderly who live in nursing homes do not have children.
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arrangements for a very long time. Adult children, burdened by such arrangement
especially when the aging parents become more dependent, may seek alternatives
(Zeng et al. 2001). In reality, it is increasingly difficult to live in extended family
settings because of the sharp decline in fertility. In Chinese cities where the one child
per family policy has been in place for a long time, it is almost impossible for married
couples (only children of their parents) to care for both sets of elderly parents. More
elderly parents must choose to live alone or live in nursing homes.

22.3 Previous Research

Historically, and still today in many developing countries, an important goal of hu-
man reproduction has been old age support. Parents invest time and money to bear
and raise children with the expectation that the children will, in turn, care for them
when they are old. Whether the elderly later receive care tends to affect their quality
of life. Scholars label this behavior as “reciprocity,” that is, the normative obliga-
tion to assist people who have provided help to them (Finch 1989; Gouldner 1960;
Horwitz et al. 1996). The elderly with no living children, however, cannot have such
reciprocity. Thus, the elderly with living children should exhibit high levels of life
quality as the investment to bear and rear children is paid back. We hypothesize that
elderly with children are more likely to report a higher quality of life than childless
elderly.

22.3.1 Social Support and Living Arrangement

Social support from children is essential to the well-being of elderly parents. Al-
though the elderly in developed countries mostly live with their spouses or, if not
married, live alone, it is customary for elderly parents in developing countries to
reside with at least one child (Kramarow 1995). A study in Baoding, China finds
that intergenerational support among families is the major source of old age secu-
rity (Sun 2002). Living with children, an objective measurement of well-being, is
expected to increase the quality of life (Hochschild 1973). However, a decline in
fertility that has occurred in many parts of the world suggest that parents may no
longer expect to rely fully on their children’s support at older ages (Caldwell 1982).
This is especially so in developed countries. Elderly parents may become increas-
ingly unwilling to live in extended families. The elderly with sufficient economic
means may in fact prefer to live alone so they can have their freedom and privacy
and enjoy a better quality of life (Kramarow 1995).

Fertility decline has become widespread in developing countries, but living stan-
dards for the elderly and cultural norms about elderly living arrangements have not
changed significantly. Living with children remains the most popular living arrange-
ment. In such an arrangement, parents receive goods and services that they otherwise
might have to purchase, while adult children may benefit from childcare and other
household services (DaVanzo and Chan 1994). In addition, filial piety is the norm in
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many developing countries. As a result, most elderly parents in developing countries
live with their children (Logan et al. 1998). It is unclear, however, whether changes
in living arrangements are likely to occur in the future. In other words, it remains to
be seen whether patterns will become closer to those observed in the United States
and other developed countries where elderly parents with financial means are willing
and increasingly likely to live on their own (Kramarow 1995). Why would elderly
parents opt out to live on their own? One likely answer is that the quality of life may
not be optimal among those living with children. Indeed, familial support does not
always correspond with increasing quality of life among the elderly (Arling 1976;
Wood and Robertson 1978). Some argue that voluntary interpersonal attachments
such as friendships have a stronger positive association with self-reported quality of
life compared to involuntary social ties, such as kinship bonds (Ellison 1990; Wood
and Robertson 1978). In other words, elderly who are stuck with their children at
home may not be happy with such an arrangement because family relationships can
be potentially complicated and intergenerational conflicts may surface. This can be
true as well in China under certain circumstances. A recent study shows that living
arrangements among China’s oldest old may change over time if the elderly suffer
from health deteriorations or have lost their spouses (Zimmer 2005). A primary
reason for such changes is that their children feel a tremendous burden and stress to
deal with such difficult situations. Nursing homes or elderly homes, once thought to
be a place for those without children, may become a viable option.

Although living in nursing homes is generally viewed negatively, this arrange-
ment may strengthen family ties and renew closeness between the elderly parent and
the adult child. If elderly parents and children can afford the cost, living in a nursing
home may alleviate some of the strains and pressures caused by living together
(Smith and Bengtson 1979). What matters most in this scenario is whether children
pay regular visits to the elderly. Elderly parents living in nursing homes with fre-
quent visits from children and grandchildren may report an increase in their quality
of life because family visits raise their status and generate respect among their peers.
Meanwhile, they also engage in frequent interactions with peers and friends to share
common concerns and problems —another positive dimension that is shown to im-
prove their quality of life (Matt and Dean 1993). Thus, living in nursing or elderly
homes may lead to an increased sense of belonging and self-worth, which would
promote positive attitudes toward life. We hypothesize that the elderly living in
nursing or elderly homes may report a better quality of life than those residing with
children when all other relevant factors are taken into account. In a society in which
it is culturally unacceptable for elderly people with living children to live alone,
living alone without strong financial stability may result in the lowest quality of life.

22.3.2 Perceived Support and Resources

In addition to objective measures of social support (family and peers), subjec-
tive appraisal of support is also an important dimension of social support (Turner
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and Marino 1994). Wethington and Kessler (1986) have presented evidence that
perceived support is more important than received support in buffering the effect
of stressful events. Knowing that support is available will reduce negative emo-
tional and behavioral responses to stressful events and will promote health (Veiel
and Baumann 1992). For the elderly, the thought of being cared for when sick can
be an important predictor of life quality. But there is a relationship between receiv-
ing and perceiving support (Turner and Marino 1994). The elderly who live with
families and peers or receive frequent visits from their children may form the strong
perception that they will continue to receive support and care, which leads to better
life quality.

22.3.3 Social Support and Social Structure

In many developing countries, such as China, there are pervasive urban and ru-
ral differences, and these usually reflect different access to educational and career
opportunities, health care, financial support, and housing (Lin 1995). Urban resi-
dents usually have access to much better health care and public pensions than rural
residents. However, fertility rates are lower in urban than in rural areas. This may
increase the likelihood of rural elderly residents living with one of their children
compared to urban elderly residents. Therefore, we expect that urban elderly may be
more likely to live in nursing homes than their rural counterparts. The rural elderly
living in nursing homes may be more selective and consist mostly of those with no
living children. For these reasons it is important to control for place of residence.

Prior educational and occupational achievements measure a person’s socioe-
conomic status, which is a direct indicator of how well an elderly person can
support him or herself and, thus, how much he or she requires financial sup-
port from the children. With other variables such as health taken into account,
the relationship between education and quality of life is indeed very strong. Ed-
ucation improves well-being because it provides access to paid work and eco-
nomic resources that increase sense of control, as well as providing access to
stable social relationships (Ross and Willigen 1997). In addition, well-educated
people are more likely to have stable social relationships with their marriage part-
ner and their children, both of which are positively associated with quality of life
(Ross and Willigen 1997).

Occupation is expected to play a similar role. Those in professional jobs be-
fore retirement are likely to have a better quality of life compared to those in non-
professional jobs.

22.3.4 Health and Quality of Life

Physical conditions may influence both social support and quality of life. El-
derly with mental or physical illnesses are most likely to need assistance and
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support. These needs may increase the burden on family members and amplify
intergenerational conflicts, which can lead to a lower quality of life. Moreover, they
may lack access to daily activities such as entertainment and social interactions with
friends that more active elderly people have, which decreases subjective well-being
(Mutran and Reitzes 1984). Therefore, healthy elderly are expected to have a higher
quality of life than their less healthy counterparts.

22.4 The Current Study

To summarize, our goal is to examine how different dimensions of social support af-
fect the quality of life of China’s oldest old. We argue that one’s living arrangement
is an important form of social support. Despite the social norm that adult children
are responsible for caring for elderly parents, a growing percentage of the Chinese
elderly live in nursing homes. We hypothesize that the elderly residing in nursing
homes and reporting frequent visits from children report a better quality of life than
those who live elsewhere, or who are not visited frequently by their children. We
also hypothesize that elderly living alone should report the lowest quality of life.

In addition, perceived social support is an important factor predicting quality of
life. We hypothesize that those with perceived support are more likely to report a
better quality of life than those without such support. We recognize the importance
of urban/rural residence in affecting the well-being of the Chinese elderly. Urban
residents (who often have some level of educational attainment and well-paid jobs
before retirement) are more likely to have financial resources and have been more
“successful” in raising financially stable children compared to rural residents. Thus,
we hypothesize that urban elderly will report a better quality of life than rural
elderly.

The relationship between social support and quality of life has been well studied
in developed countries. But to our knowledge, few studies have examined this rela-
tionship for the subpopulation of the oldest old in China. The research we report in
this chapter is an attempt to fill this void. It will provide some implications for policy
makers in their addressing of aging issues in a society that is aging at a fast pace.

22.5 Data and Methods

We use data from the first wave of the Chinese Longitudinal Healthy Longevity
Survey (CLHLS) conducted in 1998. The survey was administered to 9,093 respon-
dents from 631 randomly selected counties and cities from 22 of the 31 provinces
in China. The questionnaire covers many aspects concerning the oldest-old Chi-
nese, such as their socioeconomic status, living arrangements, family structure and
support, daily activities, and health status. We restrict our analyses to respondents
between the ages of 80 and 110. The final sample contains 7,871 elderly Chinese
respondents.

The CLHLS over-sampled extremely old persons such as centenarians and nona-
genarians, and over-sampled oldest old males, because there are fewer persons at the
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more advanced ages, and fewer males than females (Zeng et al. 2001). Therefore,
appropriate weights will be used in the analyses.

22.5.1 Measuring Quality of Life

“Quality of life” is a term used loosely to indicate general well-being (Haug and
Folmar 1986). Indicators of a good quality of life include health, sufficient funds,
absence of psychological distress, and availability of supportive family and friends
(Dowd and Bengtson 1978). One important aspect of quality of life is subjective
attitudes and feelings (Schuessler and Fisher 1985). Subjective quality of life mea-
sures a person’s sense of well-being, life satisfaction and happiness (Dalkey and
Rourke 1973).

Self-reported quality of life is our dependent variable, and is measured by re-
sponses to one question, “How would you rate your quality of life?” There are six
responses: very good, good, so so, bad, very bad, and not able to answer. The oldest
old sample is very selective; they live longer than many of their peers (Christensen
and Vaupel 1996; Zeng et al. 2001). It is not a surprise that many report a good
quality of life. Only 3 percent of the respondents rate their quality of life as “bad”
or “very bad,” so we classify “so so,” “bad,” and “very bad” into one category “not
good.” Likewise, “very good” and “good” are grouped into one category “good.”
As shown in Table 22.1, 72 percent report their quality of life to be good while 28
percent report their quality of life to be not good.

22.5.2 Measuring Social Support

We include two dimensions of social support – objective behaviors and subjective
perceptions. Objective behavior is measured by living arrangement, children’s vis-
its, and financial support. Living arrangement is divided into four categories: living
with children and with or without spouse (67 percent), living with spouse only (13
percent), living in a nursing home (7 percent), and living alone (13 percent). We
hypothesize that the elderly living with children are more likely to receive support
from their children. However, intergenerational conflict and lack of privacy may
lower the quality of life for the elderly.2 Based on the prediction that peer networks
will have a stronger effect on quality of life than family members, the elderly living
in nursing homes3 are likely to have a better quality of life than those living with
children. We also include a variable that measures whether non-resident children

2 Unfortunately, there are no data in the CLHLS allowing us to measure intergenerational conflict,
lack of privacy, and care for grandchildren.
3 Unlike the various forms of elderly homes and nursing homes in the US, the nursing homes in
China are mainly run by the government and the quality of these nursing homes may not be as
good as private nursing homes in developed countries.
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Table 22.1 Descriptive statistics, weighted, CLHLS 1998

Variable Percent

Total 7871
% reporting good quality of life 72.3

Demographic Characteristics:
Age

80–89 90.7
90–99 7.9
100–110 1.4

% Female 63.0
Education

No schooling 62.9
1–6 Years of education 26.7
6+ Yeas of education 10.4

Occupation
Professional or governmental 9.5
Worker or farmer 71.5
Housework or others 19.1

% Urban 37.2
No children ever born 5.0
At least one child alive 80.9

Physical conditions (ADL)
Severe disability 5.9
Mild disability 12.2
Active 81.9

Social Support
Living arrangement: (reference = alone)

Child only 67.1
Spouse only 12.5
Nursing home 6.8
Alone 16.6

Financial support
Own or spouse only 11.3
Children and relatives only 58.7
Government and others only 5.3
Own, spouse, and kins 16.7
All sources 8.0

Frequent visits 75.0
Caretaker when sick: (reference = nobody)

Family members 89.8
Non-family member 8.2
Nobody 2.0

The percentage for each variable (more than two categories) should add up to 100, but may not due
to rounding errors.

pay frequent visits4 to their elderly parents. Three quarters of the elderly do receive
visits from their non-resident children.

4 This is measured by a question asking whether or not children pay frequent visits to the respon-
dents. The answer is subjective and defined differently according to different respondents.
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Furthermore, we include primary and secondary sources of financial support. We
create a new variable based on these two sources that collapses respondents into
mutually exclusive categories: (1) financial support only from self or spouse5 (11
percent), (2) only from children or relatives (59 percent), (3) only from government
or other sources (5 percent), (4) from self, spouse, children, or relatives (17 percent),
and (5) from all sources, namely, self, spouse, children, relatives, government, and
others (8 percent). The elderly who can support themselves are most likely to have
a higher quality of life than those who depend on other sources of support.

The subjective perceptions of support are measured by whether the respondents
think they will receive care if they get sick. This variable consists of support from
family members, non-family members (friends and social workers), and no one.
For the respondents in our data, 90 percent expect care from family members, 8
percent from non-family members, and 2 percent from no one. We expect those
who would receive support from family members to have the highest quality of life.
Respondents who think that nobody would care for them should have the lowest
quality of life.

22.5.3 Measuring Social Structure Variables

Social structure variables include urban/rural residence, educational attainment, and
occupation at retirement.6 As discussed, urban/rural differences are expected to have
a very strong effect. Educational attainment of the elderly is another important vari-
able. However, most of the respondents in our sample obtained their education in
the 1920s when the majority of Chinese received little formal education. Thus, edu-
cation levels are grouped into three categories: no education (63 percent), 1–6 years
of schooling (27 percent), and more than 6 years of schooling (10 percent). Primary
occupation before age 60 is categorized into three groups: (1) professional and gov-
ernmental (10 percent), (2) worker or farmer (71 percent), and (3) housework and
others (19 percent).

22.5.4 Measuring Health Status

Physical conditions may influence both social support and quality of life. We hy-
pothesize that the oldest-old Chinese with poor health will negatively assess their
quality of life. The survey has questions on self-rated health status, activities of daily
living (ADL), and interviewer-rated health status. Because of the strong association
of the three variables, we rely on activities of daily living (ADL) as a measure of

5 Retirement pensions are included in the first category (from self or spouse only) instead of the
third category (from government or other sources only).
6 Income is not measured owing to limitations in the data. However, education, occupation and
region are good proxies since they are highly correlated with income.
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an elderly person’s health. We follow the work of Zeng and his colleagues (2001)
and employ the Sullivan method of calculating active life expectancy. The ADL
functional statuses include eating, dressing, transferring, using the toilet, bathing,
and continence. If none of the six ADL activities are impaired, the person is coded
“active” for ADL; if one or two activities are impaired, the person is coded “with
mild disability”; if three or more activities are impaired, the person is coded “with
severe disability.” Cronbach’s alpha for the ADL index shows high reliability (0.86).
The sample is comprised of 82 percent of the elderly who are classified as active,
12 percent with a mild disability, and 6 percent with a severe disability.

We control for respondents’ age and gender. Age is classified into three cate-
gories: ages 80–89, ages 90–99, and ages 100–110. As already noted, because the
survey over-sampled the oldest individuals, it is necessary to incorporate sample
weights. After weights are taken into account, our sample includes about 91 percent
of the elderly aged 80–89, 8 percent of the elderly aged 90–99, and 1 percent of the
elderly older than 100. Our weighted sample includes 63 percent of female elderly.
We also control for whether the elderly have had children and whether any of the
children are still alive.

22.5.5 Statistical Analysis

As described above, quality of life is treated as a dichotomous variable: good or very
good (coded as 1), and so so, bad, or very bad (coded as 0).7 Logistic regression is
employed to predict the effects of the selected variables on the odds of the elderly re-
porting a good quality of life. We first introduce different measures of social support
in the models (living arrangement, visits by children, perceived social support when
sick) and then include other control variables (sources of financial support, ADL
status, residence, education, occupation, age, sex, and whether the elderly person
has children still alive). Our goal is to compare changes for different sources of
social support after other control variables are taken into account.

22.6 Results

We begin our analyses by presenting the bivariate relationships between the inde-
pendent variables and the dependent variable. Figure 22.1 presents percentages of
the elderly reporting good quality of life by living arrangement. Statistical results
show the significance of the differences among living arrangements. Eighty-seven
percent of the elderly living in nursing homes report their quality of life to be good
or very good. Those living with children or living only with their spouses are similar;
close to three quarters report their quality of life to be good or very good. In sharp

7 Preliminary analyses revealed that changing the coding scheme of this variable did not have much
effect on the results. As such, we chose to code quality of life as a dichotomous variable.
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Fig. 22.1 Percentage of the elderly reporting good quality of life by living arrangement

contrast are the results for those living alone; approximately half of them report a
good quality of life.

In addition, 73 percent of the elderly who are visited by children report good
quality of life compared to 70 percent of the elderly who are not visited by children.
The difference between the elderly with visits by non-resident children and those
without is small, but is statistically significant. This result, however, is confounded
by the number of elderly who do not have children and who live in nursing homes
and who report a good quality of life. We will control for these factors in the multi-
variate analyses.

Perceived support is another important dimension of social support. It is mea-
sured by assessing who would take care of the respondent if he or she became sick.
Seventy-seven percent of the elderly who perceive support from non-family mem-
bers report good quality of life, while 73 percent of the elderly who perceive support
from family members report good quality of life. Most of the elderly who perceive
care from non-family members live in nursing homes. This unique group reports
the highest quality of life. The elderly who perceive support from no one have the
lowest quality of life: less than one third report their quality of life to be good.

The bivariate relationships between quality of life and the rest of the vari-
ables included in the multiple regression models are presented in Table 22.2.
Sources of financial support are strongly associated with quality of life. Interest-
ingly, the elderly who relied on their own financial means for support enjoyed
the highest quality of life (78 percent). In contrast, elderly who relied on the
government or other sources for support reported the lowest quality of life (69
percent). Elderly living in urban areas reported a better quality of life, seven per-
centage points higher than their rural counterparts (77 and 70 percent, respec-
tively). The same difference exists between those with and without completed
elementary education. Eighty-two percent of the elderly who had professional
or government jobs reported a good quality of life compared to those in other
occupations.
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Table 22.2 Percentage of the elderly reporting good quality of life by selected variables, weighted

Select variables % Reporting good quality of life

Living arrangement∗∗∗

Child 74.6
Spouse Only 73.7
Alone 52.0
Nursing Home 87.3

Frequent visits∗∗

No 70.2
Yes 73.0

Perceived support when sick∗∗∗

Family Members 72.8
Nonfamily Members 77.2
Nobody 31.3

Financial support∗∗∗

Own and Spouse only 77.6
Child and Relatives only 71.3
Government and Others only 68.8
Own, Spouse and Kins 73.6
All Sources 71.5

ADL status∗∗∗

Active 72.9
Mild Disability 72.7
Severe Disability 63.1

Place of residence∗∗∗

Rural 69.7
Urban 76.8

Education∗∗∗

No Education 71.0
1–6 years 73.0
6+ years 78.5

Occupation at retirement∗∗∗

Professional or governmental 82.4
Industrial or agricultural 70.6
Housework or others 73.8

Age∗

80–89 years 72.0
90–99 years 75.5
100–110 years 77.1

Having child∗∗∗

No 66.8
Yes 72.6

Child alive
No 71.2
Yes 72.6

Sex
Male 72.3
Female 72.3

Total 7871
∗∗∗ p < .01; ∗∗ p < .05; ∗ p < .10 (two-tailed).
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As expected, physical condition is positively associated with quality of life. The
elderly who have an active ADL status are no different from those who are mildly
disabled (73 percent), but the severely disabled report a much lower quality of life
on average (63 percent). In addition, whether they have ever had children affects
quality of life. The elderly who have never had children report a lower quality of life
compared to those who have, or have had children (67 and 73 percent, respectively).

22.6.1 Predicting Quality of Life

We now turn to logistic regression models to further explore the impact of social
support on quality of life when other variables are taken into account. We focus
on how different types of social support affect quality of life – objective activi-
ties (measured by living arrangement), support from children (whether non-resident
children pay regular visits), and perceived support (who would take care of them
if they became sick). Table 22.3 presents the results from the logistic regression
equations. The first model includes living arrangement. We control for whether the

Table 22.3 Odds from logistic regression predicting effects of social support, health, and demo-
graphic characteristics on quality of life, 1998 (n = 7,871)

Independent variables Model 1 Model 2 Model 3 Model 4 Model 5

Living arrangement (reference = childiren)
Spouse only 0.76∗∗∗ 0.75∗∗∗ 0.76∗∗∗ 0.66∗∗∗ 0.70∗∗∗

(0.07) (0.07) (0.07) (0.06) (0.07)
Nursing home 2.00∗∗∗ 2.01∗∗∗ 2.25∗∗∗ 2.36∗∗∗ 2.41∗∗∗

(0.30) (0.30) (0.45) (0.50) (0.52)
Alone 0.40∗∗∗ 0.40∗∗∗ 0.44∗∗∗ 0.42∗∗∗ 0.44∗∗∗

(0.03) (0.03) (0.04) (0.04) (0.04)
No children ever born 0.80 0.80 0.86 0.83 0.87

(0.12) (0.11) (0.13) (0.12) (0.13)
At least one child alive (Yes) 1.30∗∗∗ 0.97 0.97 0.94 0.90

(0.09) (0.11) (0.11) (0.11) (0.10)
Regular visit of children (Yes) 1.40∗∗∗ 1.35∗∗∗ 1.38∗∗∗ 1.48∗∗∗

(0.14) (0.14) (0.14) (0.15)

Caretaker when sick (reference = nobody)
Family members 3.20∗∗∗ 3.52∗∗∗ 3.48∗∗∗

(0.75) (0.84) (0.84)
Nonfamily members 2.72∗∗∗ 2.96∗∗∗ 2.68∗∗∗

(0.73) (0.81) (0.74)
Financial support(reference = own and spouse only)

Child and relatives only 0.62∗∗∗ 0.76∗∗∗
(0.07) (0.09)

Government and others only 0.57∗∗∗ 0.67∗∗
(0.11) (0.13)

Own, spouse, and kins 0.73∗ 0.81∗∗
(0.09) (0.10)

All sources 0.72∗∗∗ 0.81
(0.09) (0.11)
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Table 22.3 (Continued)

Independent variables Model 1 Model 2 Model 3 Model 4 Model 5

ADL (reference = severe disability)
Active 1.32∗∗∗ 1.48∗∗∗

(0.10) (0.11)
Mild disability 1.43∗∗∗ 1.45∗∗∗

(0.13) (0.13)

Urban (Yes) 1.27∗∗∗
(0.08)

Age (reference = 80–89)
90–99 1.19∗∗∗

(0.08)
100 and higher 1.32∗∗∗

(0.10)
Female (Yes) 1.14∗∗

(0.08)
Education (reference = no schooling)
1–6 years of schooling 1.14∗

(0.08)
6 and more years of schooling 1.33∗∗

(0.16)
Occupation (reference = worker or farmer)
Professional 1.30∗∗

(0.17)
Housework 1.22∗∗∗

(0.09)

N 7871 7871 7871 7871 7871
Degree of freedom 5 6 8 14 22
LR chi2 203 214 240 284 348

Standard errors are shown in parentheses. ∗∗∗ p < 0.01; ∗∗ p < 0.05; ∗ p < 0.10 (two-tailed)

elderly person ever had children and whether any of the children are still alive. This
control is necessary because living arrangement is highly associated with whether
an elderly person has children. Elderly living in nursing homes are twice as likely
to report a good life quality as elderly residing with one of their children. Elderly
living alone, however, are 60 percent less likely to report a good quality of life.
These findings provide initial evidence that elderly living in nursing homes report
the highest quality of life.

Whether or not non-resident children visit their elderly parents has a strong effect
on quality of life for the elderly parents. The elderly are 40 percent more likely to
report good quality of life if they report receiving regular visits from children. The
variable measuring perceived support is added in Model 3. The effect of perceived
support is strong compared to the effects of living arrangement and children’s visits
(objective activities). This is consistent with patterns found in developed countries
(Turner and Marino 1994). In other words, elderly who perceive that their family
members would take care of them if they were sick are 3.2 times as likely to report
good quality of life, compared with those who perceive they would not receive any
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help. When living arrangement is taken into account, elderly who perceive support
from family members have a higher quality of life than elderly who perceive support
from non-family members, reversing the pattern seen in the bivariate relationship
(see Fig. 22.2).

Sources of financial support and ADL status are added in Model 4. The elderly
who completely rely on themselves, or their spouses, for financial security are most
likely to report a good quality of life. The elderly who can only rely on the govern-
ment or other sources for support are 43 percent less likely to report a good quality
of life than the self-financed elderly. Clearly, for some elderly persons, social and
financial capital accumulated over a lifetime pays off in terms of quality of life.
Undoubtedly, health status affects quality of life. Interestingly, mild disability does
not prevent an elderly person from enjoying a good quality of life. Quality of life
only suffers when the elderly report severe disability.

Urban/rural residence, age, educational attainment, and occupational status at
retirement are included in Model 5. Good quality of life is 27 percent more likely for
urban than for rural elderly. The effect of education only becomes strong with regard
to the difference between those who have completed elementary education and those
who have not. Elderly with completed elementary education are 33 percent more
likely to report a good quality of life than elderly with no schooling. As expected,
former professional or government employees are 30 percent more likely to report
a good quality of life compared to former farmers or workers. The social structure
variables employed clearly demonstrate that the jobs and schooling the elderly had
earlier in their lives and where they live continue to have important effects on their
reported quality of life.

When other variables, such as education and occupation, are taken into account,
the age effect remains strong. Elderly between the ages of 100 and 110 are 32 per-
cent more likely, and elderly aged 90 to 99 are 19 percent more likely to report
a good quality of life compared to elderly between the ages of 80 and 89. The
positive effect of age is most likely reflective of the selective nature of the oldest
old. Their positive attitudes towards life are likely to have played a role in their
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Fig. 22.2 Percentage of the elderly reporting good quality of life by sources of perceived support
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healthy longevity. Gender has a weak but significant association with quality of
life – elderly women are 13.7 percent more likely to report a good quality of life
compared to elderly men.

When the variables are compared across models, it is clear that the regression
coefficients remain stable. This means that the variables introduced in each model
have additive effects on the predictions of quality of life. Elderly respondents living
in nursing homes stand out as having the highest quality of life even when all other
variables are taken into account. This significant finding suggests the importance of
community support for the elderly. The elderly who reside with children may not
feel so free to talk with their children; intergenerational gaps may prevent them from
having good communication with their family members. In contrast, residence in
nursing homes may provide an environment in which the elderly can share common
interests and concerns. However, it is premature to conclude that nursing homes are
an ideal living arrangement for the elderly. Selection effects may affect the findings.
It is likely that elderly with certain personality traits (easy going, open, and so forth)
are more likely to live in nursing homes – and live longer – than elderly without
such traits.

Though the data prevent us from observing a clear picture of potential selectivity
effects, Table 22.4 provides a glimpse of those living in nursing homes. The elderly

Table 22.4 Odds from logistic regression predicting whether living in nursing homes

Independent variables Odds Standard error

No child 2.24∗∗∗ 0.63
Child alive 1.37 0.54

Financial support (reference = own and spouse only)
Child and relatives only 1.22 0.41
Government and others only 7.18∗∗∗ 2.41
Own, spouse and kins 1.42 0.48
All 2.24∗ 0.78

Visit 1.63 0.59

ADL (reference = severe disability)
Active 0.60∗ 0.16
Mild disability 1.20 0.38

Caretaker when sick (reference = nobody)
Family members 0.48 0.36
Nonfamily members 98.19∗∗∗ 73.21

Urban 5.25∗∗∗ 1.06
Age1 0.42∗∗∗ 0.09
Age2 0.32∗∗∗ 0.09
Female 1.10 0.25
1–6 years Education 1.49∗ 0.35
6+ years Education 0.96 0.33
Professional 0.46∗ 0.16
Housework or Others 0.51∗∗ 0.13

N 7871
Degree of freedom 19
LR chi2 2148.62
∗∗∗ p < 0.01; ∗∗ p < 0.05; ∗ p < 0.1 (two-tailed).
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living in a nursing home are more likely to have no children, depend on government
and other sources for financial support, count on non-family members for support
when they become ill, live in urban areas, and be between the ages of 80–89, com-
pared to those who do not live in nursing homes. This profile suggests that the
elderly living in nursing homes tend to be childless and depend on government
support. Why do they report a better quality of life? This may be largely due to
the impact of peers and friends who provide good company. It is also likely that
their take on quality of life has a different reference point. In the Chinese society
where elderly care is the responsibility of families and kinship, the elderly who
have never had children may have been pessimistic about their old age support.
However, nursing homes provide them with food, shelter, and social networks. The
old age security they have in nursing homes may make them think more positively
and report higher levels of social support.

In summary, we have found strong evidence of social support affecting quality of
life among China’s oldest old. Living arrangement, children’s visits, and perceived
social support are all strongly associated with quality of life. In addition, urban/rural
residence and the socioeconomic status of the elderly also play important roles.
Although the elderly living alone and the elderly living in a nursing home have many
characteristics in common, their quality of life is at two extremes, which suggests
the importance of community support and peer influences in shaping quality of life.

22.7 Discussion and Conclusion

Our objective has been to examine how various sources of social support affect
quality of life for the elderly. We analyze data from the 1998 Chinese Longitudinal
Healthy Longevity Survey (CLHLS). Although previous literature on social support
is voluminous, research has mostly focused on developed countries. Our study fills
this gap by providing new evidence from a developing country regarding the impact
of social support on quality of life. This is an important endeavor given that pop-
ulation aging is rapidly increasing in many developing countries where social and
financial security for the elderly is not yet fully in place. We center on how objective
behaviors (living arrangement and children’s visits) and subjective perceived social
support (who would take care of them when they are sick) affect quality of life.

More elderly persons living on their own may indicate less availability of so-
cial support from family members. Our analyses recognize that social support is
multi-dimensional and that the elderly benefit from all dimensions of social support.
Where the elderly live indicates the kind of support, if any, they will receive. Unfor-
tunately, elderly who live alone or those living only with a spouse report much lower
levels of quality of life. In contrast, elderly persons living in nursing homes have the
highest quality of life. Consistent with previous research, our study indicates that
relationships with friends and peers are shown to be more positively associated with
quality of life than relationships with family members (Ellison 1990; Wood and
Robertson 1978). Indeed, community attachment and peer interactions are critical
for fostering a good quality of life for the elderly.
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For the elderly with children, our analyses show that quality of life does not
so much depend on whether they have children of their own, but on whether their
children are in their daily lives. For these elderly people, frequent visits by children
and the perception that these children will be available when they are sick increase
their quality of life. Family networks are important as well. Superficially, children’s
visits may indicate that children are in regular contact with their elderly parents. At a
deeper level, these visits may indicate that the children care for their aging parents,
the extended family is united and harmonious, and the elderly receive reverence
from their descendants. The elderly value these things and thus they are highly
associated with their quality of life.

In sum, our analysis shows the importance of social support on quality of life for
China’s oldest old. The fast pace of aging in China suggests that it will be difficult
in the near future for the family to shoulder all the responsibilities of caring for
aging parents. While a social security system needs to be in place to provide fi-
nancial security for the elderly, nursing homes or retirement communities may be a
viable option. The elderly in our study do indeed benefit from networks of peers and
friends in their older years. These networks and communities can regularly facilitate
interactions and communications among the elderly and provide a support system
for them, which seem to be the most important key to a good quality of life for the
Chinese elderly.
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Chapter 23
Mortality Predictability of Self-Rated Health
Among the Chinese Oldest Old: A Time-Varying
Covariate Analysis

Qiang Li and Yuzhi Liu

Abstract Our research investigates the relationship between self-rated health (SRH)
and mortality among the Chinese oldest old (age range 80–105) as well as risk
patterns by gender. We use data for 7,783 respondents from the Chinese Longitu-
dinal Healthy Longevity Study (CLHLS) conducted in 1998, 2000 and 2002. The
results of a Cox Hazard Model show that self-rated health was significantly associ-
ated with mortality in the oldest old even when socio-demographic characteristics,
physical and cognitive functioning, serious illness and engagement in activity were
controlled. The association between SRH and the risk of mortality was stronger for
males than for females. The modifying effects of some confounders on such rela-
tionships also differed by gender. Missing values on SRH predicted higher mortality,
but such effects were explained by physical and cognitive functioning.

Keywords Chinese oldest old, Cognitive function, Cox proportional Hazard model,
Engagement in Activities, Fourth age, Gender differences, Hazard model, Kaplan–
Maier method, Missing values, Mortality, Physical function, Predictability,
Self-rated health, Time-on-study, Time varying covariates, Types of time scales

23.1 Introduction

The significant and independent association between self-rated health (SRH) and
mortality has been documented in previous studies (see reviews by Benyamini
and Idler 1999; Idler and Benyamini 1997). However, the mechanisms that gener-
ate such a relationship are not fully understood. Early researchers have proposed
that objective measures of health, such as disease burden, physical functioning,
cognitive functioning and depression, only partly explain the relationship between
SRH and mortality (e.g., Benyamini and Idler 1999; Idler and Benyamini, 1997;
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Bjorner et al. 1996; Strawbridge and Wallhagen 1999). SRH has a psychological
component (Verbrugge and Balaban 1989), and is a broader measure of health than the
presence or absence of disease and functional limitations (Idler and Benyamini 1997;
Strawbridge and Wallhagen 1999). Research has suggested potential differences and
similarities between SRH and objective measures of health, and that these differences
are often associated with socio-demographic factors (Idler and Kasl 1995).

Gender differences in the relationship between SRH and mortality have been
studied in an attempt to examine the mechanisms underlying this relationship (e.g.,
Bath 2003; Deeg and Bath 2003; Idler 2003). Although the association between
SRH and mortality appears to be consistent, the predictive ability of SRH by gender
differs by study. For instance, some studies have reported a significant relationship
between SRH and mortality among men rather than women (e.g., Hays et al. 1996;
Idler and Kasl 1991; Van Doorn and Kasl 1998), and others have proposed the
reverse (e.g., Benyamini et al. 2003; McCallum et al. 1994; Simons et al. 1996).
Further studies are warranted that explore gender differentials in risk factors, which
may help explain the relationship between SRH and mortality.

Idler and Benyamini (1997) have suggested that SRH may likely change over
time. Recently, scholars have pointed out that ignoring changes in SRH over time,
as has been done in some studies, can lead to biased estimates of mortality risk asso-
ciated with SRH (e.g., Fayers and Sprangers 2002; Ferraro and Kelly-Moore 2001;
Han et al., 2003). Therefore, treating SRH as a time-varying variable may correct
such problems and might shed light on understanding the link between SRH and
mortality. The research we report in this chapter follows this strategy: it investi-
gates the association between SRH and mortality, considering SRH and other health
indicators as time-varying variables.

We explore this relationship among the Chinese oldest old, defined here as per-
sons aged 80 years and older. Many studies have proposed that the oldest old (Fourth
Age) are very different from the young old (Baltes and Smith 2003; Maier and
Smith 1999; Suzman et al. 1992; Zeng et al. 2002). In general, oldest old pop-
ulations are typically characterized by a higher proportion of women than men,
higher levels of comorbidity, and a greater consumption of medical and other care
services. Our research focuses on individuals born in China in 1893–1918; they
comprised the oldest old observed in 1998 and possessed a set of characteristics
that were cohort-specific: they have much lower levels of education and a much
higher likelihood of widowhood. These cohort-specific characteristics may influ-
ence their self-assessment of health, and subsequently the relationship between SRH
and mortality. The small sample size of the oldest old in previous studies impeded
a meaningful analysis of this subpopulation. We thus know relatively little about
the relationship between SRH and mortality risk in this subgroup. Further, some
researchers have concluded that there is an accelerated decline of functional abilities
among the oldest old (e.g., Baltes and Smith 2003; Fries et al. 2000). Thus, the SRH
of the oldest old, which is related to changes in functional ability over time, is also
more likely to change during follow-up (e.g., Fayers and Sprangers 2002; Ferraro
and Kelly-Moore 2001; Han et al. 2003; Strawbridge and Wallhagen 1999). Some
studies have found that older persons reported weaker associations between SRH
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and mortality compared to their younger counterparts (e.g., Benyamini et al. 2003;
Idler and Angel 1990; Strawbridge and Wallhagen 1999). Considering that SRH is a
dynamic rather than a static perception, the relationship between SRH and mortality
may nevertheless have a different pattern in the oldest old. Our research explores
this relationship between SRH and mortality using a large sample of the oldest old
in China (N = 7,783) that may yield a more precise estimation of this relationship.

Our research also investigates gender specific patterns of SRH on mortality in
the oldest old. Research has documented that life expectancy is higher for women
than for men. Nevertheless, women report poorer health status and experience more
years of disability and ill health than do men (e.g., Manton et al. 1995). This paradox
may explain some of the gender differences in the SRH and mortality association.
In addition, some studies have shown that women and men differ in the extent of
their health problems, social conditions, and sensitivity to symptoms and signs of
disease and impairment (Verbrugge 1990). These differences may affect the way
that women and men rate their health, which then influences the relationship be-
tween SRH and mortality. Exploring the relationship between SRH and mortality
separately for men and women in the oldest old may contribute to an understanding
of the mechanisms that generate the effects of SRH on mortality.

Another question of interest in our research was the issue of missing values in the
SRH data of the oldest old. Missing values are common in studies of the oldest old.
A common way to handle missing data is the complete cases approach, which drops
subjects with missing values from the analysis. However, some have indicated that the
missing psychological function variables were related to mortality (Anstey et al. 2001;
Maier et al. 2003) and that deleting cases where data were missing might bias the study
results (Anstey et al. 2001). Considering that SRH may summarize both objective and
subjective aspects of health (Maddox and Douglass 1973) we also examined whether
the missing SRH data were predictive of mortality in the oldest old.

Based on the above, the research we report in this chapter examines the following
research questions and hypotheses:

First, does SRH predict mortality in the Chinese oldest old? If indeed SRH is
more likely to change during follow-up, which would indicate that the failure to
consider these changes would underestimate the SRH–mortality association, we ex-
pect to find a significant and independent association between SRH and mortality,
even when controlling for socio-demographic characteristics, physical and cognitive
functioning, serious illness and engagement in activity.

Second, are there gender differences in the association between SRH and mor-
tality? If oldest old women have a lower risk of mortality and report poorer health,
we expect to detect gender differences in this relationship, as well as SRH having
a stronger effect on mortality among females than among males. Moreover, it is
expected that functional limitations and serious illnesses will play different roles in
the relationship between SRH and mortality risk among women and men.

Third, do missing SRH values predict a higher risk of mortality compared to
non-missing categories of SRH? If the oldest old with missing values on SRH have
poorer health than do those with complete data, we expect missing values to be
related to higher mortality.
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23.2 Method

23.2.1 Sample

The sample in this research was taken from participants in the Chinese Longitu-
dinal Healthy Longevity Survey (CLHLS). Detailed information about the sample,
design, and assessment battery is published elsewhere (Zeng et al. 2002). This study
comprises 3 waves of data collection: a baseline in 1998, and second and third waves
in 2000 and 2002, respectively. The baseline survey was conducted in 631 randomly
selected counties and cities of the 22 provinces in China. All centenarians in these
counties and cities were interviewed on a voluntary basis. For each centenarian, one
octogenarian (aged 80–89) living nearby and one nonagenarian (aged 90–99) living
nearby, with pre-designated age and sex, were matched and interviewed. “Nearby”
is loosely defined: it could be in the same village or street if such an individual
was available, or in the same town or in the same sampled county or city (Zeng
et al. 2002). The pre-designated age and sex were employed to have approximately
equal numbers of male and female nonagenarians and octogenarians. For example,
for a centenarian aged 102, a nearby octogenarian aged 82 and a nearby nonage-
narian aged 92 were matched and interviewed. The sex of the octogenarians and
nonagenarians to be interviewed was randomly determined with the goal of having
approximately equal numbers of males and females at each age from 80 to 99. If
such individuals could not be found, an alternative individual of the same sex and
in the same 5-year age group (80–84, 85–89, 90–94, 95–99) was selected (Zeng
et al. 2002). The total valid sample size of the baseline data is 8,805 elderly persons
aged 80 to 105.

Our research uses three waves of respondent data. Mortality information was
obtained in wave 2 and in wave 3. In the second wave in 2000, among the panel
in the baseline survey in 1998, 4,690 participants survived, 3,263 died, and 851
were lost to follow up. In the third wave in 2002, among the 4,690 survivors, 2,562
individuals were alive, 1,563 died between the two waves, and 565 were lost to
follow-up. Detailed information on sample size is given in Fig. 23.1.

Similar to previous research studying the oldest old using longitudinal data, we
also encounter lost to follow-up and missing data in the covariates. With respect
to the 851 lost to follow-up in the second wave, we do not know whether or not
these individuals died during the study period; they did not provide critical survival
information, and were thus deleted from our sample. With respect to the 565 lost to
follow-up in the third wave, they survived to the 2000 survey and therefore provided
useful information at the first and second waves. We kept them in our sample, and
treated them as right censored at the second wave in 2000. Thus, the total sample
with available survival data is 7,954 (3,127 survivors and 4,827 deceased) in total.

Missing values, except for gender and type of residence, have the potential of
varying over time. The treatment of missing values in SRH, the MMSE (Mini-
Mental State Examination), and in verbal fluency is described below. Some covari-
ates with a very small percentage of missing values at baseline were deleted. Of the
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Fig. 23.1 Pattern of participants in the Chinese Longitudinal Healthy Longevity Study (CLHLS),
1998–2002

7,954 participants with full survival information, 107 (1.35 percent) of the deceased
and 64 (0.82 percent) of the survivors had no information in these covariates at
baseline.1 The final sample was reduced to 7,783, 3,063 (39.36 percent) for those
who survived and 4,720 (60.64 percent) for those who were deceased, respectively.

23.2.2 Measures

Self-rated health. SRH in the CLHLS was assessed using a single question, “How do
you rate your health at present?” Participants’ answers were coded as 1 through 5,
representing: Very good, good, fair, poor and very poor, respectively. Because of
the small number of respondents who evaluated their SRH as “very poor” (n = 43
in 1998 and n = 61 in 2000), we collapsed the last two categories. Thus, in our
analysis, the responses of SRH were grouped into four levels: very good, good, fair,
and poor.

Socio-demographic characteristics. Six measures of social-demographic char-
acteristics were employed. Sex has two levels: female and male. Residence was
defined as urban and rural. Years of schooling was divided into 3 groups: no
schooling, 1–6 years of schooling, and 7 + years of schooling. Occupation before
60 years old was categorized into two levels: higher occupation and lower oc-
cupation. Professional and technical personnel, and governmental, institutional or
managerial personnel were collapsed into the “higher occupation” category. Agri-

1 Among the 107 dead, the following information is not available: years of schooling, 32; occu-
pation before age 60, 2; marital status, 4; self-reported ADL,19; engagement in activity, 15; and
suffered serious illness during last two years, 37. Among the 65 survivors, information is lacking
on: years of schooling, 10; occupation before age 60, 2; marital status, 1; self-reported ADL, 13;
engagement in activity, 9; and suffered serious illness during last two years, 23.
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cultural, forest, animal husbandry, fishing, industrial worker, commercial or ser-
vice worker, military personnel,2 and housework and others were collapsed into the
“lower occupation” category. Current marital status was composed of two groups:
married and unmarried,3 where the latter included widowed, separated, divorced and
never married persons.

Physical functioning. Self-reported limitations in activities of daily living (ADL)
were used to measure physical functioning. The respondents were asked whether
they had difficulties in performing any of six ADLs: bathing, dressing, toileting,
transferring, continence and feeding. Their answers were grouped into three lev-
els: no functional limitation, one functional limitation, two or more functional
limitations.

Cognitive functioning. Two measures were used to assess the cognitive func-
tioning of the Chinese oldest old. The Mini-Mental State Examination (MMSE) is
translated into the Chinese language and culturally adapted based on established
international standards for the MMSE questionnaire, and carefully tested in a pilot
survey (Zeng et al. 2003). It includes brief measures of orientation, registration,
attention, and calculation, recall, and language, with scores ranging from 0 to 23.4

MMSE scores were graded into four levels by quartiles, with a higher quartile indi-
cating a higher level of cognitive functioning.

Verbal fluency was measured using a single question. Participants were asked to
name in 60 seconds as many kinds of food as possible. This is a standard task in
many intelligence tests. The number of foods named was grouped into two levels,
using a median split (0–50 percent, 50–100 percent) with 50–100 percent indicating
a higher level of verbal fluency.

Suffering from serious disease during the last two years. Due to the poor data
quality of self-reported chronic illness by the Chinese oldest old (Zeng et al. 2002),
we did not use these data, although they have often been employed in previous
studies. Instead, we used whether or not a person has been suffering from a serious
illness during the last two years, which provides some crude information on serious
illnesses that might play a role in the relationship between SRH and mortality. This
covariate was collapsed into two groups: not suffering from serious illness during
the last two years, and suffering from one or more serious illnesses (including being
permanently bedridden).

2 Military personnel do not include officers.
3 We did not categorize current marital status into three levels, “married,” “widowed” and “sepa-
rated, divorced and never married” because of the small number of “separated, divorced and never
married” (only 3% in the whole sample and 1.5 percent in the female sample), which may result in
zero exposures in the hazard models.
4 Usually, MMSE has a score ranging from 0 to 30. For the sake of brevity, the CLHLS used 23
items to measure these five domains of cognitive functioning, which resulted in a score ranging
from 0 to 23. The incomplete measures mainly occur on the assessment of orientation and lan-
guage. The standard MMSE uses ten items to measure orientation, while the CLHLS uses five
items. Also, the CLHLS does not measure reading and writing abilities.
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Engagement in activity. Engagement in activity includes housework, growing
vegetables and other field work, garden work, reading newspapers/books, raising
domestic animals, playing cards and mah-jong, watching TV and/or listening to
the radio, and religious activities. Participants had three response options: almost
everyday, sometimes and never. We summed the answers with scores ranging from
8 to 24. Scores of engagement in activity were divided into two levels using a median
split, with “50–100 percent” indicating a higher level of engagement.

23.2.3 Model

The survival analysis was formulated in the counting process framework. Age was
employed as the time scale. The hazard model for the force of mortality in the oldest
old is:

h(t) = h0(t) exp(�X(t))

whereh(t) denotes the mortality risk of the oldest old at the attained age t , h0(t)
is the baseline hazard, X(t) is the matrix of covariates, including SRH and other
covariates, and � is the vector of the coefficients of covariates.

Using age as the time scale brings up the debate on the choice of time-scale in
a mortality hazard model (e.g., Klein and Moeschberger 2002; Korn et al. 1997;
Lamarca et al. 1998; Li 2005). Two types of time scales have been used in the litera-
ture: the age of studied subjects, and time-on-study with the baseline age treated as a
covariate. We prefer to use the age of the subjects as the time scale on the following
grounds. First, it indicates that the mortality risk at the attained age t depends on
the sum of age at baseline and time-on-study. Secondly, it is consistent with the
very idea of a baseline hazard, that is, the baseline intensity is the same for all
individuals. Thirdly, it satisfies our expectation that the mortality hazard will change
more as a function of age than as a function of time-on-study. Finally, it reflects that
the interest is in the study of the aging process and the risk factors related to it, not
in the use of time-on-study as the time scale. Employing time-on-study as the time
scale will not satisfy these criteria.

Graphs of the survival function were plotted using the Kaplan–Maier method in
the four year observation periods.

To estimate the effect of SRH on mortality controlling for covariates, we used
a Cox Proportional Hazard Model with left truncation and right censoring, uti-
lizing time-varying covariates. We first ran the bivariate models to check for the
crude effects of SRH on mortality. Then the multivariate equations were estimated
to examine the independent effects of SRH on mortality, controlling for socio-
demographic characteristics, physical functioning, cognitive functioning, suffering
from serious illness during the last two years, and engagement in activity. Separate
models were developed for each gender. Treating self-rated health, current marital
status, self-reported ADL, cognitive functioning, suffering from serious illness dur-
ing the last two years, and engagement in activity as time-varying variables allowed
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us to use all of the information provided by the participants (baseline and follow-
up), and should correct for the possible underestimation of the effect of lower level
self-rated health on mortality.

23.2.4 Missing Values

In the present study, SRH, the MMSE, and verbal fluency included a large portion
of missing data. For SRH, 6.76 percent (526 participants) have incomplete data.
For the MMSE and verbal fluency, 7.23 percent (563) and 9.06 percent (705) of
the participants failed to answer the questions, respectively. If we deleted the cases
with missing values on these three variables, the results could well be biased. When
dealing with missing values, researchers use different methods such as replacing
missing values with the mean, imputing the values, or including an additional level
comprising the persons with missing values (e.g., Allison 2001; Maier et al. 2003).
For the purpose of obtaining an estimate of mortality risk associated with incom-
plete data on SRH, we applied the method of including an additional level of SRH
comprised of persons with missing values. The same strategy was applied to replace
missing values in the MMSE and verbal fluency covariates. Other covariates at the
second wave had very small percentages of missing values (less than 0.1 percent), so
we used their corresponding values at baseline for their missing values at follow-up.

23.3 Results

Results are presented in two main sections. In the first section, we address the re-
lationship between SRH and mortality for the whole sample. In the second section,
we estimate the hazard model separately for men and women.

23.3.1 SRH and Mortality Risk in the Oldest Old

Table 23.1 shows a breakdown of the sample according to factors at baseline (see
the second column). It also displays the number and percent of people who died (see
the third and fourth columns).

The cross tabulation of SRH and mortality (see Table 23.1) reveals their gross
association. With a decline of SRH, the proportion of deceased persons increased.
Participants with missing SRH scores had the highest proportion of deaths.

Table 23.2 presents the transitions between different levels of SRH as well as the
transition to death for the oldest old. In addition to attrition due to death, significant
changes were found between different levels of SRH. Although we observed some
recovery from poor health to better health, a transition was more likely to occur
in the opposite direction, that is, from better health to poor health. This may be
the main reason why ignoring changes during follow-up tends to underestimate the
effects of a lower level of SRH on mortality.
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Table 23.1 Sample description at baseline in 1998, and number & percentage of participants who
died before the third wave in 2002

Total (N = 7,783) Deceased (N = 4,720)

No. No. Percenta

Self-rated health
Very good 907 419 46.20
Good 3, 231 1, 810 56.02
Fair 2, 479 1, 574 63.49
Poor 640 470 73.44
Missing 526 447 84.98

Socio-demographic characteristics
Age groups
80–89 3, 000 1, 191 39.70
90–99 2, 710 1, 839 67.86
10–105 2, 073 1, 690 81.52

Sex
Male 3, 114 1, 823 58.54
Female 4, 669 2, 897 62.05

Type of residence
Urban 2, 742 1, 503 54.81
Rural 5, 041 3, 217 63.82

Years of schooling
0year 5, 332 3, 428 64.29
1–6 year 1, 874 1, 021 54.48
7+ year 577 271 46.97

Occupation before age 60
Higher 478 181 37.87
Lower 7, 305 4, 539 62.14

Current marital status
Married 1, 227 513 41.81
Unmarried 6, 556 4, 207 64.17

Self-reported ADL
No functional limitation 4, 905 2, 470 50.36
1 functional limitation 1, 032 689 66.76
2+ functional limitations 1, 846 1, 561 84.56

Cognitive functioning
MMSE

75–100% 2, 080 869 41.78
50–75% 1, 339 693 51.76
25–50% 2, 093 1, 305 62.35
0–25% 1, 732 1, 384 79.91
Missing 539 469 87.01

Word fluency
50–100% 3, 595 1, 765 49.10
0–50% 3, 483 2, 349 67.44
Missing 705 606 85.96

Suffered from serious illness during last 2 years
Suffering no serious illness 6, 991 4, 125 59.00
Suffering 1+ serious illness 792 595 75.13

Engagement in activity
50–100% 3, 282 1, 458 44.42
0–50% 4, 501 3, 262 72.47

a percent = No. deceased
No. total × 100
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Table 23.2 Transition of self-rated health during the follow-up period for the oldest old (%)

Self-rated health at baseline in 1998 Self-rated health at the second wave in 2000 & decease

Very good Good Fair Bad Missing Deceased Total

Very good 15.33 30.76 15.99 5.51 4.74 27.67 907
Good 9.59 25.26 19.1 5.76 5.42 34.88 3, 231
Fair 4.8 16.98 20.17 8.67 5.04 44.33 2, 479
Poor 2.34 10.94 17.34 10.16 6.41 52.81 640
Missing 1.33 5.7 6.46 4.18 11.03 71.29 526
Total 7.58 20.76 18.08 6.91 5.68 40.99 7, 783

We present percentage for the transition between different levels of self-rated health as well as
attrition to death, and absolute number for Total in such way that frequency of transition can be
calculated

The predictive ability of SRH on mortality risk may reflect the latent impact of
other risk factors on mortality. Therefore, six sequential models were used to assess
the relative impact of other adjustment variables on the relationship between SRH
and mortality (see Table 23.3). The first model includes only SRH. In the second
model, socio-demographic characteristics are added. The third model includes self-
reported ADL, while the adjustment for cognitive functioning is performed in the
fourth model. The fifth and the final models include suffering from serious illness
during the last 2 years and the engagement in activity, respectively. This sequence
allows assessing the extent to which SRH reflects socio-demographic characteris-
tics, physical functioning, cognitive functioning, serious illness and engagement in
activity by examining the relative impact of each subsequent set of variables on a
previously computed relationship. For example, if SRH primarily reflects physical
and cognitive functioning, then any observed relationship between SRH and mor-
tality in the first two models may disappear when self-reported ADL and cognitive
functioning are incorporated into the fourth model.

The graph in Fig. 23.2 showed the survival function for the oldest old. The sur-
vival probability decreases typically with increased age during the 4-year observa-
tion period.

Model 1 (see Table 23.3) shows that SRH was significantly associated with mor-
tality. The predictive ability of SRH on mortality did not change with the inclusion
of socio-demographic characteristics (see Model 2). The largest reduction occurs
in model 3 and model 4 with the addition of physical and cognitive functioning. In
these two models, the relative risks of each level of SRH related to the reference
group are less pronounced compared with the relative risks in previous models.
Different from our expectations, when cognitive functioning was entered into the
model the significant effect of SRH missing values on mortality disappeared. This
may suggest that the cognitive functioning of the oldest old is related to the SRH
missing values. In other words, it is possible that due to poor cognition the oldest
old could not answer the question. The addition of suffering from serious illness
during the last two years into model 5 only slightly changes the pattern of the SRH–
mortality association. The inclusion of engagement in activity reduces the relative
risk of SRH on mortality in the final model.
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Fig. 23.2 Survival function for Chinese oldest old

23.3.2 Gender Difference in the Relationship Between SRH
and Mortality

Before running the hazard model separately for men and women, we first performed
descriptive analyses comparing SRH in the two gender groups (see Table 23.4).
There are significant gender differences in SRH. Women report poorer health than
the men, and the survival probability was higher among women than among men
(see Fig. 23.3). These results are consistent with our hypothesis: we expected the
gender differences in the relationship between SRH and mortality.

It was in this context of significant gender differences that we then conducted a
hazard analysis separately for men and women (see Table 23.5). As we expected,
gender differences in the relationship between SRH and mortality were observed.

Table 23.4 Self-rated health by gender, and comparison between men and women

Male (%) (N = 3,114) Female (%) (N = 4,669) Significant gender differences

Self-rated health χ2 (1) = 10.25 P<0.001
Very good 14.61 9.68
Good 44.06 39.82
Fair 30.51 32.75
Poor 7.00 9.04
Missing 3.82 8.72
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Fig. 23.3 Survival function for Chinese oldest old by gender

Although SRH was a significant predictor of mortality for both men and women,
the effects were less pronounced among women than men. The relative mortality
risks for men who rated their health as “fair” and “poor” were significantly higher
than those with a “very good” rated health status, while the relative risk for women
who rated their health as “bad” was only significantly higher compared to that of the
reference group. In addition, the modifying effects of potential confounders were
also different in men and women. Current marital status, and suffering from serious
illness during the last 2 years modified the relationship between SRH and mortality
among men, but not among women. The role of verbal fluency was more pronounced
among women than among men.

23.4 Discussion

Our research examined the predictability of SRH for mortality in the Chinese oldest
old as well as the risk pattern by gender. SRH was significantly associated with
mortality when we controlled for socio-demographic characteristics, physical and
cognitive functioning, serious illness and engagement in activity. The research re-
sults we reported in this chapter expand our knowledge of the association between
SRH and the risk of death indicating that it predicts mortality risk not only among
young adult people and old adults, but also among the oldest old. Moreover, there
was a different predictive pattern of SRH on mortality by gender among the Chinese
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oldest old. This indicates that the association of SRH with mortality risk is stronger
for males than for females, and that the modifying effects of some covariates on
such relationships also differ by gender.

Our resultsareconsistentwith thefindingsofother studies (e.g.,Bjorneret al. 1996;
Strawbridge and Wallhagen 1999; Wolinsky and Johnson 1992), indicating that SRH
has significant and independent effects on mortality, and that other risk factors only
partly explain the relationship between SRH and mortality risk. In line with earlier
research, our analyses revealed that the role of socio-demographic characteristics
in the association of SRH with mortality can be negligible, whereas physical and
cognitive functioning, and serious illness are important in accounting for the rela-
tionship between SRH and mortality risk (e.g., Benyamini and Idler 1999; Idler and
Benyamini 1997; Strawbridge and Wallhagen 1999; Wolinsky and Johnson 1992).

Interestingly, our study found that engagement in activity moderated the relation-
ship between SRH and mortality risk in the oldest old. Controlling for engagement
in activity reduced the ability of SRH to predict mortality, even though the adjust-
ment for functional ability and serious illness had already been accounted for in the
model. We may assume that to some extent SRH, per se, reflects ability and engage-
ment in daily life, which can contribute to a better understanding of the definition
of SRH in the oldest old. In other words, ability and engagement in daily life are
components of the definition of health.

Our research showed gender differences in the association of SRH with mortality.
Women had lower mortality risks than men; however, women also reported poorer
health than did men. As expected, we did find a stronger effect of SRH on mortality
risk among men than among women. In comparison with the reference category of
“very good,” among men, the adjusted relative risk for “poor” (RR = 1.46), and “fair”
(RR = 1.24) SRH was significantly greater than among women (RR = 1.21 [poor]
and RR = 1.15 [fair]). Poor rated health that included “poor” and “fair” health might
be much more fatal among men than among women. This suggests many differences
between men and women in the perception of health. Future studies on gender dif-
ferences in health ratings are needed to further our understanding of the relationship
between SRH and mortality among the oldest old.

Different confounding patterns of some covariates by gender revealed in the
present study could help explain the gender differences in the relationship between
SRH and mortality. Current marital status was a significant predictor of mortality in
men but not in women. But it did not influence the relationship between SRH and
mortality for men and women. Recalling the statement above about the negligible
impact of socio-demographic characteristics on the relationship between SRH and
mortality, we may conclude that gender-specific social conditions may have no in-
fluence on gender differences in the SRH–mortality association among the oldest
old. Serious illness influenced the relationship between SRH in the male subgroup,
but it did not in the female subgroup, whereas verbal fluency modified the asso-
ciation of SRH with mortality in women rather than in men. Our results support
previous studies on gender differences in health problems. Men and women may
well differ in their sensitivity to symptoms and signs of disease and impairments
(Verbrugge 1990). Given a specific health problem, men are more likely to die
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compared to women, while women are more likely to have functional limitations
(Arber and Ginn 1991). Suffering from a serious illness is more likely to result in
death among men than among women, while it is more likely to lead to functioning
limitations such as cognitive impairment among women. Thus, we may assume that
serious diseases are more important for the relationship between SRH and mortality
among the oldest old men, while functional limitations play a role in the association
between SRH with mortality among the oldest old women.

Our research also evaluated the effect of SRH missing data on mortality. Having
incomplete data on SRH significantly increased mortality risk in the bivariate model,
and in the model that adjusted only for socio-demographic characteristics. This ef-
fect, however, was explained when self-reported ADL, MMSE and verbal fluency
were added into the model. A possible explanation might be that the participants with
missing data on SRH may have poorer physical and cognitive health compared to
those with complete SRH data. However, we also took into account missing values on
the MMSE and verbal fluency in the models, so that there may be some correlation
between the missing values on SRH and the other two variables. This may intro-
duce some complexity in understanding the link between missing values on SRH and
mortality risk. For example, unobserved heterogeneity may speak to the relationship
between the missing values on SRH and the risk of death. Future studies using logistic
regression are needed to better understand the mechanisms that lead to missing values.
Our research indicates that missing data on SRH did not occur completely at random
and might reflect frailty in physical and cognitive functioning among the oldest old.

Admittedly, the present study has some limitations. Due to the poor quality of
chronic disease data reported by participants, we do not have an exact understanding
of the impact of disease burden on the relationship between SRH and mortality.
Although we found that suffering from serious illness played different roles on the
gender predictive pattern, because of lack of data on specific diseases we could not
identify which illnesses in particular influenced the association.

In conclusion, the large sample of the oldest old and the good quality of the
CLHLS data provided us with a wealth of opportunity to study the SRH and mortal-
ity association in this population subgroup, as well as gender differences in this rela-
tionship. Our research yielded precise estimations of the relationship between SRH
and mortality risk in the oldest old. Statistical controls for confounding variables
reveal the unique effects of SRH on mortality. Gender differences in the relationship
between SRH and mortality in the oldest old may contribute to the extant literature.
Treatment of missing values on SRH in mortality risk estimation is relevant to the
discussion on incomplete data in survival analysis at old–old ages when missing
values are more likely to occur.
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Chapter 24
Gender Differences in the Effects of Self-rated
Health Status on Mortality Among the Oldest
Old in China

Jiajian Chen and Zheng Wu

Abstract While self-rated health has been shown to be a powerful predictor of
mortality among the old population, our understanding of how self-rated health
interacts with gender and other health related conditions in predicting mortality
remains inconclusive. Based on data from China’s longitudinal survey of oldest-
old population from 1998 to 2000, we examine gender differences in the effects
of self-rated health, education and psychosocial factors on the 2-year mortality of
respondents aged 80–105 in the baseline wave of the CLHLS. Self-rated health
is found to be consistently related to longer life after controlling for the effects
of socio-demographic and physical health conditions among oldest-old men and
women. This finding suggests that self-rated health status is an important health
indicator and mortality predictor for the oldest-old in China. As education and psy-
chosocial factors are also found to be independently predictive of mortality, they
appear to play an important role in modifying the longevity among the oldest-old
in China.

Keywords Chinese oldest-old, Cox proportional hazards regression, education,
gender difference, inexpensive instrument, interviewer-rated health, moderating
effect, mortality, mortality converge, predictor, predictive power, psychosocial
factors, self-rated health, subjective dimension

24.1 Introduction

According to numerous studies, self-rated health (SRH) is a robust indicator of
overall health status. The literature consistently shows that this simple assessment
of global health is an independent predictor of mortality, especially among the el-
derly (Benyamini and Idler, 1999; Idler and Benyamini 1997). Since the 1970s,
investigations into self-perceptions of health have repeatedly demonstrated the high
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face value of SRH measures, showing that the relationship between subjective health
evaluations and short- and long-term mortality persists from country to country and
among different populations (Helweg-Larsen et al. 2003). Moreover, the capacity
for SRH to predict mortality and other subsequent health outcomes is not spuri-
ous, but is independent of conventional objective health risk factors, including so-
ciodemographic characteristics, psychosocial resources, social support, and medical
history. Indeed, Mossey and Shapiro (1982) suggest that SRH predicts long-term
survival more accurately than do medical records.

These findings have justified further research into SRH, and are promising in sev-
eral respects. Most obviously, the predictive power of SRH offers the health research
community a cost-effective and uncomplicated means for estimating patterns of
mortality, disease, and health care utilization, particularly in those cases where more
refined health indicators are missing, inaccurate, or difficult to obtain (Kaplan and
Baron-Epel, 2003). Moreover, perceived health ratings have the capacity to capture
a highly inclusive range of health variables in a simple and comprehensive measure
(Benyamini and Idler 1999). For example, as an assessment of global health status,
SRH is more or less a cumulative proxy indicator for stressors, social support, health
behaviors, personal attitudes, chronic conditions, functional limitations, and disease
history (Benyamini et al. 2003a; Kaplan and Baron-Epel 2003). Available in many
nationally representative surveys, SRH is, therefore, an inexpensive instrument for
targeting at-risk populations for timely medical interventions to prevent health care
crises and prolong life. As a targeting instrument, SRH represents the potential to
add something more to medical diagnoses and medical screening while maximizing
the cost benefits associated with preventative medicine and early detection of health
problems.

However, as Kaplan and Baron-Epel (2003) remark, our understanding of the
process through which SRH links up with specific health outcomes remains unclear,
even though the literature is extensive. Helweg-Larsen et al. (2003) have suggested
that there is a need to move in the direction of understanding why this relationship
exists by examining variables that might moderate the relationship. Their research
indicates that SRH may be less predictive of mortality when people age because
their perception of health is increasingly relying on social comparison rather than
actual physical health. Therefore, further assessment of the factors underlying the
relationship between SRH and mortality among the elderly, especially the oldest-
old, warrants further attention.

A broad range of variables affect personal assessments of global health, including
medical history and current physical health status, as well as variables not usually
considered in biomedical models of physical health (Idler et al. 1999). For example,
having experienced a serious illness in the past often lowers SRH even if the illness
is no longer present, for prior illness experiences are concrete reminders of health
risks and the potential for illness (Benyamini et al. 1999). Multiple medical and non-
medical variables tend to confound the formation of personal assessments of health,
making SRH a fluid and dynamic health indicator. In other words, SRH reflects an
introspective process involving diverse evaluation criteria and comparisons, and the
subjective character of self-ratings is the main reason why health researchers have
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had limited success in determining why self-rated health influences mortality and
other health outcomes. More importantly, people’s health needs are “socially con-
structed phenomena located within a socially organized context” (Anderson 1986).
There is a subjective dimension to how individuals experience illness, which means
that health needs are not just neutral conditions related to corresponding medical
problems. Rather, socially specific beliefs about illness define how individuals per-
ceive their health and how these norms guide self-rated health. People’s SRH is
therefore believed to be influenced by both biomedicine and social and medical
ideologies (Kaplan and Baron-Epel 2003).

Along with the recent debate on whether the effects of SES on mortality converge
at old ages (Helweg-Larsen et al. 2003; House et al. 1990, 1994; House 2002; Ross
and Wu 1996), recent research shows that SES inequalities in physical health may
attenuate at old ages, but remain an important predictor of deteriorating emotional
health and mortality among old women (Mishra et al. 2004). Emerging evidence
suggests that SES inequalities in health begin from early life and accumulate over
lifetime. Educational attainment is a preferable indicator of SES because it is uni-
versal and stable after young adulthood, and also because it structures other SES
indicators (i.e., occupation and income) (Lynch 2003; Mishra et al., 2004; Ross
and Wu, 1996). As such, the moderating effect of educational attainment on the
relationship between SRH and mortality among the oldest-old should be addressed.

As also suggested, the impact of SRH on mortality may also be mediated through
exposure to psychosocial factors at the interpersonal or intrapersonal level (Idler
and Benyamini 1997; Mackenbach et al. 2002). A recent empirical study shows
that social isolation is associated with mortality among elderly patients even after
controlling for age and disease severity (Brummett et al. 2001). Assessment of pos-
sible moderating effects of psychosocial factors on the oldest-old SRH-mortality
relationship is also needed.

Recent studies suggest that the overall predictive power of SRH could be over-
estimated because of gender-specific effects (Deeg and Kriegsman, 2003; Benyamini
et al. 2003b). The physical, psychosocial, and societal differences between women
and men suggest that gender is an important factor in determining how individuals
perceive their health status. The gender-specific differences in the accuracy of SRH,
which, combined with gender variation in health trajectories at old age, could also
reflect how effectively gender-specific SRH predicts all-cause mortality. For exam-
ple, on the one hand, women tend to have a greater understanding of their health
symptoms and disease histories, and this knowledge may increase the accuracy of
their SRH. This greater awareness may thus leave little information to be supple-
mented by SRH and lead to a weaker independent SRH-mortality relationship for
women. On the other hand, women live longer than men, and also experience more
years of non-life threatening but negative health problems. Therefore, a greater in-
clusiveness of minor health problems with less accuracy of SRH may also result in
a weaker SRH-mortality relationship for women than for men.

These gender-related inconsistencies could be an artifact of differences in study
design (Bath 2003), but enough evidence exists to warrant further consideration into
whether gender-specific SRH has independent effects on all-cause mortality rates.
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The recent literature includes several studies that focus on gender differences in
the effects of SRH on mortality, but these only cover the developed world (e.g.,
Bath 2003; Benyamini et al. 2003b; Deeg and Kriegsman 2003). This leaves much
work to be done in developing countries, where widespread poverty often exacer-
bates gender disparities (Frankenberg and Jones 2004).

Of special empirical interest here is gender variation in the effect of SRH on mor-
tality among the oldest-old in Mainland China. Low mortality and fertility below
the replacement level have initiated a transformation of China’s population struc-
ture, which is now aging rapidly. As Myers et al. (1992) remark, “further aging of
this enormous elderly population could produce massive numbers of persons aged
80 and over and strain society’s capability to support and care for its oldest old.”
While the Chinese elderly population aged 65 and over has grown from 26 million
in 1950 up to 87 million in 2000, growth in the proportionate numbers of the oldest
old population aged 80 and over was especially intense, tripling during 1950–2000
(United Nations 2002; see more discussion of these trends in the first chapter of
this volume by Poston and Zeng). As SRH could represent a highly inclusive and
cost-effective health measure, it is important to assess its overall efficacy by exam-
ining whether SRH can accurately gauge health and mortality by gender, especially
among women who account for a majority (66 percent) of the oldest old population in
China (NBS 2002).

Recent studies demonstrate the relationship between SRH and mortality among
the Chinese elderly population (Yu et al. 1998; Liang et al. 2000). These studies are
noteworthy because they replicate the basic findings from North American and Eu-
ropean studies, thus demonstrating the cross-cultural validity of the effects SRH has
on all-cause mortality rates. However, gender-specific effects of SRH on mortality
among the elderly in China have yet to be examined.

The research reported in this chapter aims to examine the gender differences
in the SRH-mortality relationship and in the factors that mediate the relationship
among the oldest old in China. Specifically, our research addresses the following
three questions, among men and women separately, to further specify possible gen-
der differences in underlying variables that moderate the relationship between SRH
and oldest-old mortality:

(1) Is SRH predictive of oldest-old mortality in China?
(2) Do risk factors moderate the association between SRH and mortality?
(3) Is SRH a valid evaluation of health among the oldest-old in China?

24.2 Methods

24.2.1 Study Sample

Our data sources are the oldest-old male and female cohorts, aged 80 and above, par-
ticipating in the China Longitudinal Healthy Longevity Survey (CLHLS) conducted
in 1998 and 2000 (Zeng et al. 2001, 2002; Zeng et al. 2004; Gu and Zeng 2004).



24 Gender Differences in the Effects of Self-rated Health Status 401

The CLHLS is a large population-based sample of oldest-old people residing in
private households or nursing homes from about half of the counties and cities in
22 of the country’s 31 provinces, covering around 85 percent of the total population
in 1998 and 2000. The CLHLS was conducted through an interview process using a
structured questionnaire and included physical examinations by a medical doctor, a
nurse, or a medical student. The baseline survey interviewed 9,073 seniors aged 80
or older in 1998, among them 8,805 respondents who were aged 80–105 whose re-
ported age is considered reliable (Zeng et al. 2001, 2002). The survey participation
rate was 88 percent, including those who were unavailable because of death, severe
illness, and migration, and was 98 percent after excluding those unavailable for an
interview (Zeng et al. 2001).

Of the original 8,805 respondents aged 80–105 years old who resided in private
households or nursing homes in 1998, 4,691 respondents (53.3 percent) survived;
3,264 respondents (37.0 percent) died; and 850 respondents (9.7 percent) were un-
traceable in the follow-up survey in 2000. The follow-up survey collected infor-
mation about date of death, cause of death, and included a comprehensive set of
questions asked of close family members about the circumstances before death of
persons who had been interviewed in 1998 but who had died before the 2000 survey.
The follow-up death rates have been found to be accurate at ages 90 and over, and
somewhat underestimated at ages 80–89 (Zeng et al. 2004; Gu and Zeng 2004).
The sub-sample used in this research includes 7,938 respondents aged 80–105 after
excluding 850 untraceable individuals and 17 individuals with unknown information
on date of death. It is relevant to examine 2-year follow-up short-term mortality
because the advanced age of the oldest old may dramatically increase the long-term
risk of mortality regardless of self-rated health.

24.2.2 Statistical Analysis

A standard life-table method is used to estimate the cumulative mortality of the
oldest old during a 2-year time interval since the baseline interview. Respondents
alive at the follow-up are censored.

Cox proportional hazards regression models are used to estimate the effects of
self-rated health status, education, psychosocial factors, and other socio-demographic
and health-related covariates on mortality. We also use multinomial logistic regres-
sion models to examine the effects of the same set of independent variables on SRH
and interviewer-rated health (IRH), respectively.

As Idler recommends (2003), we initially pool our data to conduct tests of the
SRH-mortality relationship by gender interaction and then conduct data analyses
for men and women separately to investigate gender-specific mediating effects of
risk factors on mortality sequentially in a hierarchical approach. We supplement
these analyses with an additional investigation that includes measures of IRH, for
the reason that information from this evaluation (which includes a medical examina-
tion) could have more objectively shaped the measurement of general health status.
Finally, we examine the effects of the same set of independent variables on SRH and
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IRH, respectively, to further specify which factors underlie the relationship between
SRH and mortality.

24.2.3 Measures

Self-rated health (SRH) is defined based on a single-item question, namely, “How
do you rate your health at present—very good, good, so-so, bad, very bad?” The
survey requires respondents to answer the question by themselves: no proxy re-
sponses were allowed (Zeng et al. 2002; Zeng and Vaupel 2004). A three-category
self-rated health variable was created: good (including “very good” and “good”),
fair (“so-so”), and poor (including “bad” and “very bad”).

Interviewer-rated health (IRH) is based on a question answered by the inter-
viewer: “The interviewee was: surprisingly healthy (almost no obvious ailments);
relatively healthy (only minor ailments); moderately ill (moderate degree of major
ailments or illnesses); or very ill (major ailments or diseases, bedridden, etc.).” Cor-
responding to the grouping of self-rated health (good, fair, and poor), interviewer-
rated health is defined with three categories: sound health (i.e., “surprisingly
healthy”), regular health (i.e., “relatively healthy”), and ill health (including “mod-
erately ill” and “very ill”).

Socio-demographic variables included education (coded by total number of years
attending school), sex, age (by single year), rural/urban residence, and marital status
(currently married, not married). A large proportion of the oldest-old did not go to
school (68 percent) or had only 1–5 years of schooling (21 percent). Few respondents
had 6 or more years of education (10 percent). Oldest-old women are more disadvan-
taged than oldest-old menin education.Forexample, themajorityofoldest-oldwomen
(88 percent) did not attend school, and only a few had 1–5 years of school (8 percent)
or 6 years or more (3 percent). The corresponding distribution for oldest-old men has
more variation, with 38 percent having no schooling, 41 percent having 1–5 years of
schooling, and 20 percent having 6 years of schooling or more. As such, a categorical
variable for level of education for the oldest-old is not desirable.

A psychosocial scale variable, feeling lonely (House 2001; Brummet et al. 2001),
is included in the analysis. Note that the respondents were required to answer this
question by themselves. Based on a question of how similar the oldest-old respon-
dents were to the people who “often feel lonely and isolated,” the loneliness scale
variables were coded 5 for very similar, 4 for similar, 3 for so-so, 2 for not similar,
and 1 for not similar at all.

Functional and physical health conditions included activities of daily living
(ADL) and various types of chronic illnesses. The ADL variable was categorized
as dependent if the oldest-old respondents received assistance for bathing, dress-
ing, toilet use, transfer to bed, continence, and feeding, or partially dependent if
they only received some help in doing these, or otherwise independent. The chronic
illnesses refer to hypertension and any other life-threatening chronic conditions in-
cluding diabetes, heart disease, stroke, bronchitis, pulmonary tuberculosis, cancer,
and Parkinson’s disease (Verbrugge 1989).
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24.3 Results

Table 24.1 shows the distributions of the selected variables in the study sample.
On average, oldest-old men have more years of schooling than oldest-old women.
While oldest-old men are less likely to be ADL dependent (20 percent) than oldest-
old women (34 percent), oldest-old men are more likely to have life-threatening
chronic conditions (24 percent) than women (19 percent). Nevertheless, the average
feeling lonely scale is the same for both oldest-old men and women. Moreover,
the distribution of SRH and IRH shows a clear gender difference; the percentage
of good SRH or sound IRH among oldest-old men is always greater than that of
oldest-old women. However, it is noteworthy that the percentage of good SRH is
higher than the percentage of sound IRH for oldest-old men (59 vs. 48 percent) and
women (49 vs. 35 percent). Apparently, oldest-old men and women tend to view
their own health status more optimistically than do the interviewers.

Is SRH predictive of gender-specific oldest-old mortality in China? Table 24.2
shows that with both sexes pooled together, oldest-old men have a higher mortal-
ity risk than oldest-old women after controlling for age, other socio-demographic
characteristics, physical health conditions, and psychosocial factors. Moreover, the
gender-SRH interactions are always statistically significant when various risk fac-
tors are controlled hierarchically; this indicates that the SRH-mortality relation is
stronger for oldest-old men than for oldest-old women (Model 1–4 in Table 24.2).
Clearly, the effects of SRH on mortality are gender-specific, and separate analyses
by gender are needed to test the mediating effects of risk factors on mortality among
the oldest old in China.

Figure 24.1 shows a clear gradient in cumulative mortality by three levels of
self-rated health in oldest-old men and women. The cumulative 2-year mortality is
lowest in the self-rated good health group and is highest in the self-rated poor health
group for oldest-old men and women, respectively. The gaps in cumulative mortality
are wider for the men than for the women.

Further, gender-specific analyses also show a clear “dose-response” pattern
where relative mortality risk is highest for poor SRH and next highest for fair SRH,
as compared with good SRH for the men and women. Moreover, the relative mor-
tality risks are greater for the men. For example, among oldest-old men, the relative
risks of death among those with poor and fair SRH are 2.4 (95 percent confidence
interval CI = 2.0–2.9) and 1.6 (95 percent CI = 1.4–1.8), times as much as those with
good SRH. By contrast, the corresponding relative risks for oldest-old women are
1.6 (95 percent CI = 1.4–1.9) and 1.3 (95 percent CI = 1.1–1.4), times as much as
those with good SRH (Model 1 in Table 24.2).

Do risk factors moderate the association between SRH and mortality? Model 2
of Table 24.2 shows that after controlling for the effects of education, marital status,
and urban/rural residence, the inverse association between SRH and mortality is
further enhanced rather than attenuated, for men and for women. There is also an
inverse association between years of schooling and mortality among the oldest-old
men and women when SRH and other socio-demographic variables are taken into
account.
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Table 24.1 Characteristics of variables used in the multivariate analyses

Variable Men Women
(n = 3171) (N = 4767)

Age (years) 83.5 84.1

Self-rated health
Good 62.1 56.7
Fair 29.8 33.0
Poor 6.9 8.6
Missing 1.2 1.7

Objective health
Surprisingly healthy 54.6 48.0
Relatively healthy 37.3 43.9
Moderately or very ill 7.3 7.7
Missing 0.8 0.4

Education
Years of schooling 3.4 0.8
Missing – –

Marital status
Currently married 46.5 13.0
Not married 53.3 87.0
Missing 0.2 0.0

Place of residence
Rural 66.2 64.7
Urban 33.8 35.3

ADL
Independent 87.0 81.6
Partially dependent 3.4 5.9
Dependent 9.6 12.5

Hypertension
Yes 15.3 18.0
No 84.7 82.0

Life threatening conditions
Yes 26.1 21.5
No 73.9 78.5

Feeling lonely 2.3 2.5
Missing – –

Source: Longitudinal Healthy Longevity Survey in China, 2000–2002.
Note: The means and percentages are weighted based on sample in 1998.

Model 3 of Table 24.2 shows that after controlling for age, socio-demographic
characteristics and functional and physical health conditions, including ADL and
chronic conditions, the association between SRH and mortality attenuates substan-
tially. Nevertheless, poorer health is still associated with greater mortality risks for
both men and women. Education is still independently associated with reduced mor-
tality among men and women, even when demographic and health-related factors
are taken into account.
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Fig. 24.1 Cumulative mortality by SRH among the oldest-old in China

Model 4 in Table 24.2 shows that after adjusting for “feeling lonely,” the associa-
tion between self-rated poor health and mortality further attenuates for both men and
women, although the effects of SRH are still statistically significant for both groups.
This finding provides new evidence that education and psychosocial factors play
important causation roles in partially explaining the association between self-rated
health and mortality.1

Is SRH a valid evaluation of health? Table 24.3 shows that after controlling for
the strong effect of interviewer-rated health (IRH) on mortality, the effect of SRH is
dramatically attenuated. For example, the relative risk of death for oldest-old men
who self-rated their health as poor drops from 2.4 when only adjusting for age, to 1.5
when adjusting for age and interviewer-rated health (see Model 1 in Table 24.2 and
Model 1 in Table 24.3). The result indicates that the association between SRH and
oldest-old mortality is substantially explained by a more objectively evaluated IRH.

1 Further analysis shows that after controlling for age, socio-demographic factors, physical health
conditions, and psychosocial factors hierarchically, the age-SRH interaction and age-education
interaction are not statistically significant for oldest-men and women (data not shown). This finding
indicates that age does not moderate the association between SRH and mortality, nor the relation-
ship between education and mortality among oldest-old men and women in China. In other words,
the finding provides clear evidence that SRH and years of education are two important predictors
of mortality among oldest-old men and women, regardless of age. Our results also show that after
controlling for other risk factors, the interaction of age-feeling lonely is statistically significant for
oldest-old men but not for oldest-old women. The result indicates that the independent effect of
feeling lonely diminishes with advanced age among oldest-old men in China (data not shown).
These findings indicate that the observed effects of SRH, education and feeling lonely are not
age-dependent for oldest-old men and women, except that there is an “age-flattening-effect” of
feeling lonely on mortality among oldest-old men.
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Note that the association between SRH and mortality is still statistically
significant among oldest-old men even when controlling for other socio-
demographic factors, physical health conditions, psychosocial factors, and IRH
(Model 2–4 in Table 24.3). Remarkably, SRH seems to reflect something more than
the survey data have measured. For oldest-old women, the risk ratio of mortality
for poor SRH is still statistically significant when controlling for IRH (Model 1–2
in Table 24.3), indicating that SRH reflects something independent of what IRH
is measuring. However, when both IRH and physical health conditions are also
controlled, poor SRH is no longer associated with increased mortality (Model 3
in Table 24.3). It appears that the SRH-mortality relationship can be well explained
by more objective health measures for oldest-old women. One likely explanation for
the result is that oldest-old women may evaluate their general health based on the
more objective physical health conditions.

Table 24.4 shows the multinomial logistic regression estimated odds ratios of
SRH and IRH for oldest-old men and women, respectively. The results show in
detail whether or not the same control variables, which were used in the mortality
analyses, are similarly associated with SRH and IRH. First, age shows the opposite
effect on SRH and IRH: age is clearly associated with increased odds of interviewer-
rated “ill” or “regular” health rather than “sound” health; by contrast, age is asso-
ciated with decreased odds of self-rated poorer health rather than good health. The
finding indicates a common subjective dimension of SRH among oldest-old men
and women.

Second, education is consistently associated with reduced odds of poorer SRH
and IRH for oldest-old men, whereas education is only associated with decreased
odds of poorer IRH for oldest-old women, when controlling for other variables.
For men, education is an important mediator linking the SRH-mortality relation-
ship. For women, education is not linked with SRH as closely as with both IRH
and mortality. This is likely attributable to the fact that women tend to expe-
rience more years of non-life threatening but negative minor health problems
than men; hence, women’s education differential in health may narrow more than
men’s, although education inequality in objective health and mortality may still
widen.

Third, feeling lonely is consistently associated with increased odds of poorer
SRH and IRH for both men and women. Moreover, the loneliness-SRH relationship
is slightly stronger than the loneliness-IRH relationship. This finding suggests that
psychosocial factors indeed play an important role in moderating the SRH-mortality
relationship among men and women.

Last but not least, being ADL dependent and having life threatening chronic
conditions are consistently associated with increased odds of poorer SRH and IRH
for both oldest-old men and women. The associations of the two physical health
condition variables with SRH are very strong, although not as strong as their as-
sociations with IRH. Being ADL dependent and having fatal conditions are also
associated with increased risk of oldest-old mortality; this finding further indicates
that the objective physical health conditions are also important underlying variables
linking SRH with mortality among both oldest-old men and women.
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24.4 Limitations

There were 560 respondents who could not answer the SRH question. Respondents
with missing information on SRH tend to have a greater mortality risk than any of the
other respondents who have self-rated their health at different levels (data not shown).
The majority of these respondents with missing information on SRH had no schooling,
were ADL dependent, and not able to hear the interview. The percentage of missing
information on self-rated health is slightly higher among oldest-old women (9 per-
cent) than among oldest-old men (4 percent) (Table 24.1). As such, excluding these
respondents from the analyses underestimates the strength of associations between
risk factors and mortality, especially for oldest-old women. Nevertheless, we decided
against imputing missing data with known information because hypothesis tests on
the validity of SRH in predicting mortality may have been rendered less reliable.

Controls for physical health conditions and psychosocial factors resulted in a
loss of 300 respondents with missing information. As these missing respondents are
more likely to be ill and illiterate, the estimated associations between risk factors
and mortality are also likely to be underestimated.

Our research focuses on the gender-specific mediating effects of demographic (as
measured by age), social and SES (as measured by education), physical health condi-
tions and psychosocial factors (as measured by diagnosed diseases, ADL, and feeling
lonely) on the SRH-mortality relationship of the oldest-old in China. Health behavior
is known to be an important predictor of mortality in the elderly population (Lee
et al. 1997; Paffenbarger et al. 1993). Our data show that adding physical activity (as
measured by regular exercise) changes the effect of SRH on mortality only slightly for
oldest-oldmenandwomenwhenall theselectedvariablesarecontrolled; theexception
is when the psychosocial variable is also included, the effect of SRH on mortality is
only marginally significant at the 0.05 level for oldest-old women (data not shown).
The relationship between SRH and health behavior is known to be rather complex as
SRH could influence health behavior (Idler and Benyamini 1997), and the addition of
the health behaviors would not change very much in the relationship between SRH
and overall mortality (Benjamins et al. 2004). The effect of health behavior on the
SRH-mortality relationship will be addressed in a future study.

The follow-up period for our mortality analysis was only 2 years. It is desirable
to have a longer-term follow-up. Nevertheless, the oldest-old mortality at advancing
ages already approached 50 percent in 2 years. It is possible that we could reach the
ceiling effect for follow-up studies in the near future.

The average education level of the oldest-old is very low, especially for women.
This makes the grouping of education by level difficult. As such, the effect of
education is modest.

24.5 Discussion

The research we presented in this chapter demonstrates that SRH is a powerful
predictor of mortality among oldest-old men and women in China. The finding of
a persistent “dose-response” pattern that poorer health is independently associated
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with a greater risk of mortality among the oldest-old in China is encouraging as SRH
is indeed a comprehensive indicator for general health status and future mortality of
the oldest-old men and women in China.

Consistent with findings from many other countries, our research observes cer-
tain gender differences in subsequent mortality among the oldest old in China.
Self-rated poor health poses a greater risk of mortality for men than for women in
our gender-SRH interaction analyses and gender-specific analyses after controlling
for selected covariates. As the initial effect of SRH on mortality attenuates more
for oldest-old women than for oldest-old men after sequentially adjusting for more
objective health conditions in a hierarchical approach, it is tempting to attribute
the observed gender differences to a gender difference in SRH sensitivity. That is,
oldest-old men may evaluate their SRH based more on immeasurable pre-clinical
and undiagnosed life-threatening conditions whereas oldest-old women’s SRH eval-
uation may rely more on measurable disabling but nonfatal conditions (Deeg and
Bath 2003; Idler 2003; Deeg and Kriegsman 2003; Idler and Benyamini 1997;
Verbrugge and Ascine 1987).

As Zeng et al. (2004) have noted, self-reported medical conditions tend to be
under-diagnosed and thus under-reported among the oldest-old in China. This is
partially due to the fact that health care coverage and utilization are still at a devel-
oping stage in China, especially in the rural areas, despite recent efforts to improve
health care insurance (Akin et al. 2004; Liu et al. 1999). With limited access to
health care and medical diagnoses, it is amazing that SRH is still so predictive of
mortality among both oldest-old men and women.

The present analyses reveal that despite certain gender differences in the pre-
dictability of mortality and SRH, the gender differences in associations between
selected measurable mediators and SRH (as well as IRH) are actually quite small.
Given the generally similar associations between measurable mediators and SRH
and associations between SRH and mortality, our results suggest that gender dif-
ferences in sensitivity to SRH may not be the case for the oldest-old in China.
Further research is needed to improve our understanding of underlying variables
that contribute to this finding.

It is remarkable that feeling lonely is persistently shown to be associated with
both SRH and mortality among oldest-old men and women in China. This finding
indicates that psychosocial factors do indeed play an important role in moderat-
ing the association between SRH and oldest-old mortality. It appears that SRH
reflects not only the oldest-old persons’ awareness of physical health conditions,
but also their subjective appreciation of their mental health conditions (Kaplan and
Baron-Epel 2003). The mechanism whereby excess mortality takes place among
the oldest-old who have a high score of feeling lonely appears to be expressed
through health care attention and utilization: individuals who are socially iso-
lated are less likely to get access to medical care to take care of their health
(Brummett et al. 2001).

It is also remarkable that the strength of the association between education and
mortality persists at the oldest-old stage of life in China. The effect of educa-
tion on mortality is sustained even when other socio-demographic characteristics
and physical health conditions are controlled among men and women. Moreover,
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the effects of education on mortality are often age-independent for both oldest-old
men and women.

The finding that mortality of the oldest-old in China is modifiable by education
and the “feeling lonely” psychosocial factor has important public health implica-
tions for improving the “material, social and cultural resources of elderly people” as
our finding supports the notion that “social causation plays an important role, even
ongoing at old age” (Huisman et al. 2003). Recent research suggests that expecta-
tion of life is increasing owing to “the intricate interplay of advances in income,
salubrity, nutrition, education, sanitation, and medicine,” and that likely improve-
ments in survival at advanced ages will substantially augment the need for pension,
health-care and other social necessities (Oeppen and Vaupel 2002). As educational
levels and the standard of living of the new oldest-old generations improve in the
near future, policy makers and health care providers must prepare for increased
needs for health care and social services due to likely further improvements in mor-
tality in the oldest-old population in China.
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Chapter 25
Epilogue: Future Agenda

Zeng Yi

To provide a more comprehensive profile of our work, in this Epilogue I summarize
the major achievements, some selected findings published elsewhere, and the overall
limitations of our Chinese Longitudinal Healthy Longevity Survey (CLHLS). At the
end of this Epilogue, a future research agenda is outlined.

25.1 Publications and Research Reports Resulted
from CLHLS Project

In addition to materials included in this book, as of April 2007, the CLHLS has
resulted in the following publications and research reports:

� 24 papers written in English, published or accepted for publication in the U.S. or
in European peer-reviewed journals.

� 4 chapters written in English in other books published in the U.S. or in Europe.
� 80 papers written in English and presented at international conferences.
� 4 books published in China (two of them written in both English and Chinese).
� 91 papers written and published in peer-reviewed Chinese journals.
� 3 Ph.D. dissertations written in English and successfully defended in U.S.

universities.
� 5 Ph.D. dissertations written in Chinese and successfully defended at Peking

University.
� 13 M.A. theses written in Chinese and successfully defended at Peking

University
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� (We have not yet received information about graduate students’ theses using the
CLHLS data written and defended at other Chinese universities, but we know
there are many.)

� 11 policy reports submitted to relevant government agencies.1

The lists of the published articles, books, book chapters and graduate student theses
are available at the following websites.

PKU Websites http://www.pku.edu.cn/academic/ageing and
Duke Website: http://www.grei.duke.edu/china_study

Since 1998, when we started the baseline CLHLS survey, the media has tracked
the progress of our project (training, field work, and research results) and has re-
ported many results from the study to the public. About 60 Chinese and international
media such as Xinhua News Press, the Voice of America, BBC, and the Washington
Post, as well as Science magazine, have reported the progress and findings of the
CLHLS project.

25.2 Summaries of Selected Striking Findings from the CLHLS
Published Elsewhere

25.2.1 Sociodemographic and Health Profiles of Oldest-Old
in China

Based on the CLHLS 1998 baseline survey data, we have documented demographic,
socioeconomic and health portraits of the oldest-old aged 80–105 in China, a sub-
population growing very quickly and most likely in need of help. A large majority
of the Chinese oldest-old live with their children, and rely mainly on their chil-
dren for financial support and care. Most of the Chinese oldest-old have little or
no education. Their functional capacities in daily living have declined quickly and
their self-rated health has declined moderately across the oldest-old ages. Compared
to their urban counterparts, extremely limited pension support is available to the
rural oldest-old; the rural oldest-old are significantly less educated, and are more
likely to be widowed and to rely on their children (Zeng et al. 2002). Compared
to their male counterparts, oldest-old Chinese women are seriously disadvantaged

1 .These reports discussed the economic status, physiological and mental health, cognitive func-
tion, and marriage and families of the elderly, especially the oldest-old, and also proposed some
related policy options. For example, based on data from the CLHLS and relevant studies, Prof. Hu
Angang and Prof. Zeng Yi submitted a policy report on the oldest-old to the Chinese central govern-
ment. Subsequently, the vice Prime Minister responded positively in writing, and the Whole-China
Commission on Aging Work issued an special official policy note to the State Council (2003, No.
48) about the disadvantaged group of oldest-old, using research findings from the CLHLS report
by Hu and Zeng.
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not only socio-economically but also with respect to their health status as measured
by activities of daily living, physical performance, cognitive functioning, and self-
reported health; these gender differences are more marked with advancing age (Zeng
et al. 2003). We have also discussed the need for policy related research suggested
by these findings (Zeng et al. 2002, 2003).

25.2.2 The Active Life Expectancy of the Oldest-Old in China

Based on the 1998 CLHLS baseline survey data, we have found that after age 80,
approximately 87, 8, and 5 percent of the remaining life of men living in rural
areas are expected to be in active, mild disability and severe disability statuses,
respectively. The corresponding figures for the urban male oldest-old are 80, 14,
and 6 percent, respectively. The percentages of remaining life in the active, mod-
erately disabled, or severely disabled statuses for the women living in rural ar-
eas after the age of 80 are 82, 10, and 8 percent, respectively. The figures for
their urban counterparts are 75, 18, and 7 percent, respectively. Similar patterns
of rural–urban and gender differentials are found for the life expectancies after age
90 and 100. It is clear that the percentage of remaining life in active status for the
oldest-old in rural areas is substantially higher than for their urban counterparts.
Men have a greater chance of being active at the oldest-old ages than women (Zeng
et al. 2001).

We have proposed three potential explanations for why the oldest-old living in
rural China are more likely to live active lives compared to those living in urban
areas: (1) selection, i.e., those who survive to very advanced ages in rural areas are
less likely to be frail and thus more likely to be active; (2) poorer facilities to assist
the oldest-old in daily life may force the rural oldest-old to perform daily activities
by themselves, and thus maintain their capacities for daily life for a longer time
than their urban counterparts; (3) the physical environment is likely better in rural
areas, and industrial pollution in the cities may likely worsen the health status of the
oldest-old (Zeng et al. 2001).

25.2.3 Childhood Socioeconomic Status Is Associated with Health
and Mortality at the Oldest-Old Ages

Using the unique data from the CLHLS, multivariate logistic regression analyses
show that receiving adequate medical services during sickness, or not (or rarely)
suffering from serious sickness in childhood, significantly reduces the risk of being
ADL impaired, cognitively impaired, and of self-reporting poor health by 18 percent
to 33 percent at the oldest-old ages. Estimates of the effects for five other indica-
tors of childhood conditions are similarly positive, but most of the effects are not
statistically significant. Multivariate survival analysis shows that better childhood
socioeconomic conditions in general tend to reduce the 4-year period mortality risk
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among the oldest-old; but after controlling for fourteen covariates, the effects are not
statistically significant. While we realize the limitations of lack of information about
childhood illness, the oldest-olds’ recall errors, and other data problems, we con-
clude that policies enhancing childhood health care and children’s socioeconomic
wellbeing can have large and long-lasting benefits up to the oldest-old ages (Zeng
et al. 2007).

25.2.4 The Unique CLHLS Data on ADL Before Dying Have Led
to Methodological Innovation

We found that the conventional multi-state life table approach without ADL data
before dying tends to cause biases in estimating active and disabled life expectancies
(see Fig. 25.1). This bias is due to the unreasonable assumption of no changes in
ADL status from age x to death if a person dies during the age interval (x , x + n);
the biases are sizable and statistically significant. We extended the multi-state life
table method and applied it to the CLHLS data to improve the ADL-status-based
estimates of active and disabled life expectancies (Zeng et al. 2004).

25.2.5 Extent of Disability and Suffering Before Dying
at Oldest-Old Ages

Based on information from 35 variables measuring the extent of disability and suf-
fering before dying collected in the CLHLS, we found that the male oldest-old had a
substantially higher chance of experiencing a non-suffering death than their female
counterparts. The age differences in life table proportions of disability and suffering
before dying are not substantial. We also found that ADL status reported in the
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Fig. 25.1 Percentage distribution of the underestimation of disabled life expectancies based on the
conventional method, which assumes no functional status changes between age x and death among
those who die between age x and x + 1
(Source: Zeng, Gu and Land, 2004)
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survey is a powerful predictor of the extent of subsequent disability and suffering
before dying among the oldest-old (Zeng et al. 2004; see Fig. 25.2a, b).

25.2.6 Association of Late Childbearing and Healthy Longevity
at Oldest-Old Ages

Statistical analysis of data from the CLHLS demonstrates that late childbearing after
age 35 or 40 is significantly associated with survival and the healthy survival of very
old Chinese women and men. The association is stronger for oldest-old women than
for men. The estimates are adjusted for a variety of confounding factors pertaining
to demographic characteristics, family support, social connections, health practices,
and health conditions. Further analysis based on an extension of the Fixed Attribute
Dynamics method shows that late childbearing is positively associated with long-
term survival and healthy survival from ages 80–85 to 90–95 and to 100–105. This
association exists among the oldest-old women and men, but, again, the effects are
substantially stronger for women than for men. We have discussed four possible
factors that may explain why late childbearing affects healthy longevity at the ad-
vanced ages: (1) social factors; (2) biological changes caused by late pregnancy and
delivery; (3) genetic and other biological characteristics; and (4) selection (Zeng
and Vaupel 2004).

25.2.7 Optimism Is One of the Secrets of Longevity

Our CLHLS data show that the percentages of being active in daily living, having
good physical performance capacity and normal cognitive functioning drop dra-
matically from the ages 65–69 through 100–105. The percentage reporting good
satisfaction in their current life, however, remains almost constant from ages 65–69
to 80–84 and declines slightly thereafter (Fig. 25.3). This suggests that being more
positive in one’s outlook on life is one of the secrets of longevity (Zeng and Vau-
pel 2002).

25.2.8 The Trajectories of Oldest-Old Mortality in China

We find that the Kannisto model, a two-parameter logistic formula, fits Han Chinese
death rates at the oldest-old ages better than the classic Gompertz model and four
other models. Chinese death rates appear to be roughly similar to Swedish and
Japanese rates after age 97 for both males and females. Because reports of age in
China seem to be serviceably reliable up to age 100, and even perhaps to age 105,
we believe this convergence is mainly due to mortality selection in the heteroge-
neous Chinese population. We show that in China, as in developed countries, the
rate of increase in mortality with age decelerates at the very old ages (Zeng and
Vaupel 2003).
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25.2.9 Characteristics of the Institutionalized Oldest-Old in China

Using data from the first three waves of the CLHLS, we have examined differences
in institutionalization based on sociodemographic characteristics, family caregiv-
ing resources, health practices, religious activity, chronic conditions, and mortality
risk. Our results indicate that the institutionalized oldest-old are more likely to be
younger, to be male, to reside in urban areas, to have lower family-care resources,
and to exhibit poorer health compared to those living in the community. We also
find that the 2-year mortality risk for institutionalized elders is 1.35 times greater
than for those residing in the community. However, the mortality differential is
eliminated once the sociodemographic, family caregiving, and health characteris-
tics of the oldest-old are taken into account. This study is the first to use nationally
representative data to examine differences in the institutionalized and community-
residing population of the oldest-old (age 80 and over) in China (Gu et al. 2007a).

25.2.10 Factors Affecting Place of Death and Evolutionary Theory

With data on 6,444 deceased respondents age 80 to 105 in the first three waves of
the CLHLS, we used multilevel modeling to examine how community development,
individual sociodemographic characteristics, health conditions, and health resources
affect place of death. Our results indicate that 92 percent of the Chinese oldest-old
die at home, with 7 percent dying in hospitals and 1 percent in institutions. Analyses
indicate that residents from relatively developed communities in China and those
who have pensions, and/or public and/or collective free (or subsidized) medical ser-
vices, are more likely to die in hospitals and/or institutions. Individuals with higher
socioeconomic status and worsening health are more likely to die in hospitals. We
have proposed a theory about place of death consisting of three evolutionary stages,
which might explain the disparity in the patterns of place of death in different soci-
eties (Gu et al. 2007b).

25.2.11 Sociodemographic Effects on the Dynamics of ADL
Functioning at the Oldest-Old Ages

By pooling data from the three waves (1998, 2000, and 2002) of the CLHLS, we
have shown that sociodemographic factors still play specific roles in determining
disability dynamics and its task components at the very high ages, even after control-
ling for a rich set of confounding variables (Gu and Zeng 2004; Gu and Xu 2007).
Our results also point out that the conventional method, which usually tends to ex-
clude information about ADL changes before dying because of the unavailability of
the data, yields some biases in estimating the effects of sociodemographic factors
on disability transitions, when compared with the results from analyses including
information of ADL changes before dying (Gu and Zeng 2004).
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25.3 Limitations of the CLHLS Study

As discussed by Zeng et al. (2002) and in Chap. 3 of this volume by Danan Gu,
we believe that the data quality of the CLHLS is acceptable. However, we also
realize that there are some problems in the data. For example, we found that in
the baseline survey a substantially higher proportion of the oldest-old, especially
centenarians, were unable to answer the personality-related questions, compared to
other types of questions. This may be because some illiterate oldest-old, especially
centenarians, could not understand the questions about personality, which required
them to compare themselves with a typical person of a specified disposition. We
have subsequently revised these questions in the 2000, 2002, and 2005 follow-up
surveys. However, although the personality questionnaire design and its data quality
were substantially improved after the baseline survey, the reliability index of these
particular data is still not ideal. Thus, one needs to pay special attention and to be
cautious when using the personality data derived from the CLHLS, especially the
1998 baseline survey (for more discussion, see Chap. 3 of this volume).

Another weakness of the 1998 baseline survey and the 2000 follow-up survey
was the lack of a comparative group of younger interviewees aged 65–79. This was
due to funding constraints; thus we cannot make comparisons between the oldest-
old and younger elders using the 1998–2000 data. We received additional financial
support from NIA, UNFPA, and Chinese resources to include about 5,000 younger
interviewees aged 65–79, and 10,000 oldest-old aged 80+ in our 2002 and 2005
surveys.

Similar to other studies focusing on the oldest-old, higher proxy use is a notable
limitation. The higher proxy rate is related to older age, lower education, rural res-
idence, lower cognitive functioning, and higher disability. Therefore, it would be
better to add an indicator variable (i.e., either the presence or absence of a proxy)
in the analyses when the aim of a proposed study is to examine the effects of these
factors. Furthermore, we find that item incompleteness and sample attrition tend
to be linked to age, gender, urban/rural residence, ethnicity, and health conditions.
Although it is unlikely that these limitations will significantly affect the results, suf-
ficient attention should be paid to them when verifying and reporting the outcomes
of the related data analysis (for more information, see Chap. 3 of this volume).

While we are generally satisfied with our progress and achievements in the 10
years conducting the CLHLS study, we must admit that a major weakness is that the
CLHLS study has been limited principally to social science research. We did collect
blood dry-spot samples from 4,116 voluntary participants aged 80–110 in our 1998
baseline survey (45.4 percent of the total sample). Mainly due to limitations in re-
search funds—the cost of genetic analysis has been very high (Brown 2005)—there
has been no lab analysis work undertaken of these blood dry-spot samples2; also,
no further DNA collections have been taken from the oldest-old and younger adults

2 . The blood dry-spot samples collected in 1998 are still well-preserved and could be used at a
later date.
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who subsequently and newly participated in the CLHLS study. However, it has been
shown by various published studies that about one-fourth of an individuals’ variation
in longevity and health at advanced ages is attributable to genetic factors, and the
rest, or three-fourths, is attributable to social, behavioral, and environmental factors,
in combination with genetic interactions (Herskind et al. 1996; McGue et al. 1993).
Nevertheless, the restriction so far of the CLHLS to social science research data is
a major obstacle that prevents us from developing a complete understanding of the
determinants of healthy longevity.

Recent literature has agreed that future research in this area must necessarily in-
tegrate socio-demographic and genetic analyses. This is a requirement for the devel-
opment of true and complete scientific knowledge about the determinants of healthy
longevity, and is the direction the research should go (Hobcraft 2006; Singer and
Ryff 2001; Wise 2001). For example, Vaupel (2006) recently noted that knowledge
about the genetics of human longevity is currently limited. Deeper understanding
can be reached if geneticists work with demographers to use advanced demographic
and statistical methods to study data on the genetics of long-lived individuals. One
of the main reasons why people will live healthier and longer in the future is that
medical interventions will be developed based on new genetic knowledge about
healthy longevity. We draw inspiration from the above-cited and other important
studies as well as the 296th Fragrant Hill Science Conference on Interdisciplinary
Studies on Social, Behavior, Environmental and Genetic Determinants of Healthy
Longevity organized by Professor Huanmin Yang and me, sponsored by the Chinese
Academy of Sciences.3 Indeed we plan to substantially expand our CLHLS study
into a truly integrated research endeavor that includes demographic, social, behav-
ior, environmental and genetic factors. The future agenda of our study is outlined in
the next section.

25.4 Future Research Agenda

Researchers from the fields of demography, sociology, economics, genetics, and
public health at Peking University (PKU) and the Chinese Academy of Sciences
(CAS) have recently started a pilot research project supported by PKU and CAS.
We expect that this pilot effort will lead to funded program projects for an inte-
grated interdisciplinary study of the social, behavior, environmental and genetic
determinants of healthy longevity. The integrated interdisciplinary investigations
are expected to focus on analyzing already-collected, and to-be-collected, health,
survival, socioeconomic, behavior, environmental and genetic data from centenari-
ans, oldest-old sibling-pairs, longevity families, and other elders, as well as control
groups of younger adults.

3 .We very much appreciate the support of the National institute of Aging (NIA) to cover the
expense of air tickets for selected international participants of this conference through an Admin-
istrative Supplement Award (3 R01 AG023627-03S1; PI: Zeng Yi).
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Besides adding the genetic component in our 2008 CLHLS nation-wide sam-
ple, which will be conducted in the 943 diversified counties and cities, we plan to
conduct more in-depth studies in several typical areas where the density of cen-
tenarians is exceptionally. These in-depth studies will include the following data
to be collected and analyzed by various experts: age validations, health exami-
nations (including data collection of DNA and related bio-markers with informed
consent), behavior, socioeconomics, nutrition, environmental conditions, and inves-
tigations of anthropological observations on family kinship structure and relations,
and culture.

In our forthcoming research, we will also pay special attention to some targeted
long-lived healthy individuals who are suspected to have healthy longevity related
genes, based on demographic information and statistical analyses. For example,
as mentioned earlier, Zeng and Vaupel (2004) found that those oldest-old female
interviewees who had 2+ or 3+ late births after the age of 35 or 40 had a signifi-
cantly higher probability of healthy survival, compared to other oldest-old women
who were not late child-bearers, after controlling for various confounding factors.
We plan to investigate and address research questions on whether these long-lived
healthy late child-bearers may more likely to carry certain gene(s) related to healthy
longevity and/or higher reproduction. This is just an example of the kinds of hy-
potheses that may be formulated using the CLHLS longitudinal data sets.

Integrated interdisciplinary analyses will certainly help us to better understand
how genetic and non-genetic factors, and their interactions, may affect healthy
longevity, and thus contribute to the human goal of living healthier and longer.
There is no doubt that there are tremendous difficulties and challenges ahead of
us. However, we are dedicated to continue to work hard and efficiently for science
and for society and for those senior interviewees and their family members as well
as other colleagues, friends and funding agencies that have supported our CLHLS
study since 1997.
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