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Abstract

In epidemiological studies of older populations, the assessment of
functional status and disability plays an important role in comprehensively
characterizing the population. Epidemiological research in aging has used
functional measures to examine the overall health status of older adults,
understand the consequences of chronic diseases and behavioral risk
factors, and identify individuals at high risk of a variety of adverse out-
comes. Important domains are personal roles, social roles and physical
capacity. The selection of instruments and questions is guided by the
specific population in which they will be used and the objectives of the
functional assessment. A variety of approaches have been used to mean-
ingfully summarize multiple disability items. Objective physical perfor-
mance measures, most of which assess physical capacity, offer a means of
assessing functioning in a standardized environment and have found many
uses in aging research. Describing trajectories of functioning over time,
including both improvement and decline, is crucial for understanding the
disablement process. Population trends in disability are a critical measure
of health status changes in the older population. Active life expectancy, a
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measure of the remaining years of life from a specific age that are free of
disability, reflects both survival and length of high-quality life. Its exten-
sion is an important public health goal.
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ADL Activity of daily living

ANCOVA Analysis of covariance

CAT Computer adaptive testing
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IADL Instrumental activity of daily living
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Study

PEP Precipitating Events Project

PF-10 Short Form 36 Health Survey physi-
cal functioning subscale

PPT Physical Performance Test
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7.1 Introduction

While much epidemiologic research is targeted at
understanding the distribution and determinants
of a particular disease or pathological process, a
hallmark of epidemiologic research in aging is
the study of the functional consequences of
diseases and physiologic changes that occur in
aging. Although the epidemiologic study of indi-
vidual diseases that are important in aging is a
high priority, the joint impact of diseases and
multiple other physiological, psychological,

social and environmental factors in the older

population can best be understood by evaluating

the functional status of the individual. Assessing

functional status in older adults is useful because

it is:

¢ Prognostic of adverse medical outcomes

¢ Prognostic of further decline in function and
loss of independence

¢ An indicator of level of independence

* An indicator of need for formal and informal
care

* A global measure of the burden of disease

* A relevant measure of quality of life.

A large body of epidemiologic research over the
past three decades has treated disability as a con-
dition that can be studied in much the same way
as is a well-defined chronic disease: by using epi-
demiologic tools to assess prevalence, incidence
and a wide range of risk factors. This work has
led to a greater understanding of the occurrence,
determinants and consequences of disability in
the older population and has provided insights
into strategies for the prevention of disability.

7.2 Models of Disablement
and Domains of Function
7.2.1 Models of Disablement

Epidemiologic research has found a long list of
diseases to be associated with disability onset.
The most important disease categories include
musculoskeletal, cardiovascular and neurologic
conditions. In certain cases, such as stroke or hip
fracture, it is obvious how disability results from
the disease. In others, however, the onset of
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disability may occur over years and the effects of
a single or multiple diseases, health behaviors
and other risk factors (e.g., obesity, social isola-
tion) are more difficult to understand. In these
cases, epidemiologic research into the mecha-
nisms and pathways that lead to disability can be
substantially enhanced by modeling steps along
this pathway that represent the consequences of
disease on impairments and body functions.
Ultimately, disability is best conceptualized as
the gap between an individual’s physical/cognitive
capabilities and the demands of the environment,
which leads to an inability or difficulty in fulfilling
one’s social or role functions.

The most prominently employed model of the
disablement process was originally developed by
Nagi [1] and updated to include environmental
influences by Verbrugge and Jette [2]. In 1980,
the World Health Organization (WHO) introduced
a model that included disability and handicap.
More recently, the WHO updated this disability
model with a framework that introduces new ter-
minology and is less focused on the disablement
process or pathway. Instead, it proposes that dis-
ability represents a complex interrelationship of
factors [3]. A new model, based on both the Nagi
and WHO approaches, was begun in 2011 [4]. It
was developed for the National Health and Aging
Trends Study (NHATS) and funded by the United
States (US) National Institute on Aging. NHATS
is a new panel study of individuals 265 years of
age that will support research on national trends
in late-life disability and factors that influence
these trends. The steps in these three models are
shown in Fig. 7.1.

Most empiric research that addresses the path-
way from disease to disability has relied on the
Nagi framework, which operationalizes the
steps so that specific assessments can clearly be
classified as to where they fit in the pathway. In the
Nagi model, impairments are defined as dys-
function and structural abnormalities in specific
body systems (e.g., cardiovascular system, mus-
culoskeletal system), functional limitations are
defined as restrictions in basic physical and men-
tal actions (e.g., ambulation, reaching, grasping,
climbing stairs, speaking) and disability is defined
as difficulty in or inability to perform life activities

(e.g., self-care, household management, jobs,
hobbies) [2]. Functional limitations, which are
often measured using objective tests of physical
performance, are a critical link between impair-
ments, such as poor strength, and disability, such
as difficulty transferring from bed to chair or
shopping.

The WHO model does not specifically use the
term disability, but considers it a general term for
the whole process. Instead, it introduced the term
“participation” to indicate the degree to which an
individual can engage in the activities that are
important and relevant to their life. The strengths
of the WHO framework include:
¢ It changes the language we use in approaching

disability, which may have a strong effect on

perceptions and reactions to disability

* Main domains are framed in a neutral way so
that each has positive as well as negative
aspects and can represent individuals across
the functional spectrum

¢ The concept of participation provides a strong
focus on the ultimate goal of maximizing the
opportunities for all individuals with
limitations

e There is clear emphasis on the effect of the
environment and society on the experience of
disability.

However, the WHO model has not been used
to any degree by epidemiologists who study the
disablement process because it does not outline a
clear pathway to be investigated; does not clearly
operationalize the components of the model; and
while it defines activities and participation differ-
ently, it does not discriminate between them in its
combined, very-detailed list of activities and par-
ticipation, so further guidance is needed as to
how to discriminate these two domains.

The NHATS model provides clear steps in the
pathway to disability, which meet the purposes of
the study by operationalizing the concepts so
that underlying factors that are responsible for
trends in disability can be easily understood.
Measurements of both capacity (the same as
functional limitations in the Nagi model) and
accommodations are important for understanding
trends. For example, if improvements are seen over
time in self-report of ability to carry out self-care
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Fig. 7.1 The Nagi International Classification of Functioning, Disability and Health (ICF) and National Health and

Aging Trends (NHATYS) disability frameworks [4]

or domestic activities, capacity measures can be
assessed for changes and—if they have not
improved—measures of accommodation may
reveal improvement, indicating that accommoda-
tions rather than better physical function are
responsible for the decline in disability. This
model is similar to the Nagi model, but it has not
been specifically evaluated with empirical data,
which will be possible when the study has col-
lected data on a representative US population.

7.2.2 A General Approach to Domains
of Function

Whatever disability framework may be used,
there are basic domains of functioning that are

relevant in the older population. Function itself
has multiple domains, including physical, cogni-
tive, sensory, psychological and social. Within
physical functioning, three general domains are
highly relevant for the older population: personal
roles, social roles and physical capacity. The
most commonly assessed disabilities related to
personal role are self-care tasks, known as activi-
ties of daily living (ADLs). The items assessed
usually include the following:
» Eating
e Dressing
* Bathing
e Transferring from bed to chair
* Using the toilet.

Also critical for personal roles are tasks
that are required for independent living in the
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Fig. 7.2 Age-adjusted percentage of Medicare enrollees
265 years of age who are chronically disabled (receiving
help, needing supervision, using equipment or not able),

community. These are termed instrumental
activities of daily living (IADLs) and generally
include the following:

e Preparing meals

e Shopping

* Housekeeping

¢ Managing money

¢ Taking medications

» Using the telephone.

There is generally a hierarchical relationship
between ADLs and IADLs, such that nearly every-
one with disability in ADLs also has IADL dis-
ability. National and local disability statistics often
take this into account when presenting rates of
disability in these areas. Figure 7.2 shows US data
that illustrates the percentage of the US popula-
tion with disability in specific numbers of ADLs
(who generally have IADL disability as well), the
percentage with IADL disability only, and the
percentage who live in long-term care facilities.

Social roles are an important component of a
satisfying and full life, and restrictions in partici-
pation in these roles due to illness are an impor-
tant aspect of disability. There has been less
research and less assessment of these roles in
national surveys than for the ADLs and IADLs.
An instrument that illustrates these kinds of roles
is the Late Life Disability Instrument, which

1994

1999

by level and category of disability: 1984, 1989, 1994,
1999 [5]. Abbreviations: ADL activity of daily living;
IADL instrumental activity of daily living

includes ADL- and IADL-type measures but also
has a strong emphasis on social roles [6]. These
social role functions include:

e Visit friends

e Travel out of town

* Go out to public places

e  Work at a volunteer job

¢ Keep in touch with others

» Participate in social activities

e Invite family and friends into home

» Participate in active recreation

* Provide assistance to others.

The third general domain of function is physical
capacity. In developing his model, Nagi saw this
as representing functional limitations and he
developed questionnaire items that have been
extensively used to represent this domain. These
include:

e Pulling or pushing a large object, such as a
living room chair

e Stooping, crouching or kneeling

e Lifting or carrying weights under 10 pounds

» Lifting or carrying weights over 10 pounds

* Reaching arms above shoulder level

* Handling small objects.

Mobility is also an important aspect of physical
capacity. Numerous questionnaire batteries and
objective performance tests have been used to



96

assess walking and lower extremity functioning.
The Short Form 36 Health Survey (SF-36) [7]
is a commonly used scale of overall health
status, but a large part of the SF-36 is directed
toward physical functioning (physical function-
ing subscale [PF-10]). Most of the questions on
the PF-10 assess capacity, with a majority of
those aimed at mobility assessment. The PF-10
includes:

e Vigorous activities, such as running, lifting
heavy objects or participating in strenuous
sports

* Moderate activities, such as moving a table,
pushing a vacuum cleaner, bowling or playing
golf

e Lifting or carrying groceries

e Climbing several flights of stairs

* Climbing one flight of stairs

* Bending, kneeling or stooping

e Walking more than a mile

* Walking several hundred yards

e Walking 100 yards

* Bathing or dressing oneself.

Many self-report items related to capacity
were evaluated in the development of the Late
Life Disability Instrument’s function domain [8].
It was found that they aggregated into three
specific domains, which include:

e Upper extremity function (e.g., unscrew lid
without assistive device, pour from a large
pitcher, use common utensils, reach behind
back)

e Basic lower extremity function (get into and
out of a car, get up and down from a curb, get
on and off a step stool, stand up from a low
soft couch)

e Advanced lower extremity function (carry
while climbing stairs, walk a brisk mile, run to
catch bus, walk on slippery surface).

Many aspects of capacity are addressed using
measures of physical performance that are
assessed using standardized tests in a controlled
setting. A wide range of performance measures
have been developed, and the reason they work
well is probably because they likely capture the
impact of multiple chronic conditions and physi-
ologic changes that are related to aging and a sed-
entary lifestyle. Physical performance tests have
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been found to predict multiple adverse outcomes,
including mortality. Even a simple measure, such
as usual gait speed tested over a short course, has
a strong relationship with multiple characteristics
of the study participant and is highly predictive of
adverse outcomes. A meta-analysis that included
gait speed data from nine cohorts showed a clear
and consistent relationship with mortality risk
(Table 7.1) [9]. There was a steep gradient of
5-year survival across baseline gait speed for men
and women in each of three age groups, the
greater baseline gait speed being associated with
greater 5-year survival. For example, for age
group 75-84, comparing those with the slowest
gait speed (<0.4 m/s) to those walking at 1.4 m/s
or faster, the proportion surviving for 5 years was
60 and 93%, respectively, in men and 69 and
95%, respectively in women. Physical perfor-
mance measures will be further described later in
the chapter.

7.3  Assessment by Self-

and Proxy-Report

Disability is most often assessed using a self-
report format in which the patient or study par-
ticipant is asked to respond to a series of
closed-ended questions which have specific
response categories. If a study participant is too
ill or too cognitively impaired to provide
responses, a proxy may be used for certain types
of questions. Disability assessment was origi-
nally used in the clinical setting, most often to
follow-up patients in rehabilitation programs.
However, over the past few decades, its value has
developed in assessing the health of the popula-
tion as a way to characterize older adults in epi-
demiologic studies and, eventually, as an outcome
in clinical trials. Various methods of assessing
disability were created for use in different types
of studies, but standard sets of items and instruc-
tions on how to ask questions regarding these
items have never established. The basic ADLs
were proposed by Katz et al. in 1963 [10], but
even his short list has been modified over time
(e.g., his incontinence item is generally not
included in current ADL disability definitions).
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Table 7.1 Percentage (95% confidence interval) of men and women surviving 5 years by gait speed and age group

Men Women
Gait speed m/s Age 65-74 Age 75-84 Age >85 Age 65-74 Age 75-84 Age >85
<0.4 68 (47-82) 60 (38-76) 25 (15-36) 80 (71-86) 69 (58-78) 47 (40-54)
>0.4 to <0.6 77 (72-81) 57 (49-64) 31 (24-39) 88 (85-90) 75 (68-80) 61 (50-70)
>0.6 to <0.8 79 (74-83) 65 (57-71) 49 (35-61) 91 (89-93) 82 (78-86) 74 (69-78)
>0.8 to <1.0 85 (82-88) 75 (69-79) 54 (43-64) 93 (91-95) 89 (86-91) 73 (59-83)
>1.0to<1.2 90 (85-93) 83 (76-87) 68 (57-77) 96 (94-98) 91 (87-94) 61 (35-79)
>1.2to<1.4 93 (86-96) 85 (79-89) 62 (46-74) 96 (94-97) 93 (87-96) 67 (5-95)
>1.4 95 (89-97) 93 (86-96) 91 (51-99) 97 (94-99) 95 (72-99) NE
All gait speeds 87 (82-91) 74 (65-81) 46 (39-53) 93 (91-94) 84 (80-87) 64 (58-70)

Source: Adapted from Studenski et al. [9]. Abbreviations: NE not estimable due to small numbers of participants in

categories

In addition to item selection, choices on how to
ask the questions and categories of response were
often newly created for each survey or epidemio-
logic study, limiting the ability to compare dis-
ability rates across studies. Itis certainly important
to use measures that meet the requirements of a
study, but even in a small study with a narrow
focus, the use of a battery that is used for national
surveys enables one to evaluate how the study
sample compares to the general population of
older adults. In the following subsections, we
will discuss a number of issues that exist regard-
ing decision-making for the selection of self-
reported disability assessments.

7.3.1 Instrument and Item Selection

When planning a new study, an initial decision
must be made whether to utilize an existing bat-
tery of items or to pick and choose a specific set
of items to meet the study requirements. As in
any measurement decision, is advantageous to
retain a full battery of items when the battery has
had extensive methodological work on validity,
reliability and sensitivity to change because
selected components of the battery will not have
these characteristics. A number of considerations
(outlined in Table 7.2) go into determining what
kinds of disability items are appropriate for a par-
ticular situation. At the most basic level, items
used in a clinical setting may be different than
those that are most appropriate for a research
setting that is evaluating a specific population

group. A clinical setting may have the advantage
of a trained medical professional, such as a nurse
or physical therapist, compared to an epidemio-
logic research setting that uses assessors with
little medical training and in which assessor
decision-making about the study participant
needs to be minimized. In studies that have many
assessors, especially multi-site studies, full train-
ing and quality control should be implemented to
maximize inter-rater reliability and avoid site-
specific deviations in assessment that can result
in biases.

A key consideration in item selection is the
general health status of the population under
study. For example, although it is extremely
important to identify ADL disability, only about
10-15% of the total population 265 years of age
will have ADL disability. Therefore, if no other
items are selected, there will be no way to dis-
criminate across the functional spectrum for the
remaining 85%. While ADL assessment alone
may be adequate for individuals who live in a
nursing home or assisted living facility, more
information is critical for understanding the func-
tional level and needs of older adults who live in
the community. Other characteristics of the study
population (e.g., a specific disease that is the
focus of the research, impairments of the study
sample, educational level) may play a role in the
selection of items, construction of questions and
mode of administration. A study of a population
with arthritis and a study of a population with
heart disease may use the same general measures
of disability, but each study may choose to add
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Table 7.2 Selecting measures of functioning

Measure specifics

Individual, in clinical setting

J.M. Guralnik et al.

Information

Minimize false positives and false negatives, even at the expense

of ease and economy of administration

Group or population, in research setting

Often administered by multiple assessors with lower levels of

professional training
Requirements:

* High levels of inter-rater reliability

* Minimize dependence on professional judgment

¢ Be able to administer in reasonable time, with minimal burden
on the respondent

May differ by use — describe population vs. study functional
consequences of specific disease or intervention

Must consider general health status of population
to be studied

Nursing home
Disabled in community

Healthy aging

Community-dwelling, heterogeneous

Specific characteristics of population

population with a specific disease

Impairments that affect functional evaluation (hearing impairment,
cognitive impairment

Educational status

Cross-sectional vs. longitudinal measurement

For longitudinal studies, must be sensitive to change

Continuous measures may be more sensitive to change the
dichotomous measures

items that assess aspects of functional loss that
are specific to the respective diseases. Finally, the
selection of disability measures should reflect
whether they will be used only in cross-sectional
analyses or whether assessment of longitudinal
change will be an important study goal. For
example, it is important to identify the subset of a
population that has ADL disability at the baseline
of a study, but in the remainder of the population
there can be a lot of functional change over time
that will not be severe enough to be detected by
ADL measures.

7.3.2 Formulation of Questions

Three general issues must be considered when

determining the formulation of disability

questions:

* The actual performance of a task vs. the capacity
to perform

e The time interval for the respondent to
consider
e Query difficulty, the need for help, or both.

For basic self-care tasks, virtually everyone
will need to perform or get help to perform all of
the tasks. More difficult tasks may be discretion-
ary. Getting a negative response to a question
about whether an individual has walked a quarter
mile in the past month may give concrete evi-
dence that the activity was not performed, but it
gives little indication as to whether this individual
simply didn’t choose to do the task, didn’t have
the opportunity to do the task, or was incapable
of doing the task. On the other hand, asking
whether the individual is able to do the task may
force them to make a decision about their poten-
tial ability or capacity to do the task when they
have not actually attempted it recently. There is
no simple solution to this dilemma. Some surveys
query both aspects by asking those who report
not doing a task if they believe they could do it if
they tried. When asking about discretionary kinds
of tasks, it is advantageous to add to the question
aphrase about whether they don’t do it “for health
reasons”’, particularly when individuals report
that they are unable to do tasks such as IADLs,
which they may have never done.
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Research has shown that there is a great deal
of short-term change in functioning, so the time
interval that the study participant is asked to con-
sider may have a substantial impact on their
response. Many disability instruments simply
query the current time (e.g., “do you now have
difficulty...”), which is easiest for the respon-
dent. However, more disability will be identified
if a time interval is attached to the question, and
asking about “in the past year” will give higher
prevalence rates than asking “in the past month.”

Response categories that are used in disability
questions vary across studies and types of ques-
tions. The simplest outcome to assess is whether
the participant needs help to perform a task, with
the option of clarifying whether this means help
from a person, help from equipment or both. An
alternative to asking whether help is needed is to
ask whether help is received, but it should be kept
in mind that there are individuals who need help
who don’treceive it, and they will not be identified
if the question is worded to ask about receiving
help. Needing or receiving help is at the more
severe end of the disability spectrum and there is
some advantage to using questions about level of
difficulty to characterize the remaining popula-
tion that does not need or receive help. Questions
about difficulty should include a response option
to identify that the respondent is unable to do the
task in order to not miss this important subgroup
that is not able to report on difficulty (response
categories to questions about difficulty can be:
none, a little, some, a lot, unable to do).

Prevalence estimates of disability in epidemi-
ologic studies and population surveys can be sub-
stantially affected by the way that questions are
asked and the possible response categories pro-
vided. This is illustrated in Table 7.3, which
shows percentages of those with disability in a
survey for three different assessment outcomes of
ADL and mobility items [11]. Looking at a sum-
mary of these measures, the percentage with a
positive response for 1 or 2 items was 15.0% for
difficulty, 9.0% for human assistance and 12.6%
for human or mechanical assistance. The percent-
ages for a positive response on three or more
items were 8.7, 4.2 and 9.4%, respectively.

7.3.3 Innovative Approaches

to Self-Report

In addition to the traditional assessments of the
need for help and difficulty with disability items,
recent years have seen the development of inno-
vative approaches to assessment. For example, it
has been shown that individuals who don’t report
disability by traditional criteria may report that
they have modified the way they do a task or how
often they do it. In fact, a substantial percentage
of individuals who do not report difficulty will
say that they have changed the way they do an
activity (e.g., climbing stairs, doing housework)
or that they do the activity less often. The predic-
tive validity of this approach has been demon-
strated by showing that this subgroup has
intermediate rates of adverse outcomes compared
to those with difficulty and those without
difficulty or modifications [12]. An additional
approach to assessment in individuals who report
no difficulty is to query how easy it is to do a
task, such as walking a quarter mile. Table 7.4
shows objective performance test results for non-
disabled individuals (report no difficulty walking
V4 mile) that report whether walking %4 mile is not
so easy, somewhat easy or very easy, and whether
or not the participant is doing the task less often
[13]. It is clear that for all of these performance
tests, there is a gradient of function that increases
as the task is perceived to be easier and if the
individual has not resorted to doing the task
less often.

The use of video images to demonstrate an
activity solves some of the difficulties individuals
may have in deciding how to answer questions
about activities that they have not recently per-
formed [14]. In this approach, stick figure images
are shown doing multiple mobility tasks, cali-
brated for specific speeds of walking and stair
climbing. The animations also include certain
environmental challenges, such as carrying bags
of groceries, stepping across obstacles and walk-
ing over rocky terrain. This approach still relies
on someone’s self-perception of their capacity,
but it standardizes the tasks on which participants
are reporting.
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Table 7.3 Disability estimates for New England states using three different scaling methods

Difficulty/does not do

ADL activity % 95% C1
Walking 8.1 (6.9,9.4)
Bathing 12.2 (10.7,13.7)
Dressing 7.3 (6.1, 8.5)
Eating 3.2 2.4,4.1)
Getting to toilet 4.3 (3.3,5.2)
Bed/chair transfer 134 (11.8,15.0)
Getting outside 9.7 (8.3, 11.0)

Human assistance/does Human or mechanical

not do assistance/does not do

% 95% C1 % 95% C1

1.6 (1.0,2.2) 10.0 (8.9, 11.7)
8.6 (7.3,9.9) 12.5 (11.0, 14.0)
5.0 (4.0, 6.0) 53 (4.2,6.3)
1.2 0.7, 1.7) 1.2 (0.22,2.2)
2.0 (1.4,2.7) 7.5 (6.3,8.7)
3.0 (2.2,3.8) 5.5 (4.4,6.5)
7.8 (6.6, 9.0) 154 (13.7,17.1)

Source: Adapted from Jette [11]. Abbreviations: ADL activity of daily living; CI confidence interval

Table 7.4 Mean performance by category of reported functioning in walking ¥ mile among persons reporting no

difficulty. Health ABC Study

Difficulty/modification 6 m usual walk (m/s)
How easy?

Not so easy 0.94

Somewhat easy 1.09

Very easy 1.21

Do less often?

Yes 1.07

No 1.19

Source: Adapted from Simonsick et al. [13]. Abbreviation:

short physical performance battery

A particular challenge in using self-report
measures is comparing rates across countries,
ethnic groups and racial groups. This is due to
differences in the way that individuals perceive
the questions and relate them to the kinds of
activities in which they engage. In the section on
physical performance measures (Sect. 7.5), there
is a discussion about using objective measures to
calibrate responses to self-report questions.
Researchers have also used vignettes to anchor
assessments of health states. In this approach, a
hypothetical person with a specific problem is
presented and the respondent is asked to evaluate
that hypothetical person using the same format
grading scale used to assess respondents. The
vignette standardizes the specific nature and
severity of a condition, and enables the detection
of different reporting styles across countries or
cultures. These differences can then be used to
adjust observed differences in rates of self-
reported disability. This technique and others are

SPPB score Completed 400 m walk (%)
8.69 41.7
9.48 62.5

10.28 81.9
9.39 64.2

10.13 77.4

Health ABC health, ageing and body composition; SPPB

described in a comprehensive overview of
innovative methods for approaching the measure-
ment of disability in older adults in population
surveys. The overview is published by the
National Research Council and based on a meet-
ing it convened with leaders in the field [15].

7.3.4 Mode of Administration

Various modes of administration are available for
ascertaining self-reports of functioning and dis-
ability in survey research, epidemiologic studies
and clinical research. Most assessment tools were
developed for interviewer administration, but
many have been shown to be easily adapted for
telephone administration and for self-administra-
tion using a paper form at the study site or at the
participant’s home. Questionnaires that are com-
pleted by the participant have a number of advan-
tages [16]: participants can complete the form
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when convenient to them; their use reduces staff
time spent in administering interviews and reduces
the burden on participants when they are seen by
the staff; participants can obtain information that
they need, such as dates of hospitalization and
contact information for physicians and hospitals;
the instructions that are written into the form are
standardized; and the privacy of the situation
encourages more honest responses to uncomfort-
able questions. A methodological study in the
Netherlands demonstrated greater reporting of
disability in a self-administered questionnaire
compared to a face-to-face interview [17]. On the
other hand, interviews have advantages that
should be considered when deciding the mode of
administration for a study [16]. An interview is
easier for the participant in many ways and may
avoid difficulty with vision problems or low lit-
eracy. An interview may be more enjoyable,
ensuring the completion of the full protocol. An
interviewer can clarify questions to some degree,
according to the guidelines set forth by the study.
Interviewers can collect more complex data and
can minimize missing and inappropriate
responses. Finally, the respondents’ appearance
and behavior can be directly observed by the
interviewer.

7.3.5 Proxy Report

Proxy respondents may be required for research
on older populations if the study participant is too
ill to respond or has dementia. If a study has a
longitudinal component, then even if all partici-
pants can participate fully in the study at base-
line, a certain percentage of participants will
eventually need a proxy respondent to provide
information for them. It is of critical importance
to construct proxy interviews to maximize the
validity of proxy responses related to functioning
and disability, as these deficits are often the rea-
son that an individual cannot participate and there
can be substantial bias in a study that misclassifies
these individuals. A full chapter in this book deals
with issues related to the use of proxies (Chap. 6).
These issues are vital for obtaining proxy assess-
ments of functional status.

7.4  Summarizing Multiple

Disability Items

Disability is most often assessed using multiple
self-report items in a battery or formal scale. Often
these items are all scored in the same manner,
such as yes or no to questions about the ability to
perform without the help of another person or
equipment, or selection from a standard set of
ordinal responses regarding level of difficulty.
Occasionally, a battery may have different
response frameworks for different items. Regar-
dless of what types and patterns of response cat-
egories are utilized for a set of items, it is usually
necessary to aggregate responses to multiple items
of functioning and disability in order to represent
the true nature of functional status in the individ-
ual. This may not be ideal in clinical care, where
it is important to understand the specific functions
in which someone is having difficulty or needs
help, but is important in research settings to be
able to summarize an individual’s functional
deficits for analytic purposes. Common approaches
to summarizing multiple items that assess disabil-
ity include the following:

» Difficulty/inability in one or more items

e Summated scale

¢ Hierarchical scale

* Computer-adaptive testing.

When utilizing a large number of items, it is
necessary to understand whether the items repre-
sent a single underlying concept or multiple con-
cepts, which items should be aggregated and
which should be deleted. A variety of statistical
techniques (e.g., factor analysis, Rasch model-
ing) are used to develop scales that represent
underlying or latent constructs that validly repre-
sent a domain of functioning (for an example of
this process, see [8]).

7.4.1 Disability in One or More Items

The most common summarizing technique for
frequently used batteries such as ADLs and
IADL: is to classify someone as disabled in the
domain if they have difficulty or are unable to
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perform one or more items in that domain. A great
deal of publicly available data are produced in
this way, showing the percentage of the popula-
tion with disability in one or more ADL items or
one or more IADL items, stratified by various
demographic variables. For certain purposes, a
cutpoint that requires a specific number of ADL
items may be set (e.g., eligibility for long-term
care that requires inability or the need for help in
performing three or more ADLs).

7.4.2 Summated Scale

Summated scales are more complex than the sim-
ple dichotomy of disability vs. no disability. They
can be constructed in a variety of ways. The sim-
plest is to count up the number of items in which
disability is present. In the presentation of public
data, these counts are often aggregated into a few
categories, such as 1 ADL, 2 or 3 ADLs, and >3
ADLs (Fig. 7.2). More complex summated scales
may add up the difficulty score for a number of
items to get a continuous summated score of dis-
ability. This has been the case in a number of large
clinical trials with functional outcomes. An
important trial of both aerobic and resistance
exercise in individuals who have osteoarthritis of
the knees utilized a comprehensive summated
scale of lower extremity functioning [18]. This
scale contained 23 items on ambulation and stair
climbing, transfer, upper extremity functioning,
and basic and complex ADLs. Possible responses
to each item were no difficulty, a little difficulty,
some difficulty, a lot of difficulty, and unable.
Each was scored from 0 to 5, and the composite
score was an average of the items. The trial dem-
onstrated a significant difference in the two exer-
cise groups compared to an education control
group. A continuous variable such as this offers
more statistical power to show benefit in a clinical
trial, but a limitation is difficulty in understanding
what a change of a certain number of points means
in terms of real improvement in the disability that
result from this intervention. The section on
change in function (Sect. 7.6) will describe how
clinically meaningful change can be assessed for
summated scales and continuous variables.

J.M. Guralnik et al.

Another example of a summated scale that
worked well in a clinical trial is from a study that
was done to evaluate the benefits of a home phys-
ical therapy program in frail older adults which
focused on improving underlying impairments
[19]. The ADLs were scored as (0) having no
difficulty and needing no help in the past month,
(1) having difficulty but not needing help and
(2) needing help. The ADLs were walking, bath-
ing, upper- and lower-body dressing, transferring
from a chair to a standing position, using the
toilet, eating, and grooming. The scores on these
eight items were then summed. The intervention
group had an increase in disability from 2.3 at
baseline to 2.7 at 12 months, but the control group
had a significantly greater increase in their dis-
ability scores, from an average of 2.8 at baseline
to 4.2 at follow-up.

7.4.3 Hierarchical Scale

Many self-report items have a hierarchical
response pattern that is very useful in scoring the
items. In the example above, ADLs were scored
according to a hierarchy that went from “no
difficulty, no help required” to “difficulty but not
needing help” to “needing help”. It is important
to recognize that the scoring of items in a hierar-
chical manner is distinct from a hierarchical
scale, which has separate items that are them-
selves hierarchical. A simple example of the latter
is a scale that queries the ability to walk across a
room, walk 50 ft, and walk one-half mile.
Knowing that the study participant can walk a
half mile indicates that they are also able to do
the two easier tasks.

A simple hierarchical scale that has been use-
ful in epidemiologic studies includes ADLs and
higher mobility, often defined as the ability to
walk % mile and climb a flight of stairs. This
scale is hierarchical because nearly everyone who
has difficulty performing basic ADLs also has
difficulty with one or both of the higher mobility
items. Figure 7.3 illustrates research that demon-
strates the predictive validity of this hierarchical
scale. It shows the joint contribution of serum
albumin level and the three-item hierarchical
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disability scale in predicting mortality. At each
level of serum albumin, there is a gradient of risk
for mortality that goes from no disability to
mobility disability to ADL disability [20]. In
addition to being a predictor of adverse outcomes,
this hierarchical scale has also been utilized as an
outcome measure in studying predictors of
disability [21].

7.4.4 Item Response Theory (IRT)
and Computer Adaptive

Testing (CAT)

An innovative approach to using a large number
of items to efficiently assess the full range of a
domain is using IRT to develop an item bank that
is then utilized by CAT to score an individual
[22]. IRT was originally developed for educa-
tional testing and assumes an underlying latent
trait that is manifested by responses to a wide
range of items, with the level of the latent trait
related to the probability that a particular item
will be answered in a specific way. This implies a

unidimensionality to the underling trait and a
range of items that cover the full spectrum of
functioning represented by the trait. In practice, a
large number of items that are hypothesized to be
related to the trait under study are administered
and an item bank of appropriate items is devel-
oped using IRT. Once this has been accomplished,
CAT can be used to efficiently hone in on the
level of functioning of an individual by using the
knowledge gained from IRT to sequentially select
relevant questions from the item bank until a pre-
determined level of precision is obtained regard-
ing where the individual stands on the scale of
functioning. Using this approach, individuals on
each end of the functional spectrum may be asked
very different questions from the item bank, but
their position on the functional spectrum can be
determined to similar degrees of precision and
with a minimal number of items utilized.

This approach is illustrated in Table 7.5,
which shows the correlations between a CAT-
based approach and criterion physical function
scores that come from the full-item bank of 124
items. These correlations are compared with
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Table 7.5 Intraclass correlation coefficients between CAT-based and random-based scores with IRT-criterion physical
functioning scores after administering 5, 10 and 20 items, for three score ranges

Items administered Low-range (N=131)

CAT -5 items 0.87
Random - 5 items 0.64
CAT - 10 items 0.92
Random - 10 items 0.80
CAT - 20 items 0.97
Random - 20 items 0.92

Mid-range (N=521) High-range (N=150)

0.88 0.83
0.77 0.53
0.93 0.91
0.89 0.76
0.97 0.95
0.96 0.93

Source: Adapted from Haley et al. [22]; CAT computer adaptive testing; /RT item response theory

correlations between randomly selected sets of
questions from the data bank and the criterion
physical function score. It is impressive that in
the middle range of functioning, a CAT approach
that used only five items has a correlation as
high as 0.88 with the full bank of items, with
correlations nearly as high at the high and low
ends of function. This is in comparison with
correlations of <0.77 if the items were selected
randomly rather than chosen using the CAT pro-
cess. Using ten items selected by CAT increases
the correlations to above 0.90. It is thus clear
that CAT is a very efficient method of determin-
ing where an individual is on the spectrum of
functioning.

While this approach has many advantages, it
should be kept in mind that it is very different
than using a standard set of assessment items in
an evaluation. Individuals at different ends of the
functional spectrum may start out with the same
question, but will then be presented with a very
different set of questions. This can efficiently
provide a precise measure of their level of func-
tioning. However, in longitudinal studies or clini-
cal trials, a participant who has a change in
functioning may get completely different ques-
tions when returning for a follow-up visit.
Theoretically, this is the way CAT is supposed to
work, but the research community will have to
become more familiar with this approach and
accept the results of CAT. Researchers who
design clinical trials will have to develop meth-
ods to assess the power of a randomized trial that
uses this type of outcome.

7.5 Objective Physical

Performance Measures

Objective measures of physical performance have
received increasing attention as assessments that
can measure functioning in a standardized man-
ner in both the research and clinical settings.
These measures can be defined as assessment
instruments in which an individual is asked to
perform a specific task and is evaluated in an
objective, standardized manner using predeter-
mined criteria, which may include the counting
of repetitions or the timing of the activity as
appropriate. As per the Nagi model of the dis-
ability framework that was discussed earlier in
the chapter, these measures can be utilized to rep-
resent impairments, functional limitations or
actual disability. However, most are indicators of
functional limitations and can be thought of as
representing the building blocks of functioning
[23]; discrete actions that can be readily tested
and that are necessary components of the ability
to function independently in the community.

The development of performance testing was
in response to concerns that self-report of func-
tioning and disability may not be accurate.
Additionally, disability is meant to be a measure
of how well people are functioning in their own
environments and, while this is critical to know
in understanding their abilities to function inde-
pendently, it is highly related to the environmen-
tal challenges that are specific to their situation.
For example, the ADL that assesses bathing may
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have very different responses if the participant
has a walk-in shower vs. a bathtub that is difficult
to climb into. Standardized performance tests
avoid this limitation. Self-reported measures of
disability identify a small fraction of the popula-
tion that is disabled, but the remainder of the
population is not characterized according to their
functional abilities in most self-report measures.
Performance testing has the potential to expand
the spectrum across which people can be charac-
terized, and is therefore able to identify both low
and high functioning. While there are clear
benefits with performance testing, understanding
an older adult’s ability to function independently
in his or her own environment is best described
using disability assessment. Research has shown
that rather than replace disability assessment, the
use of performance measures appears to comple-
ment disability assessment in characterizing an
individual, especially with regard to individuals
who are not severely disabled.

7.5.1 Examples of Performance Tests
A wide range of performance tests have been
developed for use in the older population.

Examples of performance tests that assess both
upper and lower extremity function include:

e Pegboard test

* Picking up object

» Lifting 10 pounds

e QGait speed

e Timed up and go test

e Chair rise — single and repeated
 Stair climb.

These tests all evaluate a single task except for
the timed up and go test, which combines chair
rise and gait speed, asking the participant to rise
from a chair, walk 10 ft and then return to the
chair [24]. The tests listed above are commonly
employed, but there are others that have been
developed for specific studies or for use in specific
populations. This list does not include tests of
aerobic capacity, which also assess physical func-
tioning and may be valuable in identifying prob-
lems in older adults, but are more targeted toward
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endurance. The most commonly used of these
tests include the 6-min walk and the 400 m walk.

In addition to individual items used for perfor-
mance testing, several batteries of performance
tests have been developed to give a broader pic-
ture of functional abilities. The most commonly
used of these batteries are the Short Physical
Performance Battery (SPPB) [25] and the
Physical Performance Test (PPT) [26]. Items
used in these tests are as follows:

SPPB
e Side-by-side, semi-tandem and tandem stands,

each held for 10 s
e Four-meter walk at usual pace
* Single chair stand and if successful, five timed

chair stands as quickly as possible.

PPT
*  Writing a sentence
e Simulated eating
e Turning 360°
¢ Putting on and removing a jacket
e Lifting a book and putting it on a shelf
e Picking up a penny from the floor
e 50-foot walk test
¢ Climbing stairs (scored as two items).

The SPPB is more purely a lower extremity
function test, while the PPT is multidimensional.
Both batteries have been used in observational
studies and as outcomes in randomized controlled
trials. Each of the three components of the SPPB
is scored categorically from O to 4, and a total
SPPB score of 0-12 is created by summing the
three components. The SPPB has been found to
predict mortality, the need for nursing home
admission, and health care utilization in the over-
all older population. Furthermore, in a population
that had no disability at the time the performance
battery was administered, the score was found to
be highly predictive of those who developed ADL
and mobility disability 1 and 4 years later
(Fig. 7.4). These findings have been replicated in
other populations and with other, similar perfor-
mance measures, and indicate that there is a state
of preclinical disability—expressed as impair-
ments and functional limitations—that indicates
a high risk of proceeding to full-blown disability.
This finding also provides a way of identifying
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high-risk older adults for whom preventive
interventions may be highly effective.

7.5.2 Overview of Uses

Physical performance measures have the follow-

ing potential applications:

* Identifying high levels of functioning

e Identifying non-disabled individuals at risk of
disability

e Clinical “vital sign”

e Evaluating change in functioning and health
status

* Intervention studies

* Cross-national and cross-cultural studies.

The ability of performance tests to describe
the full spectrum of functioning, including the
high end of function, has already been described.
This is not an inherent quality of performance
measures, and only certain measures will actually
identify the highest level of functioning. For
example, the balance tests in the SPPB were
designed to be done safely in a population start-
ing atage 70 and with no upper age limit. Younger,
healthy individuals will generally be able to hold
all three stands for 10 s, and the highest performers

cannot be identified. This ceiling effect would be
useful if identifying and characterizing very high
performers were an important part of a research
project. For this reason, in some instances inves-
tigators have added more difficult balance tests,
including walking on a narrow course, a single
leg stand with eyes open for up to 30 s and, if the
participant is successful at that, a single leg stand
for up to 30 s with eyes closed, a task that few
people can fully accomplish [13, 27].

The identification of non-disabled individuals
at risk of disability is related to the ability of per-
formance measures to tap into the higher end of
the functional spectrum, but it is not necessary to
identify the very highest level of functioning in
order to accomplish this. For example, the SPPB
is scored from O to 12, with 12 being the best
functioning. While additional testing might be
able to stratify individuals with scores of 12 into
a further hierarchy of very high functioning,
the 0—12 range works very well in generally clas-
sifying the full older population. Individuals with
scores >8 generally self-report no disability, but
study of those with scores of 9—12 reveals a clear
graded risk of multiple adverse outcomes (e.g.,
disability, mortality, nursing home admission,
hospital use), indicating that in these non-disabled
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individuals it is possible to use a performance test
to characterize level of risk.

Even in individuals who have lower SPPB
scores, there will be a subset that reports no dis-
ability, but these individuals will have a higher
risk of adverse outcomes than those who report
no disability and have a score >8. This is illus-
trated in Fig. 7.4, which is restricted to non-disabled
individuals at baseline (when the SPPB was mea-
sured) and demonstrates the graded relationship
between SPPB scores and the future risk of ADL
and mobility disability. This kind of relationship
between performance in non-disabled individuals
and adverse outcomes has been examined in
many studies that extensively adjust for multiple
measures of demographics, health status, behav-
ioral and other risk factors, with virtually no
weakening of the performance—adverse outcome
relationship. Cooper et al. [28] reviewed the
associations of multiple physical performance
measures and a variety of adverse outcomes. In
the Health, Aging and Body Composition (Health
ABC) study, which included only non-disabled
individuals who have no difficulty walking a
quarter mile or climbing stairs, individuals who
had a gait speed slower than 1.0 m/s had greater
risk of future persistent mobility limitation, death
and hospitalization than did individuals who had
a gait speed of 1.0 m/s or faster [29]. What is not
yet clear is what it is about the performance tests
that make them independent predictors of aging
outcomes. It is likely that they are capturing
diverse aspects of health in older adults—includ-
ing comorbidity severity, physiologic decline
and motivation—that are not represented by the
usual kinds of potential confounders that are
studied.

Objective performance testing is beginning to
be applied in the clinical setting, though research
in this area is sparse. Busy clinicians rarely
observe the functional abilities of their older
patients but could gain much by knowing whether
the patient had functional declines over time,
which may occur even while their patient’s dis-
ease status apparently remains stable. Studenski
et al. [30] integrated the SPPB into two geriatric
outpatient settings and found that after training
the staff, the battery could be performed efficiently

107

and was well accepted by those who administered
the tests and by the patients. It showed predictive
features similar to what was found in epidemio-
logic studies of representative community-dwelling
populations. In a study in Italy, the SPPB was
performed within 24 h of hospitalization and
before discharge in geriatric patients who were
hospitalized for several different diagnoses [31].
It was demonstrated that the testing was feasible
and safe, and that the SPPB score at admission
was a significant predictor of length of stay, even
after adjustment for a comprehensive measure of
comorbidity. Furthermore, a poor SPPB score in
the test done just prior to discharge predicted
greater rehospitalization, mortality and decline in
ADLs over the year subsequent to discharge [32].
There is thus evidence for the potential advan-
tages of utilizing physical performance testing in
both the outpatient and hospital settings, but fur-
ther work will be necessary to examine just how
this might influence clinical decision-making
and, ultimately, patient outcomes.

Observing change in function and disability
are an important part of epidemiologic studies on
aging. Transitions in states of self-reported dis-
ability are a critical part of this research, but per-
formance measures offer a way of measuring
change in a setting that is standardized rather
than within the context of an environment that
itself may be changing and affecting a disability
outcome. Having measures that are precise, reli-
able and sensitive to clinically meaningful change
is of particular importance in clinical trials, and
trials that use performance tests as primary and
secondary outcomes are becoming increasingly
common. Figure 7.6a, b show results from ran-
domized controlled trials that used the SPPB and
PPT as primary outcomes.

One limitation of physical performance mea-
sures in longitudinal studies is that, over time,
individuals with the most disability are less likely
to return to the clinic for evaluations. Obtaining
high follow-up rates often requires the use of
home visits, telephone contacts and proxy inter-
views [33]. Certain performance measures, such
as the SPPB and usual gait speed, have been suc-
cessfully performed in the home setting. However
if only telephone contacts can be used, then it
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may be necessary to follow-up individuals using
self-report or proxy.

Objective performance measures also provide
a means of comparing functional status across
countries or cultures, where disability measures
may lose comparability due to environmental dif-
ferences or differential access to assistive devices.
Figure 7.5 shows results from the English
Longitudinal Study on Aging, a nationally repre-
sentative sample of older adults in England. It
demonstrates the prevalence—by age and sex—
of poor physical performance, documented as an
SPPB score of <8 and gait speed of <0.5 m/s.
Longitudinal studies have shown performance
below these cutpoints to be strongly associated
with multiple adverse outcomes. Poor perfor-
mance affects only about 10% of individuals in
their 60s, but the prevalence rises rapidly in the
70s and attains very high levels in those >80 years
of age. Women have higher rates of poor perfor-
mance than do men at all ages. When a US
national study that is doing these same tests (the
National Health and Aging Trends Study [4]) is
completed, results across the US and England
will be readily comparable, as will results from
other countries that are using these tests.

Itis not always practical to utilize performance
measures of functioning in large surveys, but
methodological work with performance measures
may help in the interpretation of differences in
self-report that are observed in the self-report of
functioning and disability. This approach, first
developed by the WHO, uses performance mea-
sures of functioning to calibrate responses to
self-report items. Using the modeling technique
Hierarchical Probit Modelling, Iburg et al. [36]
used performance tests from the National Health
and Nutrition Examination Survey (NHANES)
III to create a vector of performance that repre-
sented a latent variable which indicated the true
underlying level of performance. They then
looked at how different subsets of the population
reported disability at different levels of this back-
ground latent variable. Utilizing this approach to
assess differences in self-report across countries,
Melzer et al. [37] compared disability self-
reports from the US with the Longitudinal Aging
Study Amsterdam. A lower prevalence of dis-
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ability was observed in the Netherlands, but this
approach revealed that individuals in the
Netherlands did not report disability until they
had more reduced levels of background perfor-
mance. This indicated that differential reporting
of disability across countries might be at least
partially explained by cultural differences in how
individuals perceive and report their disability
level. This calibration technique can thus be used
to adjust disability rates to make them compara-
ble across countries, or across cultural or ethnic
groups.

7.5.3 Psychometric Properties

Psychometric properties of many physical per-
formance tests have been studied and they have
generally been found to have excellent validity
and reliability. Predictive validity has been exten-
sively examined by demonstrating the high pre-
dictive power of these tests for important adverse
outcomes in the older population, as previously
described in this chapter. Test-retest reliability is
very high when two examiners observe the same
test, and intra-observer reliability—when tests
are done 1 or 2 weeks apart—has also been found
to be high. For example, in the Women’s Health
and Aging Study, a subset of participants was
seen at home weekly and administered the SPPB
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[38]. The test-retest reliability was examined for
1-week intervals at the beginning, middle and
end of the 24-week substudy. The total SPPB
score had the highest intraclass correlations for
these three 1-week intervals, ranging from 0.88
to 0.92. The walk and multiple chair rise tests
were nearly as high, ranging from 0.80 to 0.89
and 0.76 to 0.90, respectively. The reliability of
the balance tests was somewhat lower, ranging
from 0.70 to 0.82.

In addition to validity and reliability, it is criti-
cal to examine sensitivity to change in any mea-
surement that is used for longitudinal studies or
clinical trials. Figures 7.6a, b indicate that the
SPPB and PPT respond to behavioral interven-
tions. In the Women’s Health and Aging Study, in
which women were followed-up every 6 months,
it was found that the SPPB was very responsive
to clinical events that occurred sometime within
the 6-month interval between which SPPB scores
were measured [38]. This is illustrated in
Figure 7.7, which shows the change in SPPB in
women who were admitted to the hospital with
specific diseases. The largest decline was for hip
fracture, followed by stroke and myocardial
infarction. These declines were much larger than
the decline observed in participants who had
none of these events over 6 months.
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7.6 Changein Function at the
Individual and Population

Levels

A key aspect of physical function and disability
measures in older adults is to represent the change
that occurs—both decline and improvement—in
response to aging, chronic disease, acute disease
events, psychosocial and behavioral factors, and
therapeutic interventions. All of the assessment
strategies discussed to this point have been used
to assess change, and formal evaluations of sensi-
tivity to change have been made for some of
them. It was previously described how interpret-
ing change in a summated scale (e.g., the self-
reported disability scale used for the FAST trial)
can be difficult. A more obvious kind of change
that is easy to understand is the onset of incident
disability (e.g., ADL, mobility disability) in indi-
viduals who were previously not disabled. This
approach is useful in prospective epidemiologic
studies, but investigation of change across the
total population may also require the use of func-
tion and disability scales. The interpretation of
change is particularly challenging in characteriz-
ing physical performance measures, which, due
to their excellent psychometric properties, are
ideal for capturing change with high precision,
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but for which it is not inherently obvious what the
change means.

An important contribution in this area was
the work on clinically meaningful change done
by Perera et al. [40]. They used both of the
techniques that are commonly used to define
change, distribution-based and anchor-based
analyses, and found similar results for both
approaches. Using data from observational stud-
ies and a clinical trial, they evaluated both usual
gait speed and the SPPB and found generally
consistent results for both distribution-based
and anchor-based analyses that determine small
meaningful and substantial change. Small mean-
ingful change was found to be 0.05 m/s for gait
speed and 0.5 points for SPPB score. Substantial
change was 0.1 m/s for gait speed and 1 point for
the SPPB. In the example shown in Fig. 7.5a
(Lifestyle Interventions and Independence for
Elders Pilot [LIFE-P] study), the physical activity
intervention group had a 1-point improvement in
the SPPB score from baseline to 12 months, indi-
cating substantial change, while the successful
aging health education group had improvement
that could be classified as small meaningful
change [34].

MI myocardial infarction

7.6.1 Trajectories of Functioning

Many longitudinal studies measure functioning
and disability repeatedly over time, and these
studies provide data for examining trajectories of
functioning. In particular, it is important to under-
stand how various risk factors, both those mea-
sured at baseline and those that may change over
time, affect trajectory of functioning. An excel-
lent example of research aimed at examining tra-
jectories of gait speed and how they relate to the
inflammatory cytokine interleukin (IL)-6 is
shown in Fig. 7.8 [41]. These data are from the
Women’s Health and Aging Study, and the popu-
lation is stratified by tertiles of IL-6. There is a
graded relationship between IL-6 tertile and
baseline gait speed, with slower gait speed related
to higher IL-6. Women in all strata of IL-6 had a
decline in gait speed over a 3-year follow-up but
there is a significantly steeper decline in those
who had higher IL-6. This difference in trajecto-
ries was further examined to evaluate whether
muscle strength was a mediator of the IL-6—gait
speed association. In models that added muscle
strength data over time, there was a substantial
attenuation of the IL-6-gait speed relationship,
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giving evidence that [L-6 may affect gait speed
through its impact on loss of muscle strength.
Trajectory of change in measures of function-
ing may be more powerful predictors of subse-
quent outcomes than are baseline measures alone.
For example, in the Women’s Health and Aging
Study II, the trajectory of decline of handgrip and
hip flexion strength in up to six subsequent
assessments was a significant predictor of subse-
quent mortality in a sample of non-disabled
women who were 70-79 years of age at baseline,
even after adjusting for baseline values of strength
[42]. Trajectories of functioning can also be quite
valuable as outcome measures in studies of pre-
dictors of functional status as they may be more
accurate measures of change than a single out-
come assessment. In studying patients with

Follow-up Time (years)

peripheral artery diseases, McDermott et al. [43]
evaluated changes in a number of functional out-
comes and found that study participants who
were more sedentary at baseline (operationalized
by asking about number of hours spent sitting per
day) had a steeper decline (over up to 4 years) in
usual gait speed, fast gait speed and distance
covered in a 6-min walk test.

7.6.2 Progression: Catastrophic
and Progressive Disability

Longitudinal data provide a means of examining
differences in trajectories of functioning or
disability in those who develop substantial dis-
ability. This is illustrated in the concepts of
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Fig. 7.9 Proportion of individuals with catastrophic and progressive disability among those who developed severe
disability during the follow-up period, by age group and gender [44]. Abbreviations: M men; W women

catastrophic and progressive disability. These
concepts were developed by examining trajecto-
ries of disability in individuals who eventually
developed severe ADL disability, defined as the
need for help or inability to perform three or more
of six ADLs [44]. Using longitudinal data col-
lected annually prior to the development of severe
disability, catastrophic severe disability was
defined as having no ADL disability in the 2 years
prior to the onset of severe disability, while pro-
gressive severe disability was defined as having
disability in one or two ADLs in the year prior to
the onset of severe ADL disability. Among indi-
viduals who developed severe disability, the dis-
tribution of catastrophic and progressive severe
disability by age group and sex is illustrated in
Fig. 7.9. Catastrophic disability is the main type
of disability in men and women 65-74 years of
age, but this pattern is reversed in the >85-years-
of-age group, where 60% of severe disability is
progressive. The prevention of disability is quite
different for these two patterns of disability onset.
The main way of reducing catastrophic disability
is the prevention of diseases that lead to catastrophic

disability (e.g., stroke, hip fracture), whereas an
important means of preventing progressive dis-
ability is the reduction in the impairments and
functional limitations that accompany many
chronic diseases of aging and lead to steady func-
tional decline, the so-called geriatric model of
functional decline.

7.6.3 Recovery, Interval of Recall

As experience with longitudinal studies of aging
was acquired, it became evident that the transi-
tion to disability is not an absorbing state and that
recovery from disability is common. This was
first demonstrated in prospective studies that had
intervals of at least 1 year between assessments,
so the true dynamics of recovery and then poten-
tial return to disability in the short term was
unclear. Recovery has best been characterized in
the Precipitating Events Project (PEP) [45], a
cohort study of 754 community-dwelling adults
>70 years of age who were not disabled in ADLs
at baseline and were followed-up with monthly
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telephone interviews over several years.
Individuals who were termed frail (determined
by slow gait speed) were oversampled. During a
follow-up period of >4 years, 56% reported dis-
ability (the need for help or instability in one or
more of four ADLs: bathing, dressing, walking,
transferring). Overall, 81% of these individuals
recovered, becoming non-disabled in all four
ADLs over the subsequent year, and among those
who recovered, a full 57% remained non-disabled
for at least 6 months. Recovery was less likely in
individuals who had cognitive impairment, phys-
ical frailty or severe disability (three or four
ADLs at the onset of their disability).

The PEP study also enabled the exploration of
recall of disability in individuals who were not
currently reporting disability, but who had a
month or more of disability reporting in the pre-
vious year [46]. Only about half of individuals
who had reported in the monthly phone assess-
ments that they needed help with one or more of
the four ADLs recalled that they had this disabil-
ity when queried at the end of the year following
the year in which they had recovered. Since even
a short disability episode has been found to put
older adults at higher risk of long-term adverse
outcomes compared to those who never had dis-
ability, it is important to note that half of disabil-
ity episodes are not recalled when participants
are interviewed on an annual basis. Accordingly,
with longer time intervals between assessments,
there will be greater under-ascertainment of inci-
dent disability cases.

7.6.4 Joint Effect of Disability
Transitions and Death: Active
Life Expectancy

There is interplay among age at transition to dis-
ability, duration of disability, and length of life
that determines the number of years that older
adults live in the disability-free state (termed
active life expectancy) and the number of years
spent in the disabled state. Life table analyses
have been used to partition total life expectancy
from a specific age into active and disabled life
expectancy, utilizing data from population-based

longitudinal studies on transitions from the
nondisabled state to disability and death, and
from the disabled state to nondisability and death.
This approach is important for understanding
how factors that affect both death and disability
have their impact on active and disabled life
expectancy. The approach is also critical for
determining whether population increases in total
life expectancy that are occurring throughout the
world are due to the prolongation of years spent
in the disabled state, or to increases in active life
expectancy, years free of disability and with
higher quality of life. The reduction of years
spent with disability has been termed compres-
sion of morbidity, and it represents a decrease in
disabled life expectancy that results from com-
pressing chronic disease and disability into a
smaller number of years between disease and/or
disability onset and mortality.

There has been little nationally representative
longitudinal disability data collected using iden-
tical instruments over time to allow for the exam-
ination of trends in active and disabled life
expectancy. One example of where this has been
possible is in the Current Beneficiary Survey, a
multistage, longitudinal survey of the US
Medicare population that was sponsored by the
US Centers for Medicare and Medicaid Services.
Figure 7.10 shows data from samples whose
evaluations started in 1992 and 2002, and went
on for up to 4 years [47]. All 1-year transitions
for which data were available contributed to the
estimates. Women had a modest increase in total
life expectancy of 0.3 years, which resulted from
an increase in active life expectancy of 0.7 years
and a decline in disabled life expectancy of
0.4 years. Disability in this case was defined as
having difficulty in any one of six IADLs and six
ADLs. The analyses partitioned disabled life
expectancy into three categories, years lived with
IADL disability only, moderate ADL disability
and severe ADL disability (difficulty with three
or more ADLSs). In women, 0.3 of the 0.4 years of
decline in disabled life expectancy resulted from
a decline in severe ADL disability years. Men
had a substantial gain in total life expectancy of
0.8 years, which was due entirely to increases in
active life expectancy. Overall disabled life
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Fig. 7.10 Total active and disabled life expectancy, 1992 and 2002, from the Medicare Current Beneficiary

Study [47]

expectancy was virtually unchanged, with no
change in life expectancy with IADL disability, a
0.1 year increase in moderate ADL disability and
a 0.2 year decrease in severe ADL disability. On
the whole, this presents an optimistic picture of
improvements over time in the older population,
with substantial increases in active life expec-
tancy and moderate to slight decreases in disabled
life expectancy.

7.6.5 Trends in Disability

Because disability status is a good way of repre-
senting overall health status in older adults who
have complex patterns of disease, and because
disability also has direct implications for the
long-term care needs of an older adult, there has
been much interest in evaluating disability trends
over time. Although a number of cross-sectional
national surveys now assess disability, uniform
disability assessment done over time has been
available only since the mid-1980s in just a few
studies that have nationally representative sam-
ples. Although these studies use different assess-
ment instruments, a convincing decline in age- and
gender-specific rates of disability was observed
from the mid-1980s through the 1990s [48].
The National Long Term Care Survey has similar

assessments of ADL and TADL disability avail-
able from 1982 through 2005, and recent findings
indicate that the decline in disability observed for
the first 12 years of the study continued and actu-
ally accelerated from 1994 through 2005. In
another study that utilized reports of functional
limitations—including lifting and carrying 10 Ibs,
climbing stairs, walking % mile and seeing words
in a newspaper—changes in prevalence were
evaluated between 1984 and 1993. Declines were
seen in the inability to perform all four of these
tasks in the >65-years-of-age population and in
the >80-years-of-age population. The functional
limitations evaluated in this study, which assess
more basic tasks than disability, are an excellent
way to follow trends over time because they are
less influenced by changing roles that can affect
disability assessment (more men cooking in more
recent surveys and more women managing
money).

The observed declines in disability and func-
tional limitations through the 1980s and 1990s
were attributed to anumber of factors. Educational
status is strongly associated with disability, and it
has been estimated that in more recent cohorts,
from 25 to 75% of the observed functional
declines are related to a higher educational level
in more recent cohorts. Improving educational
level and socioeconomic status in general likely
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Health and Nutrition Examination Surveys (NHANES) in
1988-1994 and 1999-2004 [49]. (a) Prevalence of basic
activities of daily living disability. (b) Prevalence of

have their impact on disability improvement
through changes in behavioral risk factors, reduc-
tions in the prevalence of several chronic dis-
eases, utilization of medical care, improved
cognition and other less well understood factors.
Other proposed explanations for the decline in
disability include changes in nutrition and public
health at the time when these cohorts were young,
improved health promotion and medical therapy
in more recent cohorts, and better utilization of
assistive devices and technology.

Several recent studies have offered evidence
that these positive trends in disability prevalence
decline may not be sustained in the future. In
Fig. 7.11, data are shown from the NHANES
study regarding prevalence rates of disability
from the periods of 1988-1994 and 1999-2004
[49]. It appears that in the oldest subset (those
>80 of age), the more recent cohort has identi-
cal rates for ADL and IADL disability and
lower disability rates for mobility disability and
functional limitations (e.g., difficulty stooping,

(c) Prevalence of mobility disability (d) Prevalence of
functional limitations

crouching or kneeling; lifting or carrying 10
pounds; and standing from an armless chair).
This is perhaps a vestige of this cohort doing
better since mid-life. However, among the two
younger age groups (60—69 and 70-79 years
of age), the more recent cohort had higher
disability rates for all of the measures, with most
of them being statistically significant increases.
This poorer picture for the “young old” in this
national data set—which reflects recent increases
in obesity and diabetes, both of which have
major impacts on disability—may be a warning
sign that in the future, the disability and health
status of the older population may not be as
good as in the current population. This argues
strongly for the careful assessment of trends in
the older population, with the institution of
better strategies—in both disease prevention and
therapy, as well as in improved behavioral risk
factors—to reduce functional decline and dis-
ability in this rapidly growing segment of the
population.
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7.7 Summary

The assessment of physical functioning and dis-
ability is a component of nearly all epidemiologi-
cal studies of older adults. There is a wide variety
of measures to choose from and many decisions
must be made when determining which assess-
ments best fit a study that is being developed.
Many aspects that are vital in making these
choices have been discussed here. It is typically
necessary to customize assessments for a particu-
lar study. Even the various large national studies
that are supported by the US government often
use different approaches to measuring disability.
However, there are also advantages to having
consistency in the way disability is measured.
Having a small core of items that are asked in the
same way on all studies would enable direct com-
parison of the populations being studied. A simple
performance test, such as a gait speed test done in
a standardized way, would also be an excellent
assessment for comparing across studies. It would
provide a simple measure of capacity that is free
of the environmental challenges that differ across
subsets of the population and have a strong impact
on disability. Overall, there is evidence that self-
report and performance measures complement
each other and that both will add useful information
in a comprehensive assessment.
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