
ORIGINAL ARTICLE

Predictors of 49-month mortality in Chinese nonagenarians
and centenarians in PLAD study

Chuan Zou1 • Yan Zhou1 • Birong Dong1 • Qiukui Hao1 • Shanping Chen1 •

Jianghua Zhou1

Received: 15 February 2015 / Accepted: 20 March 2015 / Published online: 7 April 2015

� Springer International Publishing Switzerland 2015

Abstract

Objective To examine whether a set of well-known pre-

dictors of mortality in younger elderly also maintain their

importance in Chinese oldest old group.

Design A cross-sectional study of 1401 inhabitants aged

90 and older were conducted in the area of Dujiangyan,

China. 825 subjects participated and were followed up for

vital status after 49 months. Professional interviewers

collected baseline data concerning socio-demographic

characteristics, lifestyle habits, physical factors and geri-

atric assessment. Bivariate analysis was conducted between

survivors and deceased. Cox regression models were used

to evaluate predictors of mortality.

Results Four hundred and thirty-six (52.8 %) of 825

participants eligible for the analysis died during the

49 months of follow-up period. Older age, comorbidity,

lower MMSE score, lower ADL and IADL scores in-

creased the risk of mortality in the study group. Multi-

variate analyses showed older age (HR = 1.03, 95 % CI

1.01–1.07) and comorbidity (HR = 1.09, 95 % CI

1.02–1.17) were associated with mortality while female

gender (HR = 0.61, 95 % CI 0.43–0.86), taking exercise

(HR = 0.80, 95 % CI 0.64–1.01) and higher MMSE scores

(HR = 0.96, 95 % CI 0.94–0.99) showed a positive effect

on survival.

Conclusion In Chinese nonagenarians and centenarians,

age, gender, taking exercise, cognitive impairment and

comorbidity at baseline show predictive power of oldest

old mortality.
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Introduction

The world population is aging. The nonagenarians and

centenarians are the fast-growing segment of the popula-

tion in recent decades both in developed country and China

[1–3]. The oldest old are more prone to suffer from frailty,

cognitive impairment, disability and chronic conditions

compared with younger elderly [4–7].

A large body of research in elderly subjects had shown

that several socio-demographic, lifestyle, physical, func-

tional factors predicted mortality such as gender [8, 9],

education [8, 10], marital status [11], self-rate health [9, 11,

12] smoking [11], drinking tea [13], depression [14], cog-

nitive impairment [15], function status [9, 11, 16] and

comorbidities [11]. Nevertheless, few studies have

prospectively examined predictors of mortality in nonage-

narian and centenarians and showed inconsistent results [3,

7, 17, 18]. The study of Danish 1905 cohort survey fol-

lowed for 15 months reported that conventional risk factors

such as socio-demographic factors, smoking, obesity lost

importance in predicting death and have been replaced by

disability and cognitive impairment [3]. Similarly in

NonaSantfeliu study aged 90 and older, Charlson index and

cognitive status were the independent risk factors for 5-

and 7-year mortality [17, 19]. Whereas, conventional

known factors such as gender, self-rate health in the Vi-

tality 90? study still predicted death after 9-year follow-up

[18].
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In the present study, we evaluated long-term follow-up

(49 months) in a cohort of non-selected population sample

aged 90 or older. The objective of this study was to identify

whether a set of well-known predictors of mortality in

younger elderly also maintain their importance in Chinese

oldest old group.

Subjects and methods

Study participants

The data were taken from Project of Longevity and Aging

in Dujiangyan (PLAD), which was a population-based

study of nonagenarians and centenarian in the city of Du-

jiangyan (Sichuan province in southwest China) in July

2005. The method of this study had been reported in detail

elsewhere [20]. In brief, all 1401 nonagenarian residents in

this city were contacted, and 62 % (n = 870 participants)

replied. Socio-demographic characteristics, lifestyle habits,

physical conditions and geriatric assessment were recorded

and performed by trained personnel during face to face

interview. Informed consent was obtained from all par-

ticipants (or their legal proxies). The Research Ethics

Committee of the Sichuan University approved this study

protocol.

Assessment of predictor variables

Socio-demographics

Questions about age, gender, marital status and education

level.

Lifestyle habits

Participants were questioned whether they have habits

(including current and past) of smoking, drinking alcohol,

drinking tea and taking exercise.

Physical conditions

Self-rated health Self-rated health was assessed by the

answer to the question ‘‘How would you rate your own

health’’ (very good, good, fair, poor, very poor). Because of

low response, the ‘very good’ were combined with ‘‘good’’

and ‘very poor’ with ‘‘poor’’ separately for statistical

analysis.

Body mass index Body mass index was calculated as

weight in kilograms divided by height in meters squared.

Blood pressure Systolic blood pressure and diastolic

blood pressure were defined by the mean of two out of

three measures using standard protocol.

Comorbidities The prevalence of 18 common medical

conditions (comorbidity) was determined using a checklist

that followed the question: ‘‘Do you suffer, or were you ever

told by a doctor that you suffer, from the following problems

in the past 1 year?’’ Chronic diseases included cardiovas-

cular disease and hypertension, diabetes mellitus, obstruc-

tive pulmonary disease, malignancy, Parkinson’s disease,

arthritis or osteoarthritis, chronic kidney disease, etc. The

number of the comorbidities was calculated for analysis.

Global geriatric assessment

Depression scores Depression was measured by geri-

atrics depression scale Chinese-edition (GDS-CD). GDS-

CD including 23 items (each has 2 options: yes or no) is

commonly used for depression test in Chinese elderly and a

score above 10 usually defined as depression, which has

been shown to be both above 85 % sensitive and specific in

previous studies [21, 22].

Cognitive function Cognitive function was measured us-

ing the Chinese version of Mini-Mental State Examination

(MMSE), Cognitive impairment was graded as severe

(0–17 points), mild (18–23 points), and not present (24–30

points). This score has been shown to be 80–90 % sensitive

and 80–100 % specific for a diagnosis of dementia [23].

Disability Functional status was measured using the

6-item Barthel index (BI) for basic activities of daily living

(BADL), and the 9-item Lawton and Brody index (LI) for

instrumental activities of daily living (IADL). Competence

is categorized on a 4-point scale ranging from complete

disability (4), severe difficulty (3), some difficulty (2), or

no difficulty (1). A summed score was calculated for

BADL and IADL separately.

Overall 49-month mortality

Vital status for the total cohort was evaluated after

49 months in August 2009 and was confirmed by local civil

affair department. Nevertheless, 47 patients (missing rate

5.4 %) lost contact because of various reasons. Patients

who had survived were compared with those deceased.

Statistical analysis

SPSS 22.0 statistical software (SPSS Inc, Chicago, IL,

USA) was used to perform the analyses. Normally,

822 Aging Clin Exp Res (2015) 27:821–827

123



distributed continuous variables are reported as

mean ± standard deviation (SD). Categorical variables are

reported as frequency and proportions. Student’s t test was

used to compare normally distributed continuous variables

and the Chi-square statistic or Fisher’s exact test was used

to compare categorical or dichotomous variables.

The 49-month survival rate was evaluated. Cox pro-

portional-hazard regression analysis was used to model the

time to death data to identify possible predictors of mor-

tality. Adjusted hazard ratios using data on persons who

only had no missing values in any of the variables were

calculated. Gender, education, marital status, living alone,

self-rate health, smoking, drinking alcohol, drinking tea,

taking exercise were used as categorical variables in the

analysis. Age, systolic BP, diastolic BP, BMI, comorbidi-

ties, MMSE, GDS-CD, BADL, IADL were used as con-

tinuous variables. First we estimated the unadjusted

association between each variable and mortality, then

conducted four mutually adjusted models with mortality:

(1) Model 1: (age, gender, education, marital status, living

alone and religion); (2) Model 2: model 1 ? lifestyle

habits (smoking, drinking alcohol, drinking tea, and taking

exercise); (3) Model 3: model 2 ? physical health (self-

rated health, systolic pressure, diastolic pressure, BMI, and

comorbidities); (4) Model 4: model 3 ? geriatric assess-

ment (GDS-CD, MMSE, BADL and IADL). The results

were considered significant when P\ 0.05.

Result

Baseline characteristics

The sample of 825 oldest nonagenarians was 90–108 years

at baseline, comprising 561 (68 %) women and 264 (32 %)

men, with a mean age of 93.6 ± 3.4 years and 27.9 %

literacy rate. 11.3 % of sample (n = 93) had a living

spouse and 51 (6.2 %) were living alone. With regard to

lifestyle habits, 63.3 % (n = 508) of subjects had history

(no matter past or current) of smoking, 44.6 % (n = 359)

drinking alcohol, 48.4 % (n = 387) drinking tea and

45.0 % (355) taking exercise. Most of the subjects

(n = 437, 56.8 %) rated their health good, 18.6 % (143)

rated bad and 24.7 % (n = 190) acceptable. The mean

values of geriatric assessment scales at the beginning of the

follow-up study period were: MMSE 14.97 ± 5.9; GDS-

CD 5.41 ± 4.4; BADL 7.10 ± 2.2, IADL 11.19 ± 6.7.

The mean body mass index was 19.23 ± 3.6.

Evaluation after 49-month follow-up

436 patients died during the 49-month follow-up period

(52.8 %), giving in the overall cohort an annual average

mortality of 17.1 %, distributed as follows: 9.9 % for the

first year, 15.0 % for the second, 21.7 % for the third,

21.3 % for the last 13-month follow-up. The median sur-

vival rate was 45.5 months.

Predictor of mortality

The bivariate analysis of baseline variables associated with

49-month survival is shown in Table 1. Patients who did

not survive were significantly older, had lower functional

(BADL and IADL) and cognitive performance (MMSE), as

well as higher comorbidity. The unadjusted Cox analysis

identified age, habit of taking exercise, bad self-rated

health, comorbidity, BADL and IADL as predictor of

mortality (Table 2). In adjusted Cox multivariate analysis,

age (HR = 1.03, 95 % CI 1.00–1.06) was the only risk

factor associated with mortality in Model 1, and in Model 2

age (HR = 1.03, 95 % CI 1.01–1.06) was still the inde-

pendent predictor of mortality and taking exercise

(HR = 0.81, 95 % CI 0.66–0.99) was shown to be a pro-

tective factor (Table 2). When adding the variables of

physical factors in Model 3, age (HR = 1.04, 95 % CI

1.01–1.08) and comorbidity (HR = 1.12, 95 % CI

1.05–1.20) were all positively and independently associ-

ated with subsequent mortality. Female gender

(HR = 0.70, 95 % CI 0.51–0.97) and taking exercise

(HR = 0.79, 95 % CI 0.63–0.98) showed protective effect.

In the last model comprising all covariates, age

(HR = 1.03, 95 % CI 1.01–1.07) and comorbidity

(HR = 1.09, 95 % CI 1.02–1.17) were still associated with

mortality while female gender (HR = 0.61, 95 % CI

0.43–0.86), taking exercise (HR = 0.80, 95 % CI

0.64–1.01) and MMSE scores (HR = 0.96, 95 % CI

0.94–0.99) showed a positive effect on survival (Table 2).

Discussion

The results of our study showed a lower 49-month mor-

tality rate, estimated to be 52.8 % in these nonagenarians

and centenarian compared with studies of similar follow-up

period. In two previous studies after 4 years of follow-up,

mortality was found to be 60 % in Finnish nonagenarian

and 62.3 % in Spanish nonagenarian [19, 24]. This dif-

ference could partly be explained due to relatively low

response rate of very old subjects (62.2 %) in this study

and different genetic, functional and environmental factors

among various aged cohorts.

The study also demonstrated that factors, often found to

predict mortality in younger elderly, such as low education,

marital status, smoking, BMI, self-rated health and de-

pression, obviously lost their importance. Male gender,

lack the habit of taking exercise, higher comorbidity and
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cognitive impairment at baseline were independently as-

sociated with 49-month mortality in this cohort of oldest.

Both age and sex are the common basic predictors of

mortality in younger elderly and oldest old in the literatures

[9, 12, 18, 25]. Similarly in our study, younger and female

participants had a lower probability of dying. With regards

to other socio-demographic factors, we found no significant

influence on mortality according to literacy, marital status

and living alone. These findings replicate results found in

other nonagenarian cohorts [3, 17, 19, 26]. As for religion,

our result showed no association with mortality, which

contradicted the existing literature in the oldest old. A

possible explanation may be attributed to different age

range of study population, that one is aged 75–94 years and

another 80–105 [27, 28].

Lifestyle factors, such as smoking, alcohol consumption

and taking exercise, had been reported to influence mor-

tality in older population but seldom investigated in 90? or

older age [29–31]. In Danish 1905-cohort survey, both

smoking and alcohol consumption had no significant effect

on mortality in nonagenarian, which was consistent with

our findings [3]. This suggests that persons who step into

their 90s have the genetic and/or environmental factors in

protecting them against toxicity of cigarette and alcohol.

Taking exercise had a beneficial effect on mortality in our

study, which parallels the results from two Chinese and

Israel aged cohorts [9, 28]. An elderly who has the habit of

taking exercise is less likely to be frail, disabled, cognition

impaired or with fewer chronic diseases which may inter-

play the result. With regards to tea consumption, a Chinese

study of 80? oldest old demonstrated a 10 % mortality risk

reduction associated with consistent frequent tea, but this

was not shown in our analysis [9]. A possible explanation

might be attributed to different age range and lack of

prominent predictors, such as comorbidity and cognitive

status in its adjusted model, which strengthened its

Table 1 Comparison of

variables associated with

49-month survival in PLAD

study

Survivors (n = 389) Non-survivors (n = 436) P

Age at base line 93.4 ± 3.4 93.9 ± 3.4 0.017

Gender 0.106

Male 113 (29.2 %) 151 (34.4 %)

Female 276 (70.8 %) 285 (65.6 %)

Education 1.000

Literate 108 (27.8 %) 122 (28.0 %)

Illiterate 281 (72.2 %) 314 (72.0 %)

Marital status 0.912

Living spouse 43 (11.1 %) 50 (11.5 %)

Unmarried, widowed or divorced 346 (88.9 %) 386 (88.5 %)

Living alone 27 (6.9 %) 24 (5.5 %) 0.469

Religion 93 (24.3 %) 104 (24.1 %) 0.935

Smoking 240 (62.8 %) 268 (63.8 %) 0.826

Drinking alcohol 164 (43.2 %) 195 (45.79 %) 0.478

Drinking tea 178 (47.3 %) 209 (49.4 %) 0.559

Taking exercise 179 (48.5 %) 176 (41.9 %) 0.073

Self-rate health 0.068

Good 216 (59.5 %) 221 (54.3 %)

Acceptable 92 (25.3 %) 99 (24.1 %)

Bad 55 (15.2 %) 88 (21.6 %)

Systolic BP (mmHg) 140.4 ± 22.2 140.2 ± 23.5 0.902

Diastolic BP (mmHg) 72.5 ± 11.5 73.2 ± 12.7 0.408

BMI 19.5 ± 3.3 19.0 ± 3.8 0.087

Comorbidities 2.38 ± 1.5 2.79 ± 1.7 0.001

MMSE 16.0 ± 5.6 14.1 ± 6.1 0.000

GDS-CD 6.5 ± 3.9 6.52 ± 4.2 0.804

BADL 6.9 ± 2.1 7.3 ± 2.4 0.011

IADL 10.5 ± 6.3 11.8 ± 7.0 0.006

BMI body mass index, MMSE mini-mental state examination, GDS-CD brief 23-item geriatric depression

scale Chinese-edition, BADL basic activity of daily living, IADL instrumental activity of daily living

824 Aging Clin Exp Res (2015) 27:821–827

123



predictive power in tea consumption [9]. A limitation in

this study is that we did not collect more detailed infor-

mation on the types and quantity of lifestyle factors in

estimating the effects on mortality.

Comorbidity is commonly present in the oldest old

population. In our study, comorbidity was measured by

self-reported number of 17 diseases and shown to be in-

dependently associated with 49-month mortality, which

was in accordance with NonaSantfeliu study after 5- and

7-year follow-up [17, 19]. Nevertheless, this finding was

not consistent with Danish 1905-cohort survey and Vitality

90? study [3, 18]. These contradictory results might be

explained by difference in calculating diseases among

studies, for example, in Danish 1905-cohort it contained 31

diseases in the list but in Vitality 90? study only 7 dis-

eases. Furthermore, these findings should be interpreted

with caution, because the severity of each disease was not

taken into account. Greater BMI is often found to be a

protective factor on mortality in older people [32, 33], but

less investigated in nonagenarian or older [34]. In our

study, no relationship between BMI and mortality was

found after adjusting all covariates, which parallels the

results from the 1905-cohort study [3]. With regards to

self-rated health, it is a common predictor of mortality in

the younger elderly [9, 11, 35]. In this study, poor self-

rated health was associated with mortality in unadjusted

model in the whole group, but did not reach significance in

multivariate analysis, which is in line with results only on

male gender in studies of nonagenarian [3, 18].

Low cognitive functioning has been one of the most

consistent and sustaining predictors of mortality in old age

regardless of different measurement in studies [3, 15, 17,

19, 25]. In our survey, we used MMSE score as a measure

of cognitive functioning and also found protective effect

(HR = 0.96, 95 % CI 0.94–0.99). A decline in functional

status has been reported as a significant predictor for

mortality in oldest old [3, 9, 18, 36]. Although ADL and

IADL were also found to be predictors of mortality in the

Table 2 Multiple regression analysis model of baseline variables for nonagenarians death after 49-month follow-up

Baseline characteristic HR (95 % CI)

Unadjusted model Model 1 (n = 825) Model 2 (n = 754) Model 3 (n = 642) Model 4 (n = 593)

Age 1.03 (1.01–1.06)* 1.03 (1.01–1.06)* 1.03 (1.01–1.06)* 1.04 (1.01–1.08)* 1.03 (1.01–1.07)*

Female (vs. male) 0.86 (0.71–1.05) 0.80 (0.62–1.02) 0.79 (0.59–1.07) 0.70 (0.51–0.97)* 0.61 (0.43–0.86)*

Literate (vs. illiterate) 0.99 (0.81–1.23) 0.90 (0.70–1.03) 0.92 (0.70–1.19) 0.91 (0.68–1.22) 1.04 (0.75–1.43)

No living spouse 0.94 (0.70–1.26) 0.96 (0.70–1.32) 0.89 (0.64–1.23) 0.91 (0.64–1.29) 0.82 (0.56–1.18)

Living alone 0.81 (0.54–1.22) 0.87 (0.58–1.32) 0.87 (0.57–1.35) 0.81 (0.50–1.33) 0.83 (0.50–1.37)

No religion 0.99 (0.80–1.25) 0.96 (0.77–1.21) 0.76 (0.76–1.22) 0.94 (0.72–1.21) 0.93 (0.71–1.21)

Smoking 1.06 (0.87–1.29) 0.99 (0.79–1.24) 1.05 (0.82–1.35) 1.05 (0.80–1.37)

Drinking alcohol 1.07 (0.88–1.29) 1.00 (0.83–1.24) 0.92 (0.72–1.17) 0.90 (0.70–1.15)

Drinking tea 1.05 (0.86–1.27) 1.01 (0.80–1.25) 0.90 (0.70–1.14) 0.84 (0.65–1.09)

Taking exercise 0.82 (0.68–0.99)* 0.81 (0.66–0.99)* 0.79 (0.63–0.98)* 0.80 (0.64–1.01)*

Self-rate health

Good 1.00 1.00 1.00

Acceptable 1.00 (0.78–1.27) 0.96 (0.74–1.24) 1.01 (0.77–1.31)

Bad 1.30 (1.02–1.67)* 1.06 (0.79–1.43) 1.14 (0.83–1.57)

Systolic BP 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01)

Diastolic BP 1.00 (0.99–1.01) 1.00 (0.99–1.01) 0.99 (0.98–1.01)

BMI 0.98 (0.95–1.01) 0.97 (0.94–1.01) 0.98 (0.95–1.07)

Comorbidity 1.14 (1.07–1.20)* 1.12 (1.05–1.20)* 1.09 (1.02–1.17)*

MMSE 0.96 (0.95–0.98) 0.96 (0.94–0.99)*

GDS-CD 0.99 (0.97–1.02) 0.99 (0.97–1.03)

BADL 1.07 (1.03–1.11)* 1.01 (0.95–1.07)

IADL 1.03 (1.01–1.04)* 1.02 (0.99–1.04)

BMI body mass index, MMSE mini-mental state examination, GDS-CD brief 23-item geriatric depression scale Chinese-edition, BADL basic

activity of daily living, IADL instrumental activity of daily living, Model 1 mutually adjusted for socio-demographic variables (age, sex, school,

marital status, living alone), Model 2 model 1 ? smoking ? drinking alcohol ? drinking tea ? taking exercise, Model 3 model 2 ? self-rated

health ? systolic pressure ? diastolic pressure ? BMI ? comorbidity, Model 4 model 3 ? MMSE ? GDS-CD ? BADL ? IADL

* P\ 0.05
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univariate analyses in our study, they lost predictive value

after adjustment for common confounders. A likely ex-

planation is that disability in the oldest old is interplayed

between gender difference, sedentary lifestyle, cognitive

functioning and comorbidity [3, 37, 38]. It is possible that

the unique predictive aspects of disability are diffused in

the presence of other prominent predictors of mortality.

Depressive symptom, measured by brief 23-item geriatric

depression scale Chinese-edition in our study, was not

found to make a unique contribution to the set of mortality,

which parallels the results from the Israel old–old

population using the Center for Epidemiologic Studies

Depression Scale after 6-, 8-, 10- and 12-year follow-up

[9].

In contrast to what is known of well-established mor-

tality risk factors among younger elderly, such as educa-

tion, marital status, smoking, BMI and depression, our

findings seem to support the ‘‘common cause’’ theory in the

oldest old that degenerative biological processes lead to the

deterioration of physical and mental functioning [39]. Age,

gender difference and comorbidity might be influential

factors to biological deterioration. Taking exercise is likely

to postpone the degenerative processes. Another possible

explanation is demographic selection that only persons

with favorable genetic makeup and adaptive environmental

characteristics could survive, the frailest persons die.

Several limitations of this study should be considered.

First, the longitudinal cohort provides evidence of predic-

tive association with oldest old population from Du-

jiangyan city; therefore, the results should be cautious to

generalize to all Chinese nonagenarians. Second, the mul-

tivariate analytical strategy using only persons who had no

missing data may have introduced some bias. For example,

232 subjects were excluded in model 4 in comparison with

model 1 because of missing data, which may influence the

predictive value of geriatric assessment variables. Third,

the result has partly been affected in a non-generalisable

way by 2008 Wenchuan earthquake near Dujiangyan [40].

Finally, causes of death were not recorded.

In conclusion, factors predicting mortality in the oldest

old differ from findings in studies of younger elderly. Our

study highlights the importance of age, gender, sedentary

lifestyle, poor cognition and comorbidity as predictors of

long-term mortality among the Chinese population aged 90

and older.
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