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Abstract

PHYSICAL FUNCTIONING IN ELDERS: TESTING THE FIT OF A CONCEPTUAL
MODELUSING STRUCTURAL EQUATION MODELING

Jill Anne Bennett, PhD, RN

University of California, San Francisco, 2000

The purpose of this study was to determine whether the Functioning and Activity

Model, a conceptual model for studying physical functioning in elders, fit the data from

the Community Healthy Activities Model Program for Seniors (CHAMPS) (Stewart et

al., 1998). The data were analyzed using structural equation modeling (SEM), a

technique that permits the simultaneous analysis of many hypothesized associations

among variables, including indirect effects and multiple outcomes.

A random sample of members of two Medicare HMOs in northern California was

screened for eligibility in the CHAMPS study. Baseline data were collected in 1996 from

249 medically stable participants, aged 65-90, who lived independently in the

community. 173 of the participants were physically underactive and 76 were active. The

SEM analysis reported in this paper used baseline data from individuals in both these

groups (N = 225) who had no missing data on the measures used in this analysis.

The SEM analysis of the fit of the CHAMPS data to the conceptual model was

conducted using the AMOS 4 computer program for structural equation modeling

(Arbuckle & Wothke, 1999). The model contained six hypothesized predictor variables

measured by self-report: pathology, obesity, age, gender, socioeconomic status, and

symptoms. One predictor, fitness, was measured by a timed walk test. Three outcome
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variables in the model represented separate hypothesized levels of functioning: 1.

physical functioning measured by performance tests, 2. physical functioning measured by

the physical functioning scale of the SF-36, and 3. activity participation measured by the

SF-36 role functioning scale and social functioning scale.

Results showed that the physical functioning and activity outcomes were each

predicted by different groups of variables, supporting the hypothesis that the physical

functioning and activity variables in the model represent different concepts. The

goodness-of-fit index (GFI) for the model was .98, indicating that approximately 98% of

the variance in the data was explained by the model. The strongest predictor variable in

the model was presence of symptoms, which predicted self-report of difficulty in physical

functioning (standardized path coefficient = -.49, p < .001) and activity participation

(standardized path coefficient = -76, p < .001).

Jeanie Kayser-Jones, RN, PhD, FAAN
Chair, Dissertation Committee
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CHAPTER 1: THE STUDY PROBLEM

The purpose of this dissertation is to provide theoretical, empirical, and statistical

support for a conceptual model of physical functioning, an important concept in both

gerontological research and clinical nursing practice. Functional assessment of elderly

patients is reported by nurses in hospital records, the Minimum Data Set of long-term

care facilities, and some outpatient records. In addition, nurse scientists use the concept

of functional ability as an outcome measure in health-related research studies.

Though functional assessment is a key concept in gerontology, researchers and

clinicians have not agreed on a definition for functioning or how it should be measured.

Some nurses assess an elder's functioning by asking about difficulty with self-care tasks,

such as bathing, dressing, and other tasks measured by the Index of Activities of Daily

Living (ADL), designed in the 1960s (Katz, Ford, Moskowitz, Jackson, & Jaffe, 1963).

Other researchers and clinicians ask about additional tasks, called Instrumental Activities

of Daily Living (IADL), such as ability to use the telephone, write checks, and other

similar tasks (Lawton & Brody, 1969). Some nurses use scales that measure difficulty in

body movement tasks, such as walking, stooping, and reaching. Not only do nurses use

different scales to assess functioning, they use different terms for the outcome, such as

functional status, functional independence, functional disability, or physical functioning.

The conceptual confusion caused by different definitions and measures for

functioning in elders has consequences for research and clinical nursing practice. For

example, elders who have low levels of functioning are often categorized as “disabled” or

“dependent” in research studies, in elinical practice, and in documents that form the basis

(or public policy decisions. However, there is no consensus about the level of
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functioning that constitutes “disability”, nor about the tasks that should be used to define

it.

In fact, it is difficult to understand the term “disability” without knowing the

context in which it is used. A person may be called disabled because he or she cannot

perform the tasks needed to live independently, or because he or she has a physical

impairment that inhibits mobility. Though the author of this paper would prefer not to

use it, the term disability is so common in the literature and in public policy documents,

that use of the term cannot be avoided. Therefore, disability will be used in this paper as

it was defined by Nagi in 1976; disability means limitations in performing social roles

and activities of work, family, or independent living. Nagi's model of disability has been

widely accepted and presumably his definition of disability is similar to that of others

who use the term.

The research reported in this paper was undertaken in an attempt to resolve some

of the conceptual and measurement issues that arise in the assessment of functioning in

elders. A new model will be presented that builds on tradition and prior empirical studies

to define three distinct conceptual levels of functioning and activity that can be measured

by specific tasks. The development of this model, the Functioning and Activity Model

(FAM), will be presented in the context of traditional models of disability that may no

longer be relevant for contemporary health care of elders. The FAM represents a

conceptualization of functioning as a dynamic process in which an elder may either

improve or decline in ability to perform tasks, and this conceptualization will be

supported in a review of the physical functioning research literature.



This investigation tested the validity of the theoretical FAM model by fitting the

conceptual model to empirical data using structural equation modeling. The overall fit of

the FAM to the data will be reported and the individual relationships among variables in

the model will be discussed. Finally, the results will be summarized with a focus on the

utility of the findings for nursing research and clinical practice.

The Changing Concept of Health

Understanding physical functioning in older adults is important because the

meaning of “health” is changing for both health care providers and patients. Emerging

notions of the meaning of health are modern revivals of ancient Greek and Chinese

concepts. Practitioners in those cultures equated health with balance, both internal

balance of bodily functions and external balance with the surrounding environment

(Breslow, 1989). The concept of health in the ancient Greek tradition continued in the

Western world until the biomedical revolution of the 19* century, when industrialization

and urbanization led medical practitioners to focus on cures for infectious diseases. At

that time, scientific discoveries of the pathogeneses of diseases, the identification of

micro-organisms, and the technological treatment of medical conditions led to a new

belief that health could be defined as the absence of disease, rather than as the ancient

concept of balance. Therefore, health care providers concentrated on curing disease and

preventing death in their patients.

Medical science was very successful in fighting disease during the last hundred

years. Many infectious diseases have been controlled, longevity has increased, and the

proportion of the American population that is over age 85 has grown. Consequently, at

the end of the 20° century, health care providers now focus on managing the chronic
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conditions that affect the growing number of adults who are living longer lives. Thus, the

concept of health has returned to the ancient idea of balance, which might be defined as

the potential to live fully (Breslow, 1989). Today, many older individuals are balancing

medical treatments, environmental modifications, and lifestyle changes in order to

manage chronic conditions and maintain health.

The maintenance of physical functioning is part of the dynamic process of

balancing an elderly individual's physical and cognitive condition and that individual's

ability to perform purposeful activities. In keeping with the idea of health as balance,

physical functioning may be conceptualized as a continuum of ability to perform tasks

and activities. For example, the inability to perform tasks may be an acute, temporary

result of a change in equilibrium or, on the other hand, a decline in physical functioning

may be progressive and chronic. Thus, prevention of decline in physical functioning is

part of health maintenance for elders and their nurses, who are often in a position to

notice and intervene when an individual’s health balance is changing.

The Growing Population of Elders

Health assessment, including physical functioning assessment, is vital to

maintaining the independence and quality of life of elderly Americans, a group that grew

more than twice as fast as the rest of the population during the last two decades (U.S.

Senate Special Committee on Aging, 1988). Currently, approximately 34 million people

in the United States are over age 65 and about 4 million of these are aged 85+ (U.S.

Bureau of the Census, 1998). This group of “oldest old” is of particular interest to

researchers who investigate physical functioning. Not only are elders over age 85 likely

to suffer some form of physical impairment, they also comprise the fastest growing
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segment of the U.S. population, a segment that will quadruple to 18 million by 2050

(Schneider, 1999).

Disability and Public Policy

Attempting to determine the prevalence of low levels of physical functioning in

elders provides an example of the difficulties caused by the lack of conceptual clarity for

disability. U.S. census statistics report that one out of four elders aged 65 and older has

at least a mild degree of functional disability (U.S. Senate Special Committee on Aging,

1988). However, disability prevalence statistics must be used with caution, because

different methods have been used in the past to measure disability. For example, one

study of elders over age 70 found that questions about “difficulty” in activities produced

disability prevalence estimates that were from 1.2 to 5 times greater than estimates

produced when the disability questions asked about the need for “assistance” (Jette,

1994a).

Imprecise measurement of physical functioning may result in inaccurate estimates

of physical disability in the elderly population, which can have serious consequences for

public policy. For example, the National Medical Expenditure Survey in 1987 estimated

that there were 60 percent more elderly people with ADL problems than did the National

Health Interview Survey Supplement of Aging in 1984 (Wiener, Hanley, Clark, & Van

Nostrand, 1990). These are large databases (n = 5750 and n = 16,148 respectively) of the

type often used to formulate public policy, and, therefore, the measurement methods used

to define low levels of physical functioning in these studies can affect their findings and

may influence national budget and health issues.
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Because estimates of the prevalence of disability vary so much, it is difficult to

estimate the health care costs of disability in the elderly population. However, there is

general agreement that elders are the heaviest users of health services, accounting for 30

percent of hospital discharges, 20 percent of doctor visits, and 33 percent of the country's

personal health care expenditures, though elders comprise only 12 percent of the

population (U.S. Senate Special Committee on Aging, 1988).

Unfortunately, it is impossible to know how much money has been spent for

problems related to disability in particular. However, it is logical to assume that disabled

elders are incurring a substantial portion of these medical expenditures, about two-thirds

of which are paid by Medicare, Medicaid and other government programs (American

Association of Retired Persons (AARP), 1996). Because the public sector cost of

disability is probably high, and the effect of disability on the individual can be

devastating, it is critical for clinicians and researchers to reach a consensus on the

definition and measurement of physical functioning in elders.

Disability and the Individual

Elders have many more chronic conditions than acute, life-threatening illnesses

(Verbrugge & Patrick, 1995) and the likelihood that a chronic condition will cause an

individual to limit activities and increase use of health services rises with age. For

example, arthritis is the number one cause of difficulty in performance of tasks for both

men and women aged 45 and older. Arthritis is also very common; it afflicts more than

half the women over age 65 and a third of the men of the same age (Verbrugge & Patrick,

1995). Based on these figures, it would be logical to conclude that most elderly

Americans suffer declines in their performance of everyday tasks and social activities,

:



but this is not so. In fact, many elders up to age 85 report no limitations in ability to

perform typical functional tasks (Breslow, 1989).

Two things should be considered about these data. First, in contrast to the

prevailing view that old people are frail and sick, many elders may indeed be healthy, as

defined by the new concept of health, because they are balancing chronic conditions,

medical regimens, exercise, and activities. However, a second possibility is that physical

functioning was measured so crudely in some studies that declines in ability were

undetected or underreported. Perhaps subjects with various low levels of impairment

were lumped together as healthy, while only those with higher levels of disability were

recorded as disabled. If so, the result of such measurement would be an inaccurate

picture of the prevalence of disability in elders.

The categorization of elderly individuals can be an unfortunate outcome of the

traditional measures of physical functioning, such as ADL and IADL instruments, in

which patients are asked about their abilities to perform tasks. Typically, each task is

scored on a 2-point (yes/no) or 3-point scale, the items are summed, and the score is

dichotomized to “functionally dependent” or “independent”. If the threshold for

dichotomization is drawn at a high level of dependency, patients with more modest

declines in physical functioning will not be recognized at all. Conversely, if the threshold

is low, there will be no differentiation among severe levels of disability.

Because researchers choose different thresholds for dichotomization, this lumping

of individuals into crude categories may account for the differences in estimates of

disability prevalence and the inability to estimate the national costs of disability in elders.

In addition, individuals may be affected by categorization; those categorized as
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“independent” may not get assistive services that are needed, while those categorized as

“dependent” may include individuals whose physical functioning is adequate to maintain

independence, but who begin to see themselves as disabled because of the label.

In conclusion, there is a need for a clear definition of physical functioning and the

identification of risk factors for disablement in elders. In addition, physical functioning

should be measured in a consistent manner, with scales that use a range of values to

indicate different levels of difficulty, rather than measures that use a few categories. A

conceptual model of physical functioning could provide guidance in defining the concept

and measuring the different levels of physical functioning experienced by elders.

Review of Models of Disability and Physical Functioning

Conceptual schemes, or models, are the basic framework around which research,

clinical care, and health policy are built. Physical functioning is a dynamic process that

may vary from time to time depending on an elderly individual's health or the presence

of environmental or social factors. A conceptual framework defines the concepts,

establishes their relationships, and guides the measurement of those concepts. Therefore,

a conceptual model of physical functioning in elders should be useful to:

1. define how the continuum of physical functioning should be measured;

2. predict the effects of pathological conditions on an individual’s physical

abilities and performance of tasks;

3. describe the effect of precursors, such as behavioral risks or personal

characteristics, that may affect an individual's level of physical functioning;

4. specify points at which an intervention would have the greatest effect in

enhancing physical functioning.
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In the past, the focus of conceptual models of physical functioning in elders was

on disability, the loss of physical abilities. In the 1990s, newer models of physical

functioning have evolved that retain some of the concepts from earlier models of

disability, while incorporating the concept of physical functioning as a dynamic process

in which physical abilities improve or decline as a person becomes older depending on

various personal and environmental factors. The move away from the assumption that

physical functioning is expected to decline to disability in old age is part of the current

interest in studying “successful” or “healthy” aging. The ongoing development of new

models of functioning is part of an interdisciplinary effort among gerontologists to

measure the levels of physical functioning, establish the determinants of change in

functioning, promote optimal functioning through interventions, and prevent disability.

The Nagi and World Health Organization Disability Models

The first conceptual model of disability, developed by Saad Nagi in 1976, had

four concepts: pathology, impairment, functional limitation, and disability (Nagi, 1976).

In 1980, the World Health Organization (WHO) published a disability framework called

the International Classification of Impairments, Disabilities, and Handicaps (ICIDH).

This model is similar to Nagi's framework, but the ICIDH model had four slightly

different concepts: disease, impairment, disability, and handicap (World Health

Organization, 1980). These two models have guided gerontological researchers for many

years and both are still in common use. New proposals for models of physical

functioning, such as The Disablement Process (Verbrugge & Jette, 1994) and the

Functioning and Activity Model (Stewart & Painter, 1998) have some concepts that are

based on these early disability models. It is important, therefore, to explore the
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differences between the two classic models by Nagi and WHO in order to understand the

recent proposals for newer models of physical functioning.

The Nagi and ICIDH disability models, shown in Figure 1, each have four

concepts that mark stages along the path to disability, or loss of most physical

functioning. In the Nagi scheme, the first concept, active pathology, means a disruption

in normal cellular processes, which can result from disease, trauma, metabolic processes

or other causes. The second concept, impairment, is a dysfunction at an individual's

organ or tissue level and the third, functional limitation, is a restriction on an individual's

performance at the level of the person. The functional limitation concept is explicitly

differentiated by Nagi from the fourth concept, disability, which is a limitation in

performance of socially defined roles or tasks within an environment. Thus, in Nagi's

model, functional limitation is strictly a personal attribute, a difficulty in performance

that can be measured without going beyond the level of the individual. In contrast,

disability is a relational concept that includes consideration of the situation in which a

person performs, such as role expectations, social support, and environment. For

example, in Nagi's model a person's inability to walk is a functional limitation (it can be

measured simply by testing an individual), though the inability to shop is a disability (it

reflects the person's relationship with the environment and other characteristics in

addition to performance).

-**2
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Nagi Scheme"

ACTIVE --> |MPAIRMENT —- FUNCTIONAL –- DISABILITY
PATHOLOGY LIMITATION
(interruption in normal | (anatomical, (limitation in (limitation in
processes) physiological, mental, performance at the performance of

or emotional level of the whole socially defined
abnormalities) person) roles and tasks)

|CIDH Scheme.”

DISEASE -> IMPAIRMENT —- DISABILITY –- HANDICAP
(the intrinsic (abnormality of (restriction or lack of (disadvantage due
pathology or disorder) | psychological, ability to perform an to impairment or

physiological, or
anatomical structure at

organ level)

activity in a normal
manner)

disability that
limits or prevents
fulfillment of a

normal role)
Note. Definitions are simplified and adapted from (Verbrugge & Jette, 1994).
*For full definition of Nagi concepts, see (Nagi, S. G., 1976).
**For full definition of International Classification of Impairments, Disabilities, and Handicap (ICDH),
see (World Health Organization, 1980).

Figure 1. Two Conceptual Frameworks for Disability

-*
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The ICIDH model of disability is a taxonomy of disease impacts developed by

WHO in the 1980s that was intended to parallel the International Classification of

Diseases, a standard taxonomy of diseases used in health care. Its purpose, classifying

the effects of disease, is different from that of the Nagi framework, which was based on

sociological theory. The ICIDH model, like the Nagi model, has four concepts in the

disability pathway, but the concepts are defined somewhat differently. The first concept

in the ICIDH framework, disease, is similar to Nagi's concept of pathology and the

second concept, impairment, is also similar. The third ICIDH concept, disability, covers

the performance of all tasks that Nagi had separated into his third and fourth concepts. In

other words, the ICIDH disability concept includes both individual tasks and role tasks.

Handicap, the fourth ICIDH concept, has caused the most controversy among

*
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researchers. Handicap is not defined in the ICIDH model as a classification of

individuals, but rather as a classification of circumstances that place individuals at a

disadvantage relative to their peers.

Some authors believe that confusion is caused by the overlap of categories in the

ICIDH concepts of disability and handicap. For example, family roles are included under

both concepts (Jette, 1994b). In addition, some important activities were omitted in the

ICIDH classifications, such as limitations in recreational activities and basic motor skills

(Heerkens, Brandsma, Lakerveld-Heyl, & van Ravensberg, 1994). Likewise, the Nagi

concept of disability does not include limitations in some discretionary activities, such as

travel, recreation, or exercise. Instead, disability is measured in terms of limitations in

only two dimensions, work-related tasks and self-care tasks. However, the Nagi concept

of limitations does include the basic motor skills that are omitted in the ICIDH model.

In spite of the conceptual distinctions in the two disability models, some authors

believe that the differences between the Nagi and ICIDH models are mostly semantic.

Many believe that the ICIDH framework should be retained (Hamilton, 1997; Thuriaux,

1994) because it has been adopted by U.S. government agencies and has a broad scope of

utilization. The Nagi model is also widely used as a conceptual framework for research

studies. Therefore, the development of a new model, The Disablement Process, by

Verbrugge and Jette (1994) was controversial. Though some researchers prefer to retain

older models that are widely recognized and used, others believe that improvements to

the old disability models will set the stage for the next level of research -- clinical trials to

develop strategies to prevent disability (Branch, 1996).

*2.
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The Disablement Process Model

In 1994, Verbrugge and Jette introduced their model, called The Disablement

Process, which was based on the Nagi scheme but also drew on concepts from the ICIDH

model. The Disablement Process was intended to address several issues in disability

research: the confusion of concepts, the variety of terms and protocols used in disability

research, the precision of measurement of the concepts, and the negative framework of

earlier models (Verbrugge & Jette, 1994).

Clarifying the concepts. The main pathway of The Disablement Process model,

shown in Figure 2, adapts the four concepts of Nagi's scheme: pathology, impairments,

functional limitations, and disability. The first two concepts of The Disablement Process

are defined similarly to Nagi's first two concepts. However, the third and fourth concepts

are more clearly defined than those of either the Nagi or the ICIDH models. In the

Disablement Process, the third concept, functional limitations, is described as a strictly

individual attribute, a restriction in performance of basic physical and cognitive actions

such as walking, lifting objects, climbing stairs, and reading standard-size print. The

fourth concept, disability, is a relational concept defined as difficulty doing tasks of daily

life, job tasks, recreational activities and other activities in an individual's regular

environment.

s
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EXTRA-INDIVIDUAL FACTORS
Medical Care & Rehabilitation
Medications

External Supports
Built, Physical, & Social Environment

N.
The Main Pathway

PATHOLOGY —- IMPAIRMENTS-> FUNCTIONAL –- DISABILITY
LIMITATIONS

(diagnoses of disease, (dysfunctions and (restrictions in basic (difficulty doing
injury, congenital/ structural abnormalities in physical and mental activities of daily life:
developmental specific body systems) actions: ambulate, reach, job, household,
condition) stoop, climb stairs, personal care, hobbies,

produce intelligible recreation, socializing,
speech, etc.) etc.)

7. T
RISK INTRA-INDIVIDUAL FACTORS
FACTORS Lifestyle & Behavior Changes
(predisposing Psychosocial Attributes & Coping
characteristics:
demographic,
social, lifestyle,
behavioral,
psychological,
etc.)

Activity Accommodations

Note: Simplified from The Disablement Process (Verbrugge & Jette, 1994).

Figure 2. The Disablement Process Model

Thus, Verbrugge and Jette clarified the concepts of functional limitations and

disability by eliminating the ICIDH model’s concept of handicap as a difficulty in

performance caused by the environment. In The Disablement Process, this question of

“why” there is difficulty no longer clouds the issue of “what” the individual is able to do

(Jette, 1994b). Instead, both functional limitations and disability refer to behaviors or

actions of the individual. The two concepts are separated by the types of tasks, not by the

measurement method or the reason for the behavior. The functional limitations concept

is measured by ability to perform basic activities and the disability concept is measured

by ability to perform socially defined role tasks.

2
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In addition to clarifying the main pathway, Verbrugge and Jette expanded the

scope of The Disablement Process model by adding the concepts of risk factors and

interventions, neither of which were addressed by the Nagi or ICIDH models. Risk

factors are personal, demographic, biologic, social, behavioral, psychological, and

environmental characteristics of an individual that can affect any of the four concepts of

the main disability pathway. Risk factors exist before the onset of the disablement

process and are, therefore, placed at the left side of The Disablement Process diagram.

Interventions, which can act as “buffers” or “exacerbators” in the model, do not

exist before the disablement process, but can occur anywhere on the pathway after the

process has begun. Interventions can originate either within a person (intra-individual) or

elsewhere (extra-individual). Figure 2 shows examples of buffers that may affect the

main pathway. The reverse of each (an exacerbator) is just as likely to occur during the

disablement process, though these are not shown in the figure. Interventions can be

numerous, changeable, and multiple and their effects can be delayed, immediate, or

cumulative. Extra- and intra-individual factors can influence all four concepts on the

main pathway and are difficult to estimate in observational research because of their

diverse features (Verbrugge & Jette, 1994).

By including exacerbators and buffers, Verbrugge and Jette acknowledged the

dynamic nature of the physical functioning pathway. As a result of these influences, an

individual’s physical functioning may improve or decline at different times and this

acknowledgement that the pathway does not inevitably lead to disability is an important

change from earlier disability models. Though the model is called The Disablement

Process, the concepts in the model include interventions for halting or delaying disability.

* -º2
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Establishing a standard vocabulary. The purpose of clarifying the concepts of

physical functioning in The Disablement Process model was to establish a standard

vocabulary of physical functioning. The lack of a standard vocabulary of physical

functioning has hampered communication among researchers and prevented comparison

of results from studies in which authors have used different meanings for the concepts of

disability, impairment, or functional limitations. Verbrugge and Jette called this the

“bedlam of vocabulary” (1994) and predicted that consensus among researchers on the

concepts of disability, and agreement on a pathway for those concepts, will eventually

mitigate this problem. Reaching a consensus on a conceptual model of physical

functioning could, therefore, improve gerontological research.

Improving measurement. By defining the physical functioning concepts in The

Disablement Process as particular behaviors, Verbrugge and Jette hoped to improve the

measurement of physical functioning. They cited three problems of physical functioning

measurement that need to be addressed: aggregation of measurement instruments across

distinct concepts, the methods of measurement, and the response choices of the

measurement instruments.

The problem of unclear vocabulary extends to measurements used in many

research studies, in which outcome variables are often conceptually aggregated. For

example, social/role tasks may be mixed with body movement tasks, or symptoms may

be mixed with impairments on the same instrument. When measures are conceptually

confused in this way, it is impossible to define the concept being measured.

Consequently, it is difficult to define the level of an individual's physical functioning.

º*_º ºf
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Verbrugge and Jette also made a distinction between the method of measurement

and the concept that is being measured. The concepts in The Disablement Process refer

to different tasks and behaviors, not to the method used to measure the behaviors. For

example, the concept of functional limitations can be measured by self-report of ability to

perform tasks, or by actual performance tests of tasks, two ways of measuring the same

concept. It is the tasks that define the concept, not the method of measurement.

Verbrugge and Jette also sought to clarify another common measurement problem

in disability studies, the ways in which task questions are asked. Self-report questions

should be asked by degree of difficulty, “do you have difficulty...”, rather than “do you

need help to...”. Verbrugge and Jette argue that the latter question does not measure

either the functional limitations concept or the disability concept. Instead, it measures the

need for help vs. whether a person is receiving help to reduce the disability.

Standardizing the measurement of concepts is essential to maintaining conceptual

integrity (Verbrugge & Jette, 1994).

The recognition that more positive levels of physical functioning are of interest in

research studies also affects measurement of the concepts. Verbrugge and Jette believed

that tests with continuous scores are preferable to tests with ordinal scales that emphasize

one, usually negative, direction (e.g., no difficulty, some, a lot, unable). Though they

recognized that this could mean higher costs in training and administration time,

Verbrugge and Jette argued for the use of measurement instruments with a full range of

scores to increase precision and allow a full range of positive/negative answers

(Verbrugge & Jette, 1994).
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Minimizing the negative perspective. Some authors have criticized the negative

perspective of the Nagi and ICIDH models (Heerkens et al., 1994). The concept names

in The Disablement Process by Verbrugge and Jette appear to follow the traditional view

that the physical functioning pathway is a one-way progression toward greater disability.

Jette recently suggested renaming the third and fourth concepts functional (in)capacity

and social/role (dis)ability to reflect the possibility of improvement in functioning rather

than the assumption of decline (Jette, 1997). Though the original names used by

Verbrugge and Jette, functional limitations and disability, continue to be used by most

authors, Jette's suggestions may make more sense, particularly in rehabilitation or

healthy aging studies.

The Disablement Process was a significant improvement over the earlier models

of disability; it increased conceptual clarity of the main disability pathway, added the

concepts of risk factors and interventions, and suggested a standardized vocabulary for

disability research. Subsequently, Lawrence and Jette (1996) suggested four conceptual

areas for further work on The Disablement Process: (a) expand the model by including

more measurement points to refine the causal relationships, (b) evaluate race as a factor,

(c) extend the understanding of other model domains, including activities of daily living

(ADL), and (d) expand the model to include individual responses to limitations and

disabilities. The first three issues, and others, are addressed by the Functioning and

Activity Model.

The Functioning and Activity Model

The Functioning and Activity Model (Figure 3) was developed by Stewart and

Painter (1998) to expand on the earlier disability pathways proposed by Nagi (1976) and

* -º-
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Verbrugge and Jette (1994). It addresses several issues that Lawrence and Jette (1996)

identified as needing further work, such as the need for points in a conceptual model at

which to measure interventions, the need to evaluate race as a factor, and the need to

clarify model domains such as ADL tasks. Furthermore, the Functioning and Activity

Model adds predictors, such as participation in physical exercise, that make the model

more useful for researchers conducting studies of high-functioning older persons, in

which the outcomes measure successful aging, rather than disability.

. PHYSICAL FUNCTIONING OUTCOMES ACTIVITY PARTICIPATION OUTCOME

PRECLINICAL SELF-REPORTED

PATHOLOGY PHYSICAL PHYSICAL psºon
FUNCTIONING FUNCTIONING

RISK BEHAVIOR

measured by: measured by: measured by:
PERSONAL

CHARACTERISTICS performance tests self-report of self-report of “doing" activities, such
or “difficulty" in body as ADL, IADL, hobbies, caregiving,

FITNESS self-report of movement tasks, such gardening, heavy housework, etc.
modification in body as walking, stooping,

SYMPTOMS movement tasks or reaching, lifting,
activity participation grasping

Figure 3. The Functioning and Activity Model (Stewart & Painter, 1998)

The predictors in the model go beyond pathology. The Functioning and Activity

Model includes concepts that go beyond the traditional notions of a cellular dysfunction

as the only predictor of a decline in physical functioning. Instead, the model proposes a

variety of predictors that may influence an individual’s level of physical functioning.

The first concept, pathology, is similar to the first concept in the traditional

disability models and includes disease, injury, and congenital or developmental

conditions. In addition, individual risk behaviors, personal characteristics, physiological

fitness, and physical symptoms may also predict the level of physical functioning or
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disability. The first of these, behavioral risks, includes personal behaviors such as

inactivity, smoking, and being overweight. The next, personal characteristics, includes

factors such as race, gender, age, socioeconomic status, personality, cognition, and social

support.

Thus, according to the Functioning and Activity Model, a change in an

individual's physical functioning may not be solely due to pathological disease or injury,

as it was in the older models. Instead, a combination of personal characteristics,

individual behaviors, and pathology, may affect physical functioning.

The physiological fitness concept as a predictor in the Functioning and Activity

model allows for positive effects of functioning. Though Verbrugge and Jette (1994)

disapproved of the classic negative valence of the medical perspective of disability, The

Disablement Process retained Nagi's (1976) negative concept of impairment, defined as

dysfunctions and abnormalities at the organ level. In the Functioning and Activity

Model, this concept has been changed to fitness, which allows for both positive and

negative aspects of organ function, such as cardiovascular function, musculoskeletal

strength, neurological function, metabolic function, and sensory function. The fitness

concept is measured with physiological tests that have a continuous range of values, a

measurement issue that was raised by Verbrugge and Jette (1994), who called for

concepts that could be measured precisely in a full range of positive and negative values.

In addition, this concept provides a theoretically focused point for measuring the effects

of exercise, an outcome of interest to researchers who seek to prevent the decline of

physical functioning in elders.
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Another predictor in the model, symptoms, is measured by degree of pain,

shortness of breath, fatigue, depression, weakness, and other symptoms that may affect

functioning. Though presence of a symptom is associated with a lower level of physical

functioning, if a symptom can be eliminated or mitigated, functioning may improve. The

five predictors in the Functioning and Activity Model may correlate with each other so

that changes in one predictor may change another. The combined influences of the

predictors affect the outcomes of physical functioning and activity participation.

The outcomes in the model measure the full range of physical functioning. The

traditional models of disability presented the final concepts in the disability pathway as

phases in a downward trend in task performance. In Nagi's pathway (1976), the final

concepts were functional limitation (limitation that could be measured at the individual

level) progressing to disability (limitations in socially defined roles). In The Disablement

Process (Verbrugge & Jette, 1994), the concepts were defined by types of activities; the

concept of functional limitations (restrictions in basic physical and mental activities)

progressing to disability (difficulty doing ADL, hobbies, social activities, etc.).

The Functioning and Activity Model clarifies these final concepts in the physical

functioning pathway by organizing the tasks and activities into measureable, conceptually

separate categories suitable for both disability studies and healthy aging studies. In

addition, the model provides a new separate measureable concept for preclinical

limitations that may not yet be recognized by the individual. Each concept in the model

can be accurately measured and the measurement methods are specified as part of the

model.

*=,-*
,’

2:
**
**

2.
: ºf:

ºº*

2



The two physical functioning outcomes in the model measure ability to perform

physical tasks such as (a) lower body ambulation -- walking, stair-climbing, (b)

transferring -- in/out of chairs, beds, cars, on/off toilet, (c) upper body actions — lifting,

reaching, raising arms over head, turning head, or (d) dexterity -- writing, holding

utensils, grasping, turning. Though the tasks are the same, they are measured by different

methods in order to differentiate two distinct levels of physical functioning.

The concept of preclinical physical functioning is measured by one of two

methods: either self-report of modification in way of doing a task or by actual

performance tests of body movement tasks (ambulation, transferring, upper body actions,

and dexterity). This concept can detect limitations that have not yet been noticed by the

individual being tested and is distinct from the concept of self-reported physical

functioning, which is measured by an individual’s own report of difficulty in the body

movement tasks.

The Functioning and Activity Model is the first to include a concept of preclinical

physical functioning difficulties that have not yet been recognized by the the individual.

The measurement of this outcome by a report of modification of tasks is based on the

work of Fried and colleagues, who found that they could detect incipient difficulty in task

performance in otherwise healthy, active older adults. These adults, who had reported no

difficulty performing any of 27 physical tasks, were then asked an additional question:

“Have you changed the method that you use to perform — task, compared to how you

did it before?” For each task, from 2% to 33% of those who had earlier reported no

difficulty also reported that they had changed the way they performed the task and that

the main reason for the change was a health condition or symptom (Fried et al., 1996).
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To confirm that those who reported task modifications were, in fact, experiencing

a very early decline in physical functioning, Fried et al. evaluated all study participants

with actual performance tests in walking, stair climbing, chair stands, grip strength, and

pinch strength. The researchers found that performance speed of the first four tests (all

lower extremity) decreased in a stepwise fashion. Performance was highest in subjects

with high function (who reported no difficulty and no modification of tasks),

performance was lower in subjects who had reported no difficulty but also reported

modification of the tasks, and performance was lowest in the patients who had self

reported difficulty in tasks at the beginning (Fried et al., 1996).

In summary, the concept of functional limitation in the old models has been

replaced in the Functioning and Activity Model by two physical functioning concepts that

represent different levels of difficulty in performing physical tasks. The earlier concept

in the pathway, preclinical physical functioning, is measured by one of two methods: (a)

performance tests of body movement tasks or (b) self-report of changes in the way of

doing a task because of health.

On the other hand, the subsequent concept in the pathway, self-reported physical

functioning, is defined as difficulties in performance of body movement tasks that are

recognized by an individual, who, therefore, self-reports difficulties in those tasks. This

concept should be measured by self-report of “difficulty”, not assistance, to conform to

Verbrugge and Jette's idea that the former represents a conceptually clear limitation,

while the latter reports the result of an intervention, which is not a measure of the concept

(Verbrugge & Jette, 1994).
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Activity participation is the final concept in the pathway and includes three

categories of activities: (a) self-maintenance tasks, which are “essential” to independent

living: activities of daily living (ADL) and instrumental activities of daily living (IADL),

(b) role tasks, which are “obligatory” for most people: work, caregiving, family

responsibilities, and light housekeeping, and (c) “discretionary” tasks: gardening, travel,

heavy housework, exercise, volunteer work, etc. The ability to perform these activities is

influenced by social and environmental conditions and, therefore, the complex activities

are not a level of physical functioning. Instead, performance of these tasks represents a

level of performance that integrates physical functioning with ability to interact with the

social and physical environment. Though all these tasks are indicators of the concept of

activity participation, the choice of tasks measured for a particular study may vary. For

example, a study of healthy aging may use discretionary tasks as outcome measures,

while measurement of essential and obligatory tasks may be more appropriate for studies

of frail elders.

Advantages of the Functioning and Activity Model. The Functioning and

Activity Model retains some concepts of earlier disability models, such as pathology as a

predictor of decline in physical functioning and difficulty in performance of tasks as a

measure of physical functioning. However, the Functioning and Activity Model adds

some key concepts, behavioral risks and personal characteristics, fitness, and symptoms

as covariates with pathology at the beginning of the pathway. In addition, the

Functioning and Activity Model includes a measurement for early difficulties in physical

functioning that are not yet recognized by the individual. This new concept of preclinical

physical functioning may provide a focus for early intervention to prevent disability.
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The clarification of the pathway concepts in the Functioning and Activity Model

allows for more accurate measurement of each concept, and, in many cases, for

measurement of both positive and negative aspects of a concept. Therefore, the

Functioning and Activity Model may be useful for studies of successful aging as well as

for studies of disability. In particular, the inclusion of the preclinical physical

functioning concept may make the model useful as a conceptual framework for the

screening of healthy older adults to detect early changes in physical functioning.

Limitations of the Functioning and Activity Model. Some individual or

environmental characteristics are not included in the Functioning and Activity Model.

For example, other authors have suggested that a physical functioning model should

include environmental factors such as availability of needed resources, accessibility of

physical environments, or government policies (Whiteneck, 1997) and personal

characteristics such as individual motivation, social roles, and the value placed on a

particular activity (Ziebland, Fitzpatrick, & Jenkinson, 1993). Verbrugge and Jette

(1994) included some of these characteristics, called extra-individual and intra-individual

factors, as outside elements that influence the pathway in The Disablement Process

model. However, the Functioning and Activity Model does not include environmental

and individual factors that are not supported by research. When these factors can be

accurately measured and placed conceptually in the physical functioning pathway, they

can be added to the Functioning and Activity Model.

Some authors have argued that the concept of quality of life should be added to

any model of disability (Whiteneck, 1997). Verbrugge and Jette (1994) chose to place

quality of life to the right of The Disablement Process model, because it represented a
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more global outcome than that of disability. Alternatively, Jette has suggested that it

might be more useful to consider quality of life as overlapping the concepts of functional

limitations and disability (Jette, 1994b). When developing the Functioning and Activity

Model, Stewart and Painter distinguished between health-related quality of life, many

elements of which are included in the Functioning and Activity Model, and global quality

of life, which is a larger concept of well-being, satisfaction, and meaning in life. The

final concept of the Functioning and Activity Model, activity participation, is one of
--~~

many factors that may influence quality of life, but global quality of life is a concept *::::
beyond the Functioning and Activity Model (Stewart & Painter, 1998). º:

Future directions for research. There are three important directions for further 2:
development of the Functioning and Activity Model: confirmation of the model pathways :
and initiation of new studies, examination of measurement problems, and identification 2

of environmental and individual characteristics that are not currently in the Functioning º:
and Activity Model. z’ 5

*º-s
Confirmation of the Functioning and Activity Model pathways will require two 2

steps: first, a comprehensive review of existing studies to locate those that tested the

various pathways proposed in the Functioning and Activity Model and, second, fitting the

Functioning and Activity Model to a dataset using the statistical technique of structural

equation modeling (SEM). If SEM analysis confirms that the Functioning and Activity

Model fits a particular set of data, new studies can be initiated that test the model in other

groups. Future testing of the new concept of preclinical physical functioning, following

the methodology of Fried et al. (Fried et al., 1996), will be especially useful in

confirming the existence of this new concept in the Functioning and Activity Model.
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Finally, intervention studies based on the pathways proposed in the model will determine

the clinical utility of using the Functioning and Activity Model as a conceptual

framework for geriatric medical and nursing practice.

Measurement of the concepts of the disability pathway has been cited as an

important issue by many authors. One area for future work is the development of scales

to measure the concepts with a continuous range of values that include both positive and

negative valences (Verbrugge & Jette, 1994). Also, more work is needed on the tacit
*...*
*

constructs of physical functioning that underlie the wording of self-report measures of -*.-*
task performance and clarification of the different meanings of physical functioning that 2:

~~

inform questionnaires that ask about “difficulty” rather than “need for assistance” (Jette, 2:
1994a; Verbrugge & Jette, 1994; Ziebland et al., 1993). Another issue is the -*2–
development of norms for performance of physical tests by older adults, an important

* -->
consideration in measuring the preclinical concept of the Functioning and Activity **.

* ..."
ºf sº

Model. Work on this has already begun (Guralnik et al., 1994b). 2. -
*
º

Finally, future work on the conceptualization and measurement of additional 2
environmental and individual characteristics may lead to the inclusion of new concepts in

the Functioning and Activity Model. As discussed earlier, these characteristics may

include individual self-efficacy, individual motivation to perform tasks, or environmental

characteristics such as availability of services.

In summary, the earlier Nagi (1976) and ICIDH (World Health Organization,

1980) frameworks were generally accepted by gerontological researchers as reflecting

their clinical experience with physical functioning in elders. The Disablement Process

(Verbrugge & Jette, 1994) improved the definitions and measurement of the predictors



and outcomes of disability. The Functioning and Activity Model (Stewart & Painter,

1998) further refined the levels of physical functioning and specified measures for each.

In the past, most researchers and policy administrators shared a similar set of assumptions

and beliefs. Now, however, government program managers and elected officials are

more skeptical and require proof that clinicians can indeed predict or change important

outcomes, such as physical functioning in elders. In order to conduct research that will

convince skeptics, researchers who study physical functioning will need “an intervention

(what works), outcomes (what changes), in an experimental design (to simplify *...***

inference), with analytic models (to maximize understanding through the wonderful *

world of statistics)” (Branch, 1996, p. S172). The Functioning and Activity Model was -----

developed to improve the definition and measurement of physical functioning in order to

meet the need for a conceptual model suitable for intervention studies. ---
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CHAPTER 2: LITERATURE REVIEW

The Functioning and Activity Model (Stewart & Painter, 1998) was developed as

an improvement to existing models of disability (Nagi, 1976; Verbrugge & Jette, 1994;

World Health Organization, 1980). In contrast to earlier models that depicted physical

functioning as a downward process from disease to disability, the Functioning and

Activity Model was proposed as a framework for studying both positive and negative

predictors of levels of functioning in elders. Functioning is conceptualized in the model

as a dynamic process in which an individual's level of physical functioning, measured by

ability to perform tasks, can improve or decline. A change in level of functioning may be

associated with a combination of predictor concepts, such as disease, behavioral risks,

symptoms, and others. As shown in Figure 3, each concept of physical functioning and

activity participation in the Functioning and Activity Model is measured by a elder's

ability or inability to perform particular tasks and the model defines both the tasks to be

measured and the method of measurement.

The first level of physical functioning, preclinical physical functioning, is defined

as a decline in physical functioning before a person realizes that he or she is having

difficulty. The concept is measured by ability to perform body movement tasks using

one of two methods: (a) actual performance tests, such as walking, stair climbing, and

other tests or (b) self-report of modification of a task, even if a participant formerly

reported “no difficulty” in the task. The rationale for these methods of measurement is

based on the work of Fried and colleagues (Fried et al., 1996), which was discussed in

detail in chapter one.
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The second level of physical functioning in the model is called self-reported

physical functioning. At this level, reduced physical functioning is recognized by the

participant and, therefore, the concept is measured by self-report of difficulty in the body

movement tasks. The third level of physical functioning in the model, activity

participation, is measured by self-report of difficulty in activities of daily living (ADL),

instrumental activities of daily living (IADL), family roles, housework, hobbies, social

roles, and similar activities.

The Functioning and Activity Model also includes concepts that are predictors of

the levels of physical functioning and activity participation. The concept of pathology

was a predictor in earlier models of disability, but the concepts of behavioral risks,

personal characteristics, fitness, and symptoms as covariates with pathology were not

included in earlier models.

Because some of the concepts in the Functioning and Activity Model have not

been included in a disability model before, a review of empirical evidence in the

literature is essential to confirm the proposed associations among the concepts. In

addition, a thorough literature review is important for the next step in confirmation of the

model, assessing the fit of the model to data using structural equation modeling (SEM).

SEM is a flexible and comprehensive statistical approach to testing a hypothetical model,

but the accuracy of a SEM analysis of the Functioning and Activity Model will rely on

both the statistics and the empirical evidence from the literature that forms the theoretical

basis for the model.

The literature review is divided into sections, each of which contains the evidence

for a predictor concept in the Functioning and Activity Model. The review will also
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present the evidence in the literature for the three outcome concepts of physical

functioning and activity participation. A final discussion section will point out some

issues in the measurement of physical functioning, summarize the strength of the

theoretical evidence for the pathways in the Functioning and Activity Model, and suggest

directions for future research.

Organization of the Pathway Reviews

Because the Functioning and Activity Model is intended as a conceptual

framework for assessment of functioning in elders, this research review is limited to the

physical functioning literature and to studies with elderly participants. The review

includes only studies conducted since 1990 because the scientific study of physical

functioning has advanced rapidly in recent years. Prior to 1992, when the Physical

Functioning Measure of the Medical Outcomes Study was published (Stewart &

Kamberg, 1992), measures of functioning, usually ADL and IADL, were supported by

little psychometric evidence. Instead, items were commonly selected based on clinical

judgement without reference to a body of theory, scoring was rudimentary, and validity

and reliability were inadequately assessed (McDowell & Newell, 1996). Therefore,

studies conducted before 1990 are not very useful for current inquiries about the nature of

functioning in elders. The best research on physical functioning has been done so

recently that studies that are considered “classic” in the field are only a few years old.

For example, researchers often cite Verbrugge and Jette's model, The Disablement

Process (Verbrugge & Jette, 1994), the physical performance tests developed at the

National Institute on Aging (Guralnik, Seeman, Tinetti, Nevitt, & Berkman, 1994a;

Guralnik et al., 1994b), and the work done at Johns Hopkins on the etiology and
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assessment of physical functioning (Fried et al., 1996; Fried, Ettinger, Lind, Newman, &

Gardin, 1994).

In each section of this paper, the evidence for one pathway in the Functioning and

Activity Model will be evaluated in two ways. First, a table will be presented that

summarizes some of the studies with findings that confirmed the pathway. These studies

were chosen as typical examples of recent research that measured concepts included in

the Functioning and Activity Model, even if the researchers who conducted a study used

a different name for the concept than that used in the model.

Second, though the tables provide a summary of the research support for each

pathway, a more thorough discussion of the evidence is contained in the text. The

findings from additional studies are compared to those in the summary tables and the

strength of the evidence for each pathway is discussed.

Evidence for Pathology as a Predictor of Functioning and Activity

Earlier conceptual models have all included disease as a predictor of decline in

functioning (Nagi, 1976; Verbrugge & Jette, 1994; World Health Organization, 1980). In

the Functioning and Activity Model, the concept of pathology includes not only disease,

but also three other factors: the effects of aging, developmental conditions, and

congenital conditions.
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Author :::::::: Predictor Outcome Variable” Conclusions/

Year Mean Age Variable” Statistical Analysis Comments
Activity

Furner, Cohort (3 f/u, Patholo participation Specific medical
Rudberg, & 2 yrs apart)

-

gy. (IADLs, each conditions predicted
Cassel n = 2909 (nine medical analyzed difficulty in specific IADL
1995 aged 70+ conditions) separately) tasks

MV

Cohort Activity
-

At.!.
Kiely, Morris, (baseline + 2 Pathology participation more medical conditions
Morris, et al. annual f/u) (five medical (ADL, IADL had loWer levels of
1997 n = 1060 conditions) summed together) physica functioning, but

aged 65+ MV all declined at same rateover 3 yrs.
Stroke, hip fracture,

Activity CHF, pneu, CHD, cancer

Ferrucci Cohort (6 participation assoc. with acute decline
Grank. annual f/u) Pathology (ADL difficulties, in physical functioning
Pahor e. al. n = 6070 (hospital divided into acute Stroke, hip frac., CHF,
1997 aged 70+ diagnoses) onset and pneu, diabetes,progressive) dehydration assoc. with

MV progressive decline in
physical functioning

Rozzini Physical
-

Frison, Cross-sectional | Pathology functioning Stroke and heart disease
Ferrucci, et | n = 235 (chronic (physical were assoc. with
al. aged 70+ conditions) performance difficulties in physical
1997 tests) performance test

MV

Perkowski, Cross-sectional Physical
Stroup- (Mexican Pathology functioning Diabetes, arthritis assoc.
Benham, Americans) (medical (physical with inability to
Markides, et n = 2873 conditions/ performance complete performance
al.

-
impairments) tests) tests

1998 mean age: 72.7 MV

*predictor and outcome variables named as in Functioning and Activity Model, names in () are those used in
each study by researchers ADL=activities of daily living, IADL=instrumental activities of daily living,
CHF-congestive heart failure, CHD=coronary heart disease, MV=multivariate

Figure 4. Evidence for Pathology as a Predictor of Functioning and Activity

Many studies have found an association between disease and level of functioning

in elders and, therefore, the role of pathology as a predictor of physical functioning and

activity participation is not controversial. The findings of one recent cohort study, shown

in Figure 4, suggest that the presence of any medical condition will predict a similar

decline in physical functioning. Kiely et al. (1997) measured activity participation and
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five specific medical conditions (heart problem, arthritis, diabetes, cancer, and stroke) at

three points in time. The researchers compared the odds of having a decline in activity

participation at each of the three times and found that, even when individuals started out

at different levels of activity participation that were cross-sectionally associated with

number of medical conditions, the rate of decline over time was the same for all. They

concluded that the mere presence of a chronic medical condition predicted a rate of

decline in activity participation, regardless of type of condition.

In contrast, other researchers have found that specific diseases or medical

conditions are associated with performance of particular tasks but do not affect

performance of other tasks. For example, Ettinger et al. (1994) found that individuals

perceived medical conditions as a primary cause for their difficulties in performing tasks

though they named different medical conditions as affecting different tasks. For

example, arthritis was given as a cause of difficulty in most of the 17 tasks measured, but

heart and lung disease were more likely to be reported as the cause of difficulty in

walking or doing housework. The researchers concluded that the presence of a particular

chronic disease may predict an individual's difficulty in performance of particular tasks.

In further analysis of the same dataset, Fried, Ettinger, Lind, Newman, and Gardin

(1994) found that groups of diseases or medical conditions differentially affected the

performance of clusters of functioning tasks. In their cross-sectional study of 5201

participants in the Cardiovascular Health Study, the researchers collected self-report data

On medical conditions and difficulty in performance of tasks. Using factor analysis, the

researchers found that the 17 outcome tasks aggregated into 4 clusters of tasks and,

further, that there were groups of diseases or medical conditions that affected
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performance of particular clusters of tasks, but did not affect performance of other

clusters. For example, of the group of subjects who reported difficulty in self-care tasks,

24% had a history of myocardial infarction and in the group of subjects who reported

difficulty with complex tasks, 51% had a hearing impairment.

Similar results were reported by Furner, Rudberg and Cassel (1995), who

collected data from 2909 participants at three interviews approximately two years apart

(see Figure 4). These researchers found that nine specific medical conditions

differentially affected performance of IADL tasks, suggesting that certain medical

conditions may predict future problems in performance of particular tasks. The findings

from these studies, that medical conditions cause difficulty in particular tasks, may have

an implication for future intervention studies. For example, the list of tasks used as an

Outcome measure in a study could be selected based on a physiological rationale rather

than on a generic set of task questions.

The cohort studies reported above used self-report for measuring both medical

conditions and difficulty in performance of tasks. In contrast, Ferrucci et al. (1997b)

found an association between pathology and physical functioning by using hospital

discharge diagnoses as the measure of medical conditions, rather than self-report. This

study is unusual because of the large sample size (n = 6070), long follow-up period (six

years), and outcome, which compared catastrophic decline in functioning (difficulty with

>3 tasks when reporting 0 difficulty 1 year earlier) with progressive decline in

functioning (difficulty with >3 tasks when reporting 1-2 task difficulties 1 year earlier).

The researchers identified specific discharge diagnoses that were predictors of the two

forms of functioning (see Figure 4). The use of hospital records, rather than self-report,
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may have improved the measurement of medical conditions in this study, but the

researchers may have missed some conditions, such as arthritis or dementia, that are not

usually cause for hospitalization, but which may cause changes in physical functioning.

Nevertheless, the longitudinal associations found in this study between medical

conditions and later declines in functioning add evidence to the projected association

between pathology and functioning in the Functioning and Activity Model.

Two cross-sectional studies used physical performance tests as the measure of

level of physical functioning, thus they measured the preclinical physical functioning

concept of the Functioning and Activity Model, an earlier level of physical functioning

than that of self-report of difficulty in task performance. Both studies, summarized in

Figure 4, found an association between medical conditions by self-report and physical

functioning as measured by a performance test. These two studies, therefore, confirm the

association of disease and the earliest level of decline in physical functioning. In the first

study, Perkowski et al. (1998) found that having arthritis significantly increased the odds

that a person would be unable to complete an 8-foot walk test (OR = 2.67, p < .001) or

five chair rise-and-sits (OR = 2.30. p < .01). Having diabetes also increased the odds of

being unable to complete the chair test (OR = 1.69, p < .01). In another study, Rozzini et

al. (1997) classified the performance test scores of 235 elders into quartiles and tested the

differences in prevalence of each medical condition across the quartiles. They found

statistically significant increases (p<.05) in prevalence of three conditions (heart disease,

anemia, and previous stroke) in the quartiles of decreasing performance scores.

In summary, the evidence in the literature supports pathology as a predictor of

levels of physical functioning and activity participation. The concept of pathology in the
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Functioning and Activity Model includes the effects of aging, as well as disease, injury,

and other conditions. The inclusion of aging as part of the concept of pathology may be

controversial. Therefore, the evidence for age as a predictor of functioning, even in the

absence of disease, is presented separately in the following section.

Evidence for Age as a Predictor of Functioning and Activity

Though there is little doubt that increasing age is associated with lower levels of

functioning for most elders. In fact, most physical functioning studies control for age in

order to study other variables. Though it is difficult to quantify the effect of aging in

terms of a given percentage of decline per year, two studies, shown in Figure 5, have

attempted to do so.

Bortz and Bortz (1996) looked for “true chronologic functional change in

humans” by examining the records of master athletes that were provided by certifying

athletic organizations for the 100-yard dash, marathon, 1500-meter swim, and 2500

meter row. From cross-sectional data for athletic performance and longitudinal data for a

physiological measure of cardiovascular fitness (VO2max tests), the researchers

compiled a graph of changes in performance by age. They found that from age 35 to age

65, performance declined about 0.5% per year, declines that were similar in all the

athletic events and the VO2max tests. After age 65, performance fell more sharply,

though that rate was not calculated. The researchers proposed a rate for “successful”

aging after age 65 of 0.5% per year based partly on examination of other biological

markers that decline at a similar rate, such as DNA repair, cerebral metabolism, and

others. This report by Bortz and Bortz raises the possibility that the records of athletes,

which may be less confounded by disease, symptoms, etc. than those of elders with
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chronic conditions, may help to quantify the independent effect of aging on performance.

However, the researchers did not present sufficient data about methods or participants,

nor did they perform statistical analyses that would have lent strength to their

conclusions. Still, the study was unusual and may point the way to future research.

Study Design

65+

Author # of Subject Predictor Outcome Variable” Conclusions/
Year upjects Variable” Statistical Analysis CommentsMean Age

Cross-sectional Fitness
-

- -
Athletic performance

Bortz & Bortz (repeated) Pathology (Athletic declines approx. 0.5% per
1 n not reported performance and996 (Age) year from age 35-65, thenage: 35-approx 80 VO2max)

No analysis accelerates
Age - Functioning assoc. is
curvilinear, decreased

Cohort (baseline + physical functioning at older
- - - - -

ages.
Beckett, Brock, 5 annual f/u) Pathology Activity participation Likelihood of decline in
Lemke, et al. n a 6-17,000 (Age) (Physical function) hysical functioning at
1996 age at enrollment: 9 REM, MM pny 9age 65: 5-7%

Likelihood of decline in
physical functioning at
age 85: 25-35%

*predictor and outcome variables named as in Functioning and Activity Model, names in () are those
used in each study by researchers F/U=follow-up, REM=random effects model, MM=Markov models

Figure 5. Evidence for Age as a Predictor of Functioning and Activity

A study by Beckett et al. (1996) also found that ability to perform ADL and IADL

declined with increasing age. The data included baseline measures of self-report of

difficulties in ADL and IADL plus five annual followups on at least 7000 older adults per

followup. The researchers found that declines in ADL and IADL increased with older

age. The declines in activity participation were steeper than those in previous cross

sectional studies that compared age with functioning. In this study, the association

between age and activity participation was curvilinear, with higher levels of decline in

functioning at more advanced ages. However, the researchers also found that some

participants improved their functioning, although the likelihood of recovery also declined

with age. Beckett and colleagues calculated a transition probability (the probability of
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becoming disabled before the next annual interview) as a function of age. This transition

probability was approximately 5% for men and 7% for women at age 65 and increased to

approximately 25% for men and 35% for women at age 85.

The findings of these two studies represent emerging evidence that normal aging

has a measureable effect on decline in functioning. In the future, researchers may be able

to include a specific rate of decline that is due to age in their models of physical

functioning. Intriguing as this idea is, it will not be verified until more researchers look

at the rate of change in physical functioning over time that is uniquely caused by age.

Evidence for Behavioral Risks as Predictors of Functioning and Activity

In the Functioning and Activity Model, the concept of behavioral risks includes

three voluntary behaviors that may be associated with declines in functioning: obesity,

smoking, and inactivity. The first of these, obesity, is usually measured in terms of body

mass index (BMI), calculated as weight in kilograms divided by the square of the height

in meters (weight / height”). Generally, a BMI of 29 or 30 is considered the cutpoint for

defining obesity. As shown in Figure 6, three studies have shown a significant

relationship between BMI and physical functioning. The strongest evidence is provided

by the findings of Seeman et al. (1994), who found that increases in BMI were associated

(p<.01) with declines in physical performance test scores measured in 1988 and again in

1991 in a high-functioning cohort from the Established Populations for Epidemiologic

Studies of the Elderly (EPESE). In addition, two cross-sectional studies have found a

“U” shaped association between BMI and activity participation; in these studies, both

high and low BMI were associated with self-reports of decline in activity participation.

Perkowski et al. (1998), in a study of Mexican Americans, found that high BMI (> 35



kg/m’) and low BMI (< 22 kg/m’) were both associated (p<.05) with low scores on a

physical performance test. Similarly, Galanos, Pieper, Cornoni-Huntley, Bales, and

Fillenbaum (1994) found that the odds of having a lower score on a self-report scale of

activity participation increased for those with a BMI above the 85* percentile (based on

national norms) (OR = 1.34, p < .05) or those below the 15" percentile (OR = 1.43, p <

.05).

The second behavioral risk concept in the Functioning and Activity Model is

Smoking. Smoking has been included as a predictor variable in physical functioning

studies, but it has rarely been shown to have a significant association with level of

physical functioning. For example, the results of one study showed that smoking had a

significant negative association (p< .05) with performance of physical functioning tasks

in a simple model without adjustments for baseline health status. However, the

association became non-significant when the model was adjusted for peak lung function,

a measure of fitness, suggesting that smoking affected lung physiology that, in turn,

affected performance of tasks. (Seeman et al., 1995). As the results of this study

demonstrate, the lack of a significant association between smoking and physical

functioning may be due to the covariance between smoking and fitness or between

smoking and symptoms. In other words, if smoking affects fitness, such as the lung

function in the above study, and both smoking and fitness are included in the statistical

analysis, one of the predictors may appear to be unimportant.
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Author jº. Predictor Outcome Variable” Conclusions/
Year J Variable” Statistical Analysis CommentsMean Age

Both high and low

. Pieper, Cross-sectional Behaviora Activity participation BM predict declinesOrnon - risks: weight
-

in activity
H n = 3053 (Functional status)

- - - -untley, et al. mean age: 74.8 (Body Mass MV participation.
1994 ge: /4. Index) Normal BMI does

not

Seeman, Behavioral
Charpentier, Cohort **L** * * * *** Physical functioning BMI negatively
Berkman. et al. n = 843 risks: weight (Physical performance) assoc. with physical

y -
(Body Mass

-1994 mean age: 74.3 MV performanceIndex)

- - -
Both high and low

Perkowski,
-

Behavioral Physical functioning BMI predict declines
Cross-sectional i-L-- - - - (Lower-extremity

- - -Stroup-Benham, risks: weight
- -

in activity
Markides. et al n = 2873 (Body Mass functioning) articipation

y mean age: 72.7 y MV p p
1998 Index) Normal BMI does

not

Rantanen Behavioral Physical activity
Guralnik y Cross-sectional risks: Fitness assoc. with muscle
Leveille º et al n = 919 inactivity (Muscle strength) strength in both
1998 º -

mean age: = 78 (Physical MV black and white
activity) Women

*predictor and outcome variables named as in Functioning and Activity Model, names in () are those used in
each study by researchers BMI=body mass index, MV=multivariate

Figure 6. Evidence for Behavioral Risks as Predictors of Functioning and Activity

Therefore, the lack of evidence for smoking as a predictor of level of physical

functioning may not accurately reflect the influence of smoking on functioning.

Certainly, the deleterious effect of smoking on physical health is well-documented in the

cardiovascular and pulmonary literature. Smoking as a behavioral risk has been

associated with reduced pulmonary and cardiovascular fitness, coronary artery disease,

stroke, cancer, and chronic pulmonary conditions (Forastiere, Balmes, Scarinci, & Tager,

1998; Hermanson, Omenn, Kronmal, & Gersh, 1988; Ramirez-Lassepas, 1998; Sacco,

1998). Though physical functioning researchers have usually found that smoking does

not have a significant direct association with physical functioning (Guralnik et al., 1994a;
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Seeman et al., 1995), these negative findings may be because smoking has a significant

association with other concepts, such as fitness or symptoms.

Likewise, inactivity, or sedentary lifestyle, has not been studied by many

researchers as a possible predictor of declines in physical functioning. However, a recent

study by Rantanen et al. (1998), shown in Figure 6, provides evidence that inactivity and

muscle strength (a measure of fitness) are associated, and together they may affect level

of physical functioning. The researchers found that inactivity in both black and white

women was significantly associated (p → .001) with lower levels of muscle strength (hand

grip, knee extension, and hip flexion), a measure of the fitness concept in the Functioning

and Activity Model.

Clearly, evidence for the association of behavioral risks and physical functioning

is sparse in the literature. Obesity has received the most attention in physical functioning

studies, but only one study measured change over time and found a significant

association between BMI and task performance (Seeman et al., 1994). Researchers have

found only a weak direct association between smoking and physical functioning (Seeman

et al., 1995; Strawbridge, Camacho, Cohen, & Kaplan, 1993). The study by Rantanen et

al. (1998) supports the inclusion of inactivity as a behavioral risk in the Functioning and

Activity Model, possibly as a covariate with fitness. The lack of empirical evidence

should not be construed as an argument for eliminating behavioral risks from the

Functioning and Activity Model, but rather as a call for future testing of the associations

between behavioral risks such as smoking, inactivity, or obesity and levels of physical

functioning and activity participation.
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Evidence for Personal Characteristics as Predictors of Functioning and Activity

The Functioning and Activity Model includes the concept of personal

characteristics as a predictor of level of functioning. Of the many personal characteristics

that may affect an individual's functioning, the literature supports five that are

particularly influential: race, gender, socioeconomic status, social support, and cognition.

Studies that address the role of each of these personal characteristics in predicting

physical functioning are summarized in Figure 7.

Race

Race is a characteristic that is measured in many physical functioning studies,

though the small number of non-white subjects in most studies makes it difficult to assess

the association between race and physical functioning. In some studies, race has been

reported as associated with physical functioning but the small number of non-white

subjects weakens the findings. For example, one study reported white ethnicity as a

predictor of successful aging (defined as no limitations in activity) based on a sample of

356 elders, of whom only 44 were black and 312 were white (Strawbridge, Cohen,

Shema, & Kaplan, 1996).

Two recent studies, however, specifically looked at the association between race

and physical functioning and found that race may not predict level of physical

functioning. Rantanen et al. (1998) measured the muscle strength of older black and

white women using a sample that had approximately equal numbers of each race. The

findings, summarized in Figure 7, showed no significant difference between the two

racial groups in the association between muscle strength and physical functioning.

Likewise, Perkowski et al. (1998) found that the performance time of physical



functioning tasks by a sample of Mexican Americans (n = 2873) was similar to that of

non-Hispanic whites who had taken the same performance tests in another study

(Guralnik et al., 1994b).

Author jº. Predictor Outcome Variable” Conclusions/
Year O Jects Variable” Statistical Analysis CommentsMean Age

Physical functioning Racial diff. in muscleRantanen,
-

Personal
- -

strength, but the
-
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- - -
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- - - -

assoc. between
-
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-
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1998 ge: black/white) pny 9 functioning was sameMV

for both races
Gender was not assoc.

Strawbridge Cohort Personal º:
º (baseline and 1

- - -
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- y

Camacho, 6-yr. followup) characteristics (physical functioning) but interactedCohen, et al. yr. p (Gender) pny 9 significantly with othern = 356 MV
-

1993 risk factors, such asmean age: 72
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social support
Cohort

(baseline and 1 Both income and
10-yr. PersonalMaddox, Clark, Activity participation education are

& Steinhauser followup) characteristics (functional impairment) independent significant
n = 6270 (poor, education

-1994 MV predictors of level ofaged 58–63 at level)
- - -physical functioningenrollment

Cohort

Seeman, (baseline and 1 || Personal
Berkman,

- - -
Physical functioning Emotional support is

-
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- - - - -Charpentier, et
-

(physical performance) | positively assoc. withfollowup) (emotional
-al. MV physical performance

1995 n = 1015 support)
aged 70-79

- ----
Cohort Personal

- - - -
Relative risk of low

Gill, Williams, (baseline + 2 characteristics Activity participation levels of physicalRichardson, &
- - -
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-
followups) (cognition, functioning increases

Tinetti dependence)
- -

1996 n = 775 measured by CS with decreasing
mean age: 79 MMSE) cognition

*predictor and outcome variables named as in Functioning and Activity Model, names in () are those used in
each study by researchers MV=multivariate, CS-chi-square, MMSE=Folstein Mini-Mental State Exam

Figure 7. Evidence for Personal Characteristics as Predictors of Functioning and Activity

Critics argue that findings showing race is not a predictor of level of physical

functioning may be statistically correct, but clinically wrong. Instead, race may be a

social risk factor for physical functioning rather than a biological risk factor (Maddox,

*.
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Clark, & Steinhauser, 1994). In other words, subjects from different races may have

differences in income and education, common measures of socioeconomic status (SES),

that must be considered along with race as predictors of physical functioning. If the SES

factors are included in the analysis as a separate variable from race, race alone may not

have a significant association with physical functioning. In the two studies cited above

(Perkowski et al., 1998; Rantanen et al., 1998), in which race was not associated with

level of physical functioning, SES was controlled in the analysis. It is possible that if

race were entered before SES in a hierarchical regression analysis, race would explain a

significant amount of the variance in physical functioning, an effect that is lost if SES is

entered first or simultaneously.

On the other hand, biological race may predict level of physical functioning or

activity participation separately from the SES factors of race. For example, a study that

used the EPESE data from New Haven found that blacks were 1.66 times more likely to

report difficulty in performance of ADL than whites were, controlling for age and SES (p

< .05), suggesting that race, as a biological factor, may be associated with level of

activity participation. However, the findings from the EPESE data from North Carolina

were different. Those results showed that blacks and whites had the same levels of

functioning when SES was controlled [Mendes de Leon, 1995 #140. It is clear that

further work is needed to clarify the relationships among race, SES, and functioning.

There is a growing interest among researchers in ethnicity and race as important

variables in physical functioning studies. Further studies may confirm that race is not

independently associated with physical functioning, or may show that race interacts with

other variables, such as income, education, or gender. For example, it is possible that
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aspect of race and, therefore, the separate variable of race in an analysis measures only its

biological aspect. In order to answer these questions, two key factors are needed in

physical functioning research: (a) recruitment and retention of participants from diverse

races, and (b) separate statistical analyses of race as a possible independent predictor of

physical functioning.

Gender

Gender, like race, has not often been considered an independent risk factor in

physical functioning studies. This is similar to the treatment of age in physical

functioning studies; gender is generally acknowledged to be a major difference among

participants and therefore, gender must be considered in the analysis of the results, but it

is not usually the variable of interest to researchers.

However, there is evidence that the combination of gender with other variables

may predict level of physical functioning. One study, shown in Figure 7, found marital

status, income, and education had stronger associations with physical functioning for men

than for women (Strawbridge et al., 1993). However, these interactions were only

statistically significant at an alpha level of .10, not very convincing evidence. In

addition, this study found no difference between men and women in the associations of

ethnicity, chronic conditions, and social support with physical functioning. In another

study, Lawrence and Jette (1996) analyzed the data from 1048 participants in the

Longitudinal Study of Aging. They found that female gender was significantly

associated (p<.05) with onset of more self-reported limitations in upper and lower body

movements over a period of four years (1984-88). The researchers also found that gender
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was not significantly associated directly with IADL difficulty in 1988 and 1990. These

findings support the conceptualization of the Functioning and Activity Model, that risk

factors, such as gender, affect physical functioning tasks before they affect activity

participation.

Some researchers have found that gender has a direct association with physical

functioning as measured by scores on performance tests. For example, Perkowski et al.

(1998) found that female gender was negatively associated (p<.01) with a summary

performance measure that included 8-foot walk, tandem stand, and chair rise-and-sit.

Another group of researchers used data from a large sample (n = 11,000) over a decade of

observations and found that females were less likely to be disabled when education and

income were controlled (Maddox et al., 1994) (see Figure 7). The researchers, however,

were not convinced that female gender was a strictly biological variable that was

associated with physical performance. Instead, they proposed that female gender, like

race, is a proxy for a history of resource deprivation. Thus, they suggested that the

predictive value of gender and race in physical functioning studies will not be significant

when SES variables are included in the analysis. If gender and race are shown to be

independent significant predictors of physical functioning, it may be the result of poor

health or lack of income throughout life, i.e. there may be physical manifestations of

earlier SES factors.

Socioeconomic status (SES)

In physical functioning studies, SES is usually measured by income and education

level. However, as stated earlier, some authors believe that race and gender may be

proxies for SES or vice versa (Maddox et al., 1994). Certainly, there are problems with



the traditional measurements of SES. For example, many elders are reluctant to report

income and this is often missing data in studies with elderly participants. There are also

cohort and geographic differences in income levels that may make comparison of studies

difficult. In spite of the difficulty of measuring and interpreting SES, it is an important

risk factor that has been consistently associated with physical functioning, though the

measurement of SES may vary from study to study (Guralnik et al., 1994a; Maddox et

al., 1994; Manton, Stallard, & Corder, 1997; Mendes de Leon et al., 1995; Penninx et al.,

1998; Seeman et al., 1994).

Maddox et al. (1994), (see Figure 7), used a Social Security Administration

Dataset of men and women aged 58–63 at baseline, to investigate the changes caused by

reduced income as the respondents transitioned to retirement from 1969-1979. In this

group, income and education level were significant independent predictors of level of

physical functioning, though chronological age was not. Those who were poor in 1969

were 1.71 times more likely to experience “impairments” during the decade than those

who were non-poor (p< .001). Respondents with a high school education were 1.35

times more likely than college educated respondents to experience “impairments” (p<

.001). Though the measures of income (above and below the federal poverty level) and

education (high school vs. college) were accurate for these data, the measure of

functioning is problematic. As there were no summary measures of functioning at the

time, the data collection protocol included a wide variety of questions which had to be

culled for analysis in the study by Maddox et al. Potential items were rated by panelists

and analyzed with factor analysis in order to identify 15 items to measure functioning in
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the current study. Therefore, functioning, as measured in this study may be difficult to

compare to functioning measured in recent studies.

In spite of this measurement weakness, the income and education data are

compelling. In discussing their findings, the researchers proposed that income and

education, which are often used together to measure SES, may instead measure different

aspects of SES. They proposed that education level be used as an indicator of early SES

and that current income be used as an indicator of current SES in studies of elders.

Maddox et al. (1994) called these “distal” and “proximate” measures of SES. This idea

may warrant further exploration in other datasets and it argues for the inclusion of both

income and education data in all studies of physical functioning. In addition, Maddox et

al. theorized that the influence of gender and race on physical functioning is almost

completely explained by differences in education and income, thus gender and race will

be only weakly associated with physical functioning in studies that include poverty and

education risk factors.

The ambiguity of the ways in which race, gender, and SES may interact with each

other is illustrated by the findings of a study that used three different statistical analyses

of data from 1192 high-functioning men and women, aged 70-79 (Seeman et al., 1994).

First, cross-sectional baseline significant bivariate correlations were found between lower

levels of physical functioning and female gender, black race, annual income < $10,000,

and < 8 years of education (p<.05). Second, a linear regression model of decline in

performance from 1988 to 1991, showed female gender, annual income < $10,000, and

higher education were significantly associated with changing to a lower level of physical

functioning between 1988 and 1991 (p<.05). Race was not associated with decline in
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physical functioning over 3 years. Third, a nominal logistic model of risk for

improvement or decline in performance found that gender, income, and education level

did not significantly increase the odds of either improving or declining in performance.

The only significant risk factor for improvement in performance was black race.

The analysis of the data in this study reveals the difficulty of interpreting the

results of studies that have found significant associations between physical functioning

and SES, gender, or race. Associations may be the result of the statistical analysis or the

manner in which the physical functioning outcome is defined, for example the outcome

of “change in physical functioning” may produce different results than simple “level of

physical functioning” even if the same data are analyzed for both outcomes. In addition,

study findings may appear more significant because of the exclusion of other factors. For

example, race may appear to be a risk factor for physical functioning if income or

education are not measured.

The dilemma of how to measure SES needs to be resolved. If income and

education can be accurately measured, should they be separated as proximate and distal

indicators of SES2 Can either race or gender be used as a proxy for SES in studies that

did not measure income or education? If income and education are measured, should

gender and race be excluded from the analysis of the data? Future work may clarify these

issues but, until then, it would be prudent to include all variables—race, gender, income,

and education—in physical functioning studies, while acknowledging that the effects of

some may be attenuated by the presence of others.

* *

". . . .
--

- * *
a - i* * *

-----,

----



51

Social support

There is evidence that the number of an individual’s social contacts is associated

with his or her level of physical functioning. In one study, five or more close personal

contacts almost doubled the likelihood that a person would have no difficulty in

performing any functioning task compared to those without social contacts (OR = 1.82, p

<.05) (Strawbridge et al., 1996) and, further, social contacts were important for both men

and women (Strawbridge et al., 1993). Type of social support may be as important as the

simple presence or absence of social contacts. Seeman et al. (1995) studied a cohort of

high functioning elders and found that emotional support was more significant (p< .004)

than instrumental support (p<09) in predicting less decline in physical performance

during 2.5 years (see Figure 7).

The effect of social support on functioning is adequately supported by research

evidence. A more interesting question for future research is the pathway by which social

support predicts physical functioning and activity participation. Perhaps friends and

family reduce risky behaviors or aid in the management of chronic disease regimens, for

example by overseeing medications or treatments. Alternatively, the number of social

contacts may show social involvement or “getting out”, thus indicating a greater degree

of mental and physical fitness.

Cognition

The association of cognitive status with physical functioning has seldom been

addressed in the literature. Nevertheless, when cognitive impairment has been measured,

it has been associated with level of functioning (Gill, Williams, Richardson, & Tinetti,

1996; Moritz, Kasl, & Berkman, 1995; Rozzini et al., 1997). The study by Gill et al.

["
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(1996), shown in Figure 7, is particularly useful, because cognitive performance was

divided into quartiles based on score on the Folstein Mini-Mental State Exam (MMSE) in

order to assess the risk of developing dependence in at least one ADL for each level of

declining cognitive ability. Results showed that those scoring below 23 on the MMSE

were twice as likely to become dependent as those who scored between 28 and 30 (RR =

2.0, p < .05). Similarly, Rozzini et al. (1997) found that scoring < 24 on the MMSE was

independently associated with difficulty in ADL, IADL, and poor performance on a

physical performance test (p< .001).

Clearly, there is evidence in the physical functioning literature for the inclusion of

the five personal characteristics in the Functioning and Activity Model: race, gender,

SES, Social support, and cognition. It is less clear how these characteristics interact with

each other. Race and gender may be proxies for SES. Race, gender and SES may be

associated with behavioral risk factors such as smoking or inactivity. Race, gender, or

SES may increase the likelihood of developing particular medical conditions. Many

research studies have provided evidence to support the inclusion of three concepts in the

Functioning and Activity Model that predict levels of physical functioning: pathology,

behavioral risks, and personal characteristics. The ways in which these factors interact

will perhaps be clarified in future studies.

Evidence for Fitness as a Predictor of Functioning and Activity

The concept of fitness in the Functioning and Activity Model is measured by

physiological measures of body systems, such as cardiovascular, musculoskeletal,

neurological, or metabolic systems. In the research literature on physical functioning in

elders, musculoskeletal strength has been the focus of most studies that look at fitness as
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a predictor of physical functioning. In many of these, exercise may be considered a

proxy for musculoskeletal fitness because exercise has been shown to increase muscle

strength in frail nursing home residents (Fiatarone et al., 1994) and in community-living

elders (Ettinger et al., 1997; Rantanen et al., 1998). Therefore, studies that showed a

significant association between exercise and physical functioning are included in this

review as evidence that fitness predicts physical functioning.

Author i. Predictor Outcome Variable” Conclusions/

Year Mean º Variable” Statistical Analysis Comments

Fiatarone, RCT
-

Physica functioning Exercise group signif.
7A 1 -: n = 100 Fitness (gait velocity, stair

- - -O'Neill, Ryan, et
- - - - -

higher gait velocity,
al. mean age: 87 (resistance climbing, spontaneous stair climbing power
1994 frail, nursing exercise) physical activity)

-home residents MV than non-exercisers
Cohort

Fries, Singh, *...* and 8 Fitness Activity participation Running signif. assoc.
Morfeld, et al. followups) (runners vs. (physical functioning) with improved
1994 n = : never-runners) MV physical functioning

aged 50-72
Cohort

Seeman, (baseline and 1 Moderate and

Berkman, 2.5 yr. Fitness Physical functioning strenuous exercise

Charpentier, et | followup) (exercise ) (physical performance) | equally associated
al. n = 1015 MV with positive changes
1995 aged 70-79 in performance.

Both types of
- - - -

exercise assoc. with
Ettinger, Burns, RCT Fitness Physical functioning improved physical

- -
(aerobic and (physical performance)

Messier, et al. n = 365 resistance MV performance tests
1997 mean age: 68.5

-
and self-reports ofexercise)

-better physical
functioning

Ferrucci Cross-sectional Muscular strength
-. Fitness Physical functioning (knee, hip) predicted

Guralnik n = 985
Bºchner et al aged 65+ (muscle (physical performance) better walking,
1997 º -

9 strength) MV balance, and chair
rise

*predictor and outcome variables named as in Functioning and Activity Model, names in () are those used in
each study by researchers RCT=randomized controlled trial, MV=multivariate

Figure 8. Evidence for Fitness as a Predictor of Functioning and Activity

A 1994 randomized controlled trial shown in Figure 8 demonstrated that frail

nursing home residents who completed an exercise program significantly increased their



muscle strength compared to those who did not participate in exercise (mean increased

strength in exercisers, 113%) thus supporting the argument presented above that exercise

may be a proxy for fitness. Though the sample size was small (n = 100), the findings are

remarkable: those who participated in a relatively short resistance training program (3

days a week for 10 weeks) showed significant improvements in muscle strength (knee

and hip extensors) and physical functioning (measured by gait velocity and stair climbing

time) compared to non-exercisers (p< .001) (Fiatarone et al., 1994).

Likewise, a randomized controlled trial, shown in Figure 8, tested aerobic vs.

resistance exercise in a group of 439 community-living elders with arthritis and found

that both types of exercise increased strength and performance (Ettinger et al., 1997).

Those in the aerobic group (n = 117) participated in an 18-month program of walking and

significantly increased the group mean knee flexion strength (p< .004), 6-minute walk

time (p< .001) and lift-and-carry task (p< .001) compared to controls who received

health education. Participants in the resistance training group (n = 120) completed an 18

month program of weight training and also significantly increased knee flexion strength

(p<.01), 6-minute walk time (p<.02), and lift-and-carry task (p<.003) compared to

controls. At the end of the study, the members of both exercise groups also reported

fewer difficulties with physical functioning tasks and participation in activities.

In contrast, another randomized controlled trial found no difference in gait or

balance tests in three exercise groups compared to a non-exercising control group, nor

was there any difference in self-report of task difficulty. Group 1 (n = 25) trained on

weight machines, group 2 (n = 25) trained on bicycles, and group 3 (n = 25) used both.

The small sample size in this study and the relatively short duration of the exercise

■ .
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program (6 months) may help to account for the finding of no association between

exercise and level of physical functioning (Buchner et al., 1997).

In a study shown in Figure 8, exercise predicted a slower rate of decline in

physical functioning for elders who were regular runners for a period of eight years

compared to those who did not run for exercise. The difference in levels of physical

functioning between the runners and non-runners was significantly wider after eight years

than at baseline (p< .001) because the functioning of the non-runners declined more than

that of the runners (Fries et al., 1994).

Exercise has been associated with positive changes in performance of physical

functioning tasks in other studies that followed individuals over time (Guralnik et al.,

1994a; Seeman et al., 1995; Seeman et al., 1994). Lawrence and Jette (1996) analyzed

longitudinal data and found that walking a mile a week was significantly associated with

fewer limitations in self-reported physical functioning (p<.05), but not directly

associated with self-reported limitations in activities. Though the authors acknowledged

that the fitness measure in this study was weak (one self-report item on walking), the

results provide preliminary evidence for fitness as a predictor of physical functioning.

Several studies have demonstrated an association between muscle strength and

physical functioning without regard to the level of exercise that may have contributed to

muscle strength. For example, knee extensor strength and hip flexor strength were

associated with scores in physical performance tests in one study, summarized in Figure 8

(Ferrucci et al., 1997a) and leg extension strength was significantly associated (p< .001)

with greater walking speed in 130 men and women aged 80-85 in another study

(Rantanen & Avela, 1997).
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Another study went a step further, measuring not only muscle strength in relation

to physical functioning, but also the effect of physical functioning on activity

participation in 104 frail adults aged 65-94. The researchers found that knee extensor

strength, age, and gender explained 39% of the variance in timed stair-climbing ability (a

physical functioning task). Another model showed that age, gender, and stair-climbing

time explained 22% of the variance in self-reported IADL (activity participation). These

findings suggest that the Functioning and Activity Model may be correct in proposing

that fitness affects performance of physical functioning tasks first and activity

participation later (Jette & Jette, 1997).

There may be a critical threshold of muscle strength above which increasing

strength does not increase ability to perform a physical task. Two groups of researchers

have found a non-linear relationship between muscle strength and limitations in

performance of physical functioning tasks, demonstrating a threshold at which increasing

leg extension power did not improve walking speed (Rantanen & Avela, 1997) and a

threshold at which increasing knee extensor strength did not increase stair-climbing time

(Jette & Jette, 1997). Findings by Seeman et al. (1995), that moderate and strenuous

exercise had the same association with improved level of physical functioning, may lend

support to the threshold theory that there is a point at which increasing muscle strength

does not increase performance (see Figure 8). These findings suggest a future direction

for research in identifying strength-function thresholds for specific tasks.

Though musculoskeletal fitness may be the most obvious predictor of impairment

in physical functioning tasks, there is evidence that the fitness of other physiological

systems may also predict difficulty in physical functioning tasks and participation in
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activities. Seeman et al. (1994) found that lower peak expiratory flow rate (a measure of

respiratory fitness) was a significant predictor (p< .001) of a decline in score on a

physical functioning performance test in a cohort of high functioning elders aged 70-79

(n = 1192). In another study, cardiorespiratory fitness, measured by maximal oxygen

uptake, and muscle strength were both associated with limitations in ability to perform

functioning tasks (p<.05)(Morey, Pieper, & Cornoni-Huntley, 1998). Neurological

fitness, measured by level of neurological function, has been associated with level of

performance of ADL in stroke patients (Paolucci et al., 1998).

Evidence for Symptoms as Predictors of Functioning and Activity

Unlike earlier conceptual frameworks, the Functioning and Activity Model

separates the concept of symptoms from that of pathology. In other words, symptoms,

which may change from time to time, are conceptualized as affecting physical

functioning independent of underlying pathology. For example, in the study by Rejeski

et al. (1996), summarized in Figure 9, all participants had similar levels of knee

osteoarthritis, but reported different levels of pain when climbing stairs or lifting and

carrying a weight. The researchers found that higher levels of pain (a symptom) were

associated with longer performance times (p<.01). Thus, the symptom of pain caused

the difficulty in task performance rather than the arthritis (underlying pathology), which

was similar for all participants.
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Author Study Design Predictor Outcome Variable” Conclusions/
# of Subjects i-l-lair - - - -Year Variable Statistical Analysis CommentsMean Age

Poor vision and
Cohort (baseline Symptoms

- -

oor vs
-

Activity depression are relatedTinetti, and one annual (falls, a
- - - - - ---

- -
participation to decreasing ability toInouye, Gill, et followup) possible

-(functional perform ADL, esp.
al. n = 927 proxy for

- -

- -

dependence) when combined with
1995 age at baseline: fatigue or MV decreased muscle

72+ weakness) strength.

Rejeski, Cross-sectional Physica functioning Pain associated with
Craven, Symptoms (physical

-
n = 79

- - -
lower level of physical

Ettinger, et al. mean age: 69 (pain) functioning) erformance
1996 9 MV p

-

ort (baseline Severity of depression
Penninx, and one 4-yr.

- - - -

-
Symptoms Physical functioning score at baselineGuralnik, followup)

- - - -

-
(depressive (physical decline) predicted rate of

Ferrucci, et al. | n = 1286 symptoms) MV hysical decline 4 years
1998 age at baseline: ymp pny y

71 + later

*predictor and outcome variables named as in Functioning and Activity Model, names in () are those used in
each study by researchers ADL=activities of daily living, MV=multivariate

Figure 9. Evidence for Symptoms as Predictors of Functioning and Activity

The evidence is particularly strong for depressive symptoms as a predictor of

difficulty in performing physical functioning tasks, such as ambulation, transferring, and

upper and lower body movements, and of participation in activities, such as ADL, IADL,

and family and community roles. Cress et al. (1995) studied 200 nursing home residents

and found that depressive symptoms were moderately, but negatively, associated (r = -

.22, p < .01) with gait speed. The findings were similar, and statistically significant, in

417 community dwelling subjects aged 62–98 years who were tested in the same study.

Kempen et al. (1996) found that depression explained a significant amount of the

variance in self-reported levels of physical functioning (r =.04, p < .001) ■ o 624

subjects aged over 57 who lived independently. The association between depressive

symptoms at baseline and decline over time in ability to perform tasks has also been

shown in several longitudinal studies (Cho et al., 1998; Penninx et al., 1998; Strawbridge
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et al., 1996), supporting the role of depressive symptoms as a predictor of level of

functioning, rather than depression as an outcome of functioning, although the latter

relationship is also possible.

Other symptoms such as poor vision (Perkowski et al., 1998; Rozzini et al., 1997)

and shortness of breath (Ahto et al., 1998) have also been associated with lower levels of

physical functioning. Falls are commonly associated with declining levels of

performance of self-care tasks, and this association has been demonstrated as causal in

studies over time (Cho et al., 1998; Tinetti, Inouye, Gill, & Doucette, 1995). Falls may

be a proxy for the symptoms of weakness, fatigue, or balance deficits.

Though the evidence is strong for symptoms as a separate concept in the

Functioning and Activity Model, it can be difficult to prove that symptoms predict

physical functioning rather than the reverse. For example, depressive symptoms may

cause lower levels of physical functioning or, alternatively, low levels of physical

functioning may cause a person to feel depressed. At the same time, other symptoms

such as pain or fatigue may influence both depressive symptoms and physical

functioning. To clarify the associations among the various symptoms and physical

functioning, future studies will need to use conceptually clear measurements of

symptoms, physical functioning, and activity participation.

Evidence for the Separate Concepts of Preclinical Physical Functioning, Self-Reported

Physical Functioning, and Activity Participation

The Functioning and Activity Model does not have the traditional concepts of

functional limitation, disability, or handicap found in earlier models (Nagi, 1976;

Verbrugge & Jette, 1994; World Health Organization, 1980). Some of these traditional

-*



functioning concepts have been criticized in the past as not sufficiently differentiated

(Jette, 1994b), not complete (Heerkens et al., 1994), or in need of clarification as to the

methods of measurement for each concept (Branch, 1996; Verbrugge & Jette, 1994). As

an improvement to the traditional disability frameworks, the Functioning and Activity

Model has three outcome concepts that represent different aspects of physical functioning

and activity participation. Each concept is measured by ability to perform specific tasks.

Rather than conceptualizing functioning in old age as an inevitable downward trend,

functioning is conceptualized as a dynamic process in which the level of physical

functioning or activity participation can change for the better or worse depending on

environmental or personal circumstances. The two levels of physical functioning in the

model are preclinical physical functioning and self-reported physical functioning. In

addition, the model includes a third functioning concept, activity participation.

The inclusion of three new concepts to represent different aspects of functioning

in the Functioning and Activity Model, rather than the traditional two, was based on the

studies shown in Figure 10, especially that of Fried et al. (1996). They detected an early

preclinical stage of physical functioning by asking an additional question to participants

who had earlier reported no difficulty in performing a task: “Have you changed the

method you use to perform task, compared to how you did it before?” In their study,

more than 65% of participants reported such a modification, which represented

preclinical, not-yet-recognized difficulty in task performance. Thus, the majority of

elderly individuals in the study were reporting no difficulty in task performance on

standard questionnaires, when, in fact, they were experiencing early difficulties that

required adjustments in their ways of managing those tasks.

******
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Author Study Design Evidence That Concepts are Evidence That Concepts# of Subjects
- - - -Year Associated are Distinct

Mean Age
Participants had no self-reportedCohort

- - - - - - - - - - -

- -
Preclinical Physical Functioning limitations at baseline, butGuralnik, (baseline and

- - - -

-
at baseline (meas. by physical | different scores on physical

Ferrucci, one 4-yr.
-

Simonsick. et followup) performance tests) predicted performance tests. These scores
al y n = 1 122 Activity participation four predicted future self-reported
1 995 age at baseline: | **** later (meas. by self- limitations, suggesting that: + report of ADL) physical performance difficulties

precede self-report of difficulties
Preclinical Physical Functioning

Judge, Cross-sectional at baseline (meas. by physical
Schechtman, performance tests) weren = 21.90

- -

Cress, et al. mean age: 75 strongly associated with
1996 ge: Activity participation (meas.

by self-report of IADL)

Fried, Bandeen

65% of participants who
perceived no limitations in
physical functioning (reported “no
difficulty" on tasks) reported

Roche, Cross-sectional limitations in preclinical physical
Williamson, et n = 231 functioning(modification of
al. mean age: 73 performance of tasks).
1996 Distinction between these two

concepts found by asking
additional question about
modification of tasks

Cross-sectional correlations Activity participation at baseline
between Preclinical Physical predicted Physical Functioning 3

Hoeymans, Cross-sectional | Functioning (meas. by physical yrs. later better than Physical
Feskens, van
den Bos, et al.
1996

and longitudinal
n = 303

mean age: 75

performance tests) and
Activity participation (meas.
by self-report of IADL) were
moderate (.22-.39) at
baseline and three years later

Functioning at baseline predicted
Activity participation 3 yrs. later.
Findings suggest the concepts are
separate and may have a dynamic
2-way relationship

ADL=activities of daily living, IADL=instrumental activities of daily living

Figure 10. Evidence for the Separate Concepts of Preclinical Physical Functioning, Self
Reported Physical Functioning, and Activity Participation

To confirm that those who reported task modifications were, in fact, experiencing

an early decline in physical functioning, Fried et al. evaluated all study participants with

actual performance tests in walking, stair climbing, chair stands, grip strength, and pinch

strength. The researchers found that performance speed of the first four tests (all lower

extremity) decreased in a stepwise fashion. Performance was highest in subjects with

high function (who reported no difficulty and no modification of tasks), performance was

lower in subjects who had reported no difficulty but also reported modification of the
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tasks, and performance was lowest in the patients who had self-reported difficulty in

tasks at the beginning (Fried et al., 1996). Separating the preclinical physical functioning

concept from self-reported physical functioning, as suggested by the work of Fried et al.,

is a useful innovation of the Functioning and Activity Model because accurate

measurement of this level may facilitate early intervention to prevent further declines in

physical functioning.

Though Fried et al. (1996) were the first to find preclinical limitations in physical

functioning by self-report of task modification, many researchers believe that measuring

actual performance of physical functioning tasks, such as walking, climbing stairs, lifting,

reaching, and grasping, also detects limitations earlier than participants will report

difficulty. For example, in a cohort of high-functioning individuals who reported no

difficulty in task performance at baseline, Guralnik et al. (1995) found that lower scores

on physical performance tests at baseline (a measure of preclinical physical functioning)

were associated four years later with a statistically significant graduated increase in self

reported task limitations (a measure of self-reported physical functioning). After

adjustment for age, gender, and the presence of chronic disease, those with the lowest

performance scores at baseline were 4.2 to 4.9 times more likely to have self-reported

difficulties in tasks four years later compared to those with the highest performance

scores at baseline (p<.05). Further, these researchers found that performance tests of

lower extremity function were more predictive than tests of upper extremity function, a

result that has been reported by others (Hoeymans, Feskens, van den Bos, & Kromhout,

1996). Focusing on lower extremity tests to find early declines in physical functioning

may shorten and simplify the administration of performance tests, thus making them
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more clinically useful. For this reason, Guralnik et al. (1995; 1994a) suggested the use of

three lower extremity tests, tandem stand, 8-foot walk, and chair rise-and-sit. These three

tests can be administered by a trained layperson in an elder's home or in a clinic, without

special equipment. Performance times on these three tests predicted future declines in

physical functioning in several studies (Guralnik et al., 1995; Guralnik et al., 1994b;

Hoeymans et al., 1996; Hoeymans, Wouters, Feskens, van den Bos, & Kromhout, 1997;

Tinetti et al., 1995).

Based on the empirical data in these studies, the first physical functioning concept

in the Functioning and Activity Model, preclinical physical functioning, is measured

either by physical performance tests, especially lower extremity tests, or by self-report

using the modification question developed by Fried et al. (1996). The second physical

functioning concept, self-reported physical functioning, is measured by self-report of

difficulty in performing body movement tasks. In other words, the tasks are the same as

those of the preceding concept (preclinical physical functioning), such as walking,

climbing stairs, reaching, lifting a weight, grip strength, tandem stand, or chair rise-and

sit, but the individual recognizes and reports difficulty doing those tasks. The final

outcome concept in the model, activity participation, is measured by self-report of

difficulty with more complicated tasks, for example ADL, IADL, family roles, hobbies,

and so forth. Correct measurement of the separate concepts is crucial. Currently, many

measurement instruments mix physical functioning tasks, ADL, IADL, and other

activities. These aggregated measures preclude comparative analysis of the data from

different studies because of lack of conceptual clarity on the level of physical functioning

that was measured.

- A
-: [.

*/º
* a!' .



64

Many studies support the idea that preclinical physical functioning (performance

tests of tasks or self-report of modification), self-reported physical functioning (self

report of difficulty in tasks), and activity participation (self-report of difficulty in

activities) are strongly associated (Gill et al., 1996; Judge, Schechtman, & Cress, 1996;

Kempen et al., 1996; Seeman et al., 1994; Tinetti et al., 1995). The existence of different

task difficulties measured by both performance and self-report, and the association of

those various difficulties to each other, is well-established in physical functioning

research. It is more difficult to find support in the literature for the separation of these

three concepts in the Functioning and Activity Model. Therefore, distinguishing the

separate concepts from each other is the primary purpose of this portion of the review of

the literature.

The association between physical functioning and activity participation is

supported by research. In fact, the belief in the construct validity of the relationship of

the two concepts -- that difficulty in body movement tasks is likely to indicate difficulty

in activity participation – is so pervasive that it has led to the present measurement

muddle of aggregated measures in which body movement tasks, ADL, IADL, and other

tasks and activities are combined in one instrument.

Some researchers, however, have studied the association with more conceptual

clarity by differentiating performance tests of physical functioning tasks and concurrent

report of participation in activities, measured by self-report of ADL or IADL. The

findings of several studies have shown a statistically significant association between

performance tests of physical functioning tasks, self-reported physical functioning, and

activity participation using cross-sectional methods and clear conceptual measurements
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(Judge et al., 1996; Kempen et al., 1996). Furthermore, some researchers have used the

analysis of cross-sectional data to establish the separation of the concepts rather than

mere association. Therefore, these studies are more useful to the present inquiry into the

distinct domains of the three physical functioning concepts in the Functioning and

Activity Model. For example, Rozzini et al. (1997) compared the personal characteristics

that were associated with cross-sectional scores on physical functioning performance

tests and self-report scores on ADL and IADL for 549 elderly subjects. The results

showed different predictors for the two concepts: cognitive deterioration, several

diseases, hearing loss, and vision loss were independently associated with performance of

physical functioning tasks only (p< .01), and cognitive deterioration and depression were

associated with self-report scores of ADL and IADL (p< .001). Though the data were

cross-sectional, the researchers suggested that the different predictors indicated a

difference in the concepts and that difficulty in physical functioning tasks may precede

difficulty in ADL and IADL. In a similar use of cross-sectional data of 1453 adults with

a mean age of 72, Kelly-Hayes, Jette, Wolf, D'Agostino, and Odell (1992) found that

cognitive impairment and history of stroke were significant predictors of lower scores on

performance tests of physical functioning tasks. In contrast, there were six significant

predictors of self-report of difficulty in ADL: age, gender, perceived health, cognitive

impairment and history of stroke (p<.05). Because the predictors were different, the

researchers concluded that physical performance tests measure a different concept than

does self-report of ADL.

Another study (n = 5174) found that the score on a self-report measure of

difficulty with walking and climbing stairs (a measure of self-reported physical



functioning) explained 42% of a summary score on a physical performance test (a

measure of preclinical physical functioning), findings that support the close association of

these two concepts in the Functioning and Activity Model. In addition, the same study

found that summary performance score was an independent predictor (p<.05) of

admission to a nursing home in 2.46 years (presumably a measure of decline in activity

participation, such as ADL). This study demonstrated the strong association between the

physical functioning concepts, while the later time of onset for a decline in activity

participation (nursing home admission) may support the hypothesis that activity

participation is a separate concept from the physical functioning concepts (Guralnik et al.,

1994b).

There is additional longitudinal evidence of the separate identities of the physical

functioning concepts and the activity participation concept. Guralnik et al. (1995) found

that physical performance tests at baseline were associated with statistically significant

graduated decreases in self-report scores of activity participation four years later. All of

the participants reported no difficulty with activity participation at baseline, but the

results four years later showed a dramatic association between the two concepts; those

with the lowest baseline performance scores on physical functioning tasks were 4.2 to 4.9

times more likely to report difficulty in activity participation four years later (p<.05).

Thus, these data showed that the physical functioning concepts are strongly associated

with the activity participation concept and the later onset of the latter strengthens the

argument for the separation of the concepts.

A structural equation model of cross-sectional data from 524 older subjects who

reported no difficulty in IADL at baseline provides more evidence that the physical
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functioning concepts precede that of activity participation. The researchers found that

age, exercise, and musculoskeletal problems in 1984 predicted self-report of physical

functioning in 1988 (p<.05). In turn, self-report of physical functioning in 1988

predicted self-report of activity participation (measured by IADL) in 1988 (p< .05)

(Lawrence & Jette, 1996). The statistical technique of structural equation modeling

separated the associations among concepts in such a way that causal relationships could

be inferred from the cross-sectional data because the underlying theoretical model

supported the causal relationship.

The data from a study of 494 elderly men led to a different conclusion than that of

the above studies. In cross-sectional analysis, the researchers found only a moderate

association between performance test scores (physical functioning tasks) and self-report

of ADL and IADL (activity participation) when measured at baseline (r = .22) and again

three years later (r = .39). Correlations between the 3-year changes in performance and

self-report scores were also modest, but significant (r = .20, p < .001). The researchers

concluded that the moderate associations of the cross-sectional data showed that the

concepts were complementary and did not measure the same constructs. However, the

results of longitudinal analysis of these data were unexpected, because the study was

based on The Disablement Process model (Verbrugge & Jette, 1994) that physical

functioning difficulties (measured by performance tests) precede activity participation

difficulties (measured by self-report of ADL). Using multiple regression analysis, the

researchers found that, in models that included age and all 1990 scores, performance

score in 1990 explained only 3.2% of the variance in self-report score in 1993, but self

report score in 1990 explained 10.9% of the variance in performance score in 1993 (p<
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.05 for both), the reverse of what would be expected based on The Disablement Process.

The researchers concluded that the association between the concepts was dynamic and

each may influence the other in either direction. This conclusion is similar to the

conceptualization of functioning in the Functioning and Activity Model as a process in

which an individual can improve or decline in his/her physical functioning or activity

participation depending on the effect of symptoms, pathology, behavioral risks, and other

factors.

Two studies have addressed the newest conceptual question raised by the

proposed physical functioning concepts in the Functioning and Activity Model; are there

two separate concepts for physical functioning, preclinical and self-reported, as suggested

by Fried et al. (1996). A cross-sectional investigation of the physical performance of 417

nursing home residents found that depressive symptomatology was associated with

perceived difficulty in physical functioning tasks, i.e. depressed patients reported that

they thought they would have more difficulty with physical functioning tasks, such as

walking and climbing stairs, than did patients who were not depressed. However, there

was no statistical difference between depressed and non-depressed people when they

actually performed walking tests. The results suggest that preclinical, unperceived

limitations in physical functioning is a different concept than self-reported physical

functioning because depression predicted one and not the other (Cress et al., 1995).

Likewise, Ryan and Fried (1997) found that kyphosis was associated with physical

performance of the tasks of walking and stair climbing but was associated with only one

of nine self-report of physical functioning tasks, thus providing evidence that the

concepts are different and that changes in preclinical physical functioning (physical tests)

º: ;
wº

~ ; ,

- *--

---

- (- E
/...

R_*

---



69

precede changes in self-reported physical functioning (self-report). However, evidence is

still weak for the separate conceptualization of preclinical and self-reported physical

functioning. These two cross-sectional studies provide only preliminary justification for

the existence of the preclinical construct as a separate concept of the Functioning and

Activity Model. The findings of a preclinical level of physical functioning by Fried et al.

(1996), who asked the question about task modification, provides the strongest theoretical

support for the inclusion of the preclinical physical functioning concept in the

Functioning and Activity Model.

Though there is more work to be done, the studies cited above provide evidence

that the three final concepts in the Functioning and Activity Model may represent

associated, but separate, concepts. In particular, there is strong evidence that the

preclinical physical functioning concept, measured by performance tests, is associated

with the final concept in the model, activity participation, measured by self-report of

ADL, IADL, or other activities. With the exception of Hoeymans et al. (1996), who

found that limitations in activity participation may predict limitations in physical

functioning, researchers have found that difficulties in physical functioning precede

problems with activity participation. The distinction between the preclinical and self

report phases of physical functioning has less support, but more potential importance in

diagnosing early difficulties in physical functioning in order to intervene to prevent

further decline.

Measurement Issues

The preceding review of the literature surveyed the research evidence for each

pathway in the Functioning and Activity Model. However, a summary of empirical
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evidence is not sufficient support for the Functioning and Activity Model without a

discussion of the underlying measurement issues that affect the quality of the data in all

studies of physical functioning. The purpose of this summary of measurement problems

is to propose improvements in data quality in physical functioning studies in order to

promote more precise measurement of concepts and improve the comparability of

studies. Better measurement and analysis of data in future studies would enable more

exact testing of the Functioning and Activity Model by literature review, statistical

modeling, and intervention studies.

Measurement Precision and Valence

Continuous scores for measurement of most variables in the Functioning and

Activity Model would enhance the utility of data from research studies. Currently, many

variables, including physical functioning itself, are measured with ordinal items that are

Summed and dichotomized, resulting in a loss of variability. If continuous level data

were collected and disseminated, other researchers and analysts could select cutpoints for

particular purposes, but the underlying continuous score would be available so studies

could be compared or data re-analyzed. Though tests with continuous scores take more

time to administer, may require more training, and are probably more expensive, the

quality of the resulting data would facilitate finding associations among the variables that

predict physical functioning. In addition, it is time to reconsider the negative valence of

many measures of the concepts in the physical functioning pathway. Studies of

successful aging would be improved by the use of continuous measures that tap a full

range of function, both good and bad, rather than the traditional ordinal scales that

measure only range of difficulty (Verbrugge & Jette, 1994).
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Measurement Problems with Physical Performance Tests

In studies of physical functioning, physical performance tests are usually

considered an accurate measure of ability to perform tasks, such as walking, standing

from a sitting position, climbing stairs, and similar tasks. Many researchers consider

performance tests more objective and reliable than self-reports of difficulty in the same

tasks. In the Functioning and Activity Model, physical performance tests measure

preclinical difficulty in performance of body movement tasks and are presumed to detect

difficulties in physical functioning earlier than do self-reports of difficulty.

However, some researchers have questioned the reliability of physical

performance tests. For example, Hoeymans et al. (1997) found that test-retest reliability

of summary performance test scores (kappa = .53) were worse than the test-retest

reliability of self-reports of difficulty in ADL (kappa = .71) for men over age 80 who

took both tests two weeks apart. The researchers suggested that physical performance

may vary from day to day, while self-report may not be subject to such variation. Tager,

Swanson and Satariano (1998) found low reliability (ICC < .80) in physical

performance tests of grip strength, reaching down, hand dexterity, and walking speed

when they repeated the tests 48 hours apart in a group of subjects over age 55. They

concluded that earlier reports of high reliability in physical performance tests may have

been erroneously based on Pearson Correlations, which mix between- and within-subject

variability, rather than on intraclass correlations. Tager et al. also found considerable

evidence of practice effects in the performance tests. To compensate for the low

reliability of physical performance tests, the researchers suggest that larger sample sizes

may be needed in physical functioning studies, along with accurate analysis of reliability.

*a-
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Administrators and observers of so-called objective physical performance tests

may also be a source of variation. In their study of older men, Hoeymans et al. (1996)

found that even with a standardized training protocol using the same videotape, observers

may not have given the same instructions on how to perform the physical tests to all

participants during the two years of the study. For example, the test of walking speed

instructs the person to walk at his or her own speed, but the chair rise-and-sit instructs the

person to perform as quickly as possible. If this difference is not stressed by the

observer, the participant may walk faster than normal or not rise from the chair with

maximum effort, either of which would affect the scoring of the tests. If a dichotomous

summary score were then produced, rather than a continuous score, the inaccuracy could

be more profound.

In general, physical performance tests are probably a valid measure of physical

functioning. However, the reliability of these tests may be lower than was previously

assumed. Temporal changes in day-to-day abilities and differences in observers’

instructions to participants may affect the accuracy of these tests. Solutions to these

reliability questions may be the use of continuous scores rather than ordinal scales, better

training of observers, larger samples of participants, and correct analysis of the reliability

of performance tests in future studies.

Differences in the Underlying Constructs of Functioning and Activity Measures

Ziebland, Fitzpatrick and Jenkinson (1993) argue that knowing the validity and

reliability of an instrument is not enough in physical functioning studies. Rather, the

researcher must examine the underlying construct of physical functioning in each

instrument in order to select the one that is appropriate to a particular study. Ziebland et
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al. found that self-report instruments that had similar names and purported to measure the

same tasks produced discrepant results according to which of the following four models

of physical functioning was used to construct the questionnaire. The functional model

views physical functioning as a medical problem and asks about what a person can do,

such as “I’m unable to walk, Y/N”. The subjective model measures the distress of

physical functioning by asking about difficulty, such as “Do you find it hard to reach for

things?”. The comparative model looks at physical functioning as a change from former

ways of doing, or differences from others, such as “I am as healthy as anyone I know, -:
Y/N”. Finally, the dependence model bases physical functioning on the need for :
assistance, such as “Do you need help to walk outside?”. The researchers found that the º
same patients with rheumatoid arthritis scored very differently on questionnaires that :
asked about the same tasks in different ways. Further, they found that different -:

underlying constructs of physical functioning were sometimes combined in instruments ~
* ,

that are commonly used in research. For example, the Health Assessment Questionnaire <!
(HAQ) combines two different models: the items ask about difficulty, but the scoring º,
boosts disability scores if an assistive device is used (McDowell & Newell, 1996).

Choosing the correct instrument according to the underlying construct of physical

functioning in a study is not an easy task. Verbrugge and Jette (1994) suggested simply

asking about difficulty in doing a task, but Crawford, Jette, and Tennstedt (1997) found

that test-retest reliability was better when participants were asked about “assistance”

rather than “difficulty”. Further, several researchers have proposed that the method of

administration, for example, self-report or interview, also may affect scores of

measurement instruments and that this discrepancy is difficult to distinguish from that



74

caused by the way questions are asked (Reuben, Valle, Hays, & Siu, 1995; Ziebland et

al., 1993). Another view is that of Glass (1998), who argues that the four constructs of

physical functioning cited earlier, which are found in various commonly used self-report

measures of physical functioning, all represent a “hypothetical tense” of physical

functioning (what a person thinks he or she could do) and, as such, are not useful. He

suggests that an “enacted tense” (what a person actually does) questionnaire is more

useful to evaluate interventions and coping strategies, measure successful aging, and

identify factors that cause some elders to achieve more than others. Though this idea is a

new one, it is possible that the development of new measures based on the “enacted

tense” may sidestep the problem of various underlying physical functioning constructs

and, at the same time, eliminate the negative valence of many self-report questionnaires.

Further work is necessary before a solution can be found for the problems in

measuring physical functioning. Until then, the use of many instruments with different

underlying models of physical functioning makes it difficult to compare studies. In

addition, particular instruments may attenuate the associations between concepts in the

Functioning and Activity Model or may incorrectly measure the effects of interventions.

In addition, self-report measures have sources of bias that are familiar to all researchers

and clinicians, such as the personalities of the respondents, their perceptions of the

questions, and their particular social and medical circumstances (McDowell & Newell,

1996). At the moment, a researcher can only be aware of these problems, select from

existing instruments with care, and recognize the limitations of the measures.

In summary, solutions to problems of measurement of physical performance tests

and self-reports of task limitations are an important goal for physical functioning



75

researchers. In order to consistently measure functioning so that studies can be

compared, researchers may have to agree on the most important definition of functioning

and use instruments that measure that construct unless a particular study has a rationale

for using an instrument with a different underlying construct. In addition, the use of

continuous scores may improve the accuracy of physical functioning studies.

Future Directions for Physical Functioning Research Based on Gaps in the Literature

This review of the literature disclosed several gaps in our knowledge of physical

functioning in elders. For example, in the concept of pathology, no evidence was found

in the physical functioning literature for developmental or congenital conditions as

predictors of level of physical functioning in older adults. It seems likely that these

conditions may contribute to changes in physical functioning as a person gets older, even

if they had not done so earlier in life, but this has not been investigated. There is also a

need for additional research on how specific diseases and medical conditions may affect

performance of certain tasks and not others. Though some preliminary findings suggest

that this is so (Ettinger et al., 1994; Fried et al., 1994; Furner et al., 1995), further

evidence could prove useful clinically for intervening to prevent expected task limitations

before they occur.

An important gap in physical functioning knowledge is that of the effect of

normal aging on ability to perform tasks. A few researchers have suggested that it may

be possible to quantify an annual decline based solely on age (Beckett et al., 1996; Bortz

& Bortz, 1996), but more work is needed to verify these findings. If a “normal” decline

could be definitively established, it would enhance the ability of gerontologists to predict
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physical functioning both in the presence of other factors, such as medical conditions, or

when other factors are not present.

In the study of behavioral risks, further research could clarify the relationship of

body weight to physical functioning. Some researchers have found that obesity is

associated with low physical functioning in elders (Seeman et al., 1994), though others

have found that being both overweight and underweight are associated with lower

physical functioning (Galanos et al., 1994; Perkowski et al., 1998). More work is needed

to determine if this relationship is linear or U-shaped. In addition, more research is

needed to establish the association of all behavioral risks, such as smoking or inactivity,

with physical functioning. Not only must these be measured in all physical functioning

studies, but new statistical methods, such as SEM, may be useful to verify that behavioral

risks should remain in the Functioning and Activity Model as a predictor concept.

As discussed earlier in this paper, a serious gap in the personal characteristics

concept is the uncertainty among researchers about the relationships among race, gender,

and socioeconomic status (SES). Until it can be determined whether these factors can or

can not serve as proxies for each other, they should be measured in all physical

functioning studies. Another interesting idea for future research is that proposed by

Maddox (1994) that SES can be measured distally by education level and proximately by

income level. If verified by other researchers, this could refine the usual practice of

including both income and education as equal measures of SES.

Though muscle strength as a predictor of physical functioning is well documented

in the literature, there are gaps in the evidence for other physiological measures of fitness

as predictors of physical functioning. Though these physiological measures are common

****
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in the literature of particular conditions, such as the cardiovascular literature or that of

chronic pulmonary disease, they are not usually included in physical functioning studies.

If physiological data are available to physical functioning researchers, it may be useful to

include it in statistical analysis. However, this gap in the physical functioning literature

is not of great importance because it is well-established in other fields that measures of

physiological fitness, such as neurological status post-stroke or ejection fraction in

Cardiac disease, are associated with level of physical functioning. However, an important

future direction for knowledge development is to establish the association between

Symptoms and physical functioning; is the association one way (symptoms predict

physical functioning) or do the two concepts affect each other (physical functioning may

also cause symptoms, such as depression)?

Finally, a crucial direction for future research is that of determining if the two

concepts of physical functioning in the Functioning and Activity Model can be distinctly

measured. This may prove to be the most important focus for future physical functioning

research. If preclinical physical functioning, measured by physical performance tests or

the modification question suggested by Fried et al. (1996), is conclusively shown to

Predict later declines in physical functioning, the implications for early detection and

Prevention could be important for clinical nursing practice. Furthermore, the acceptance

of separate concepts for the two levels of physical functioning and a distinct concept for

*Gtivity participation could eliminate the use of aggregated measures of functioning.

Instruments that mix body movement tasks with ADL, IADL, and other activities make it

difficult to compare studies. The issue of the underlying constructs of the questionnaires

"sed to measure physical functioning should also be considered by researchers.
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In summary, though more knowledge is needed on the associations between

specific variables proposed in the Functioning and Activity Model, empirical evidence

from the literature is strong for the pathways in general. Thus, the theoretical basis for

the Functioning and Activity Model is firm enough to proceed with verification of the fit

Of the model to actual data using structural equation modeling (SEM).

f
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CHAPTER 3: METHODOLOGY

The Functioning and Activity Model (Stewart & Painter, 1998) is a modification

of The Disablement Process, a model developed by Verbrugge and Jette (1994). As

demonstrated by the preceding review of the literature, the individual pathways of the

Functioning and Activity Model (FAM) are supported by data from studies that found

associations among two or more concepts in the model. These data from prior studies

provide evidence for separate model pathways and, in addition, form the theoretical basis

for assembling the pathways into the complete Functioning and Activity Model. The data

that support the pathways are, therefore, necessary to confirm the theoretical model, but

the separate studies reviewed in the previous chapter are not sufficient to show that the

full Functioning and Activity Model is correct.

In order verify to that the entire model is useful as a conceptual framework,

Structural equation modeling (SEM) analysis was used to fit the Functioning and Activity

Model to a dataset. SEM is a versatile statistical method that analyzes both direct and

indirect effects of predictor variables and measures those effects on multiple outcome

variables while accounting for measurement error. Using SEM, it was possible to

perform a systematic and simultaneous test of all pathways in the model and to assess the

fit of the full model to empirical data from two groups of older adults who were enrolled

in a study of physical activity, the Community Healthy Activities Model Program for

Seniors (CHAMPS).

This report of the SEM analysis of the Functioning and Activity Model will

describe the advantages of the SEM methodology, define the assumptions and procedural

Steps of SEM analysis, and report some SEM analyses of earlier disability models. Next,

..
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the methodology of the SEM analysis of the Functioning and Activity Model will be

described. In the following chapters, the results of the SEM analysis will be reported and

implications for nursing research and practice will be discussed.

The Advantages of SEM

SEM analysis of theoretical models was pioneered in the 1970s but received more

attention from researchers in the 1980s and 1990s because user-friendly computer

programs, such as LISREL, EQS, and AMOS, were developed to handle the analysis.

SEM is currently used by marketing, education, psychology, management, and social

Science researchers, though the method is new to many nursing researchers (Musil, Jones,

& Warner, 1998) and has only recently been used to test models of disability or physical

functioning (Lawrence & Jette, 1996; Morey et al., 1998).

SEM is based on covariances or correlations between pairs of variables, as is

multiple regression analysis, but SEM can analyze many relationships at the same time

by estimating a series of separate, interdependent regression equations simultaneously.

SEM calculates the fit of a proposed model to a dataset by testing two parts of a

theoretical model, a measurement model and a structural model, which together form the

full model. First, the measurement model is analyzed for the fit of each variable to its

measures, a process called confirmatory factor analysis. Next, the structural model is

tested by establishing the strength of the associations among the model's variables. A

researcher can then analyze the results by choosing among several indices of goodness

of-fit provided by the SEM computer program, in order to determine how well the

proposed model fits the data.
7.
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In addition to the overall fit of the entire model to the dataset, a SEM program

produces a measure of association, a path coefficient, for each pair of variables in the

model. The researcher can change the proposed pathways between variables in an

attempt to get a better overall fit of the full model to the dataset. When a researcher uses

SEM, the decision to change a pathway or to accept a particular model as the best fit to

the data is not based solely on statistical significance. Instead, the flexibility of the SEM

method requires that the decision to change the model be based on the theory behind the

model, the characteristics of the data, the appropriate fit indices, and knowledge of the

options available in the SEM method. Thus, SEM analysis integrates theory and

statistics; the versatility of the method allows the researcher to manipulate the model to

obtain optimal fit and, therefore, SEM requires that a researcher have knowledge of both

the substantive theory behind the model and the statistical properties of SEM.

The Research Question

SEM, like path analysis and multiple regression, is used to answer questions about

the relationships among independent variables and dependent variables and to test a

“causal model”. SEM analysis is also useful to answer questions about differences

among groups. By testing the fit of the same theoretical model to data from different

groups, a researcher can determine whether the variables in the model have the same

associations in different groups. Alternatively, the SEM model can be respecified to fit

the data from a particular group, thereby making it more useful for research in that

particular population.

The versatility of SEM allows a researcher to explore questions about alternative

models, such as how variables would affect each other if their relationships in the model
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were changed. This ability to easily respecify the model pathways to improve the model

fit is one of the advantages of SEM, but it requires the researcher to be well-grounded in

the theory behind the model so that changes are made based on both theory and statistical

improvement of the model and not on the statistics alone.

SEM Compared to Regression Analysis

SEM is based on the same statistical principles as regression analysis. In fact,

multiple regression and other procedures that are based on correlations, such as ANOVA

and factor analysis, can be considered special cases of SEM. Therefore, SEM may be

more clearly understood by examining the ways in which SEM extends regression

analysis, a statistical technique that analyzes the relationships of several predictor

variables to one outcome variable. Like regression analysis, SEM is based on

assumptions of normal distribution and continuous measures of data, though both

methods can accommodate non-normal distributions and categorical data. Both methods

are based on correlation analysis, which is a statement of the standardized covariance

between two variables. SEM, however, has several advantages over regression analysis,

which can be illustrated by comparing diagrams of the two methods.
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Figure 11. Comparison of Multiple Regression and SEM Models

A simple regression model that measures the direct effects of two independent

variables on a single dependent variable is illustrated in the upper part of Figure 11. In

this regression model, disease and behavioral risks are independent variables that predict

Symptoms, the dependent variable. In a multiple regression analysis, only these direct

effects are tested and thus, a researcher would focus on how much of the variability in

symptoms is explained by, or predicted by, disease and behavioral risks.

On the other hand, a SEM analysis can be used to answer additional questions.

For example, SEM can estimate the effects of symptoms as both an outcome variable and



a predictor variable, as shown in the SEM model in the lower part of Figure 11. This

“mediating” effect, which cannot easily be analyzed in regression analysis, is a valuable

tool in testing theoretical models. In the SEM model in Figure 11, disease may directly

predict activity participation (regardless of symptoms), or, alternatively, disease may

predict symptoms, which, in turn, predict activity participation. Thus, SEM can

simultaneously estimate the statistical significance of several relationships among

predictor and outcome variables. In contrast, analysis of these relationships by multiple

regression would require several separate regressions.

Another advantage of SEM is that, unlike multiple regression, it can account for

measurement error if a model variable is measured by several items or scales. Because

the first step of SEM is a factor analysis of the measures of each variable, it is possible to

Calculate the measurement error of each scale. In contrast, a regression model does not

acc-Ount for measurement error. Therefore, a researcher who uses multiple regression

analysis must carefully choose a single measurement scale for each variable because the

Scale is assumed to measure the variable correctly and completely.

Terms Used in SEM

The results of SEM analysis of a model are usually presented in a diagram, the

parts of which are represented by specific shapes, as shown in Figure 12. In a SEM

mociel, the variables, called latent constructs, are measured by questionnaires, scales, or

Sub-scales called indicators, and the measurement error is estimated. In SEM diagrams,

latent constructs are ellipses, indicators are rectangles, arrows show the relationships, and

unexplained variances and measurement errors are also calculated. A SEM analysis

estimates a path coefficient, analogous to a standardized regression coefficient, for each

;
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relationship between latent constructs, and these coefficients can be compared to each *
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Statistical Assumptions and Types of Data Required by SEM ~. º
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SEM analysis requires data that are continuous and normally distributed, though --
- * º

SENM is fairly robust to violations of normality. When skewness or kurtosis indicate non- 1.

normality, data can be transformed for analysis, for example by using logs or square roots

of the data values. There are also alternative forms of estimation in some SEM computer

Programs that allow the inclusion of categorical data and severely non-normal data in an

analysis.
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The data should contain multiple indicators for each latent construct to be

analyzed in a SEM model. Indicators are the scores on the instruments directly measured

by the researcher and are assumed to measure different aspects of a latent construct. The

indicators must not be so redundant, or highly correlated, that they predict each other

perfectly. Rather, they should capture different aspects of the latent construct. Though

not ideal, it is possible to include variables in a SEM analysis that are measured by only

one indicator. In such a case, the measurement error can be calculated by the researcher

based on the internal consistency reliability statistic (Cronbach's alpha) for that indicator

in the study sample. Alternatively, a model variable with a single indicator can be

considered measured without error. A variable with one indicator is represented by a box

in the SEM model, rather than by an ellipse, because it is measured by one instrument

and is not latent.

SEM is a large-sample-size technique, though there are no defined requirements

for sample size. Instead, sample size requirements are based on the complexity of the

model and the nature of the data. Most authors agree that with fewer than 100 subjects,

SEM analysis may be untenable. Some suggest between 100 and 200 subjects as a

minimum sample size for SEM (Kline, 1998), although others have suggested minimums

of 250-500 (Schumacker & Lomax, 1996). All agree that a larger sample is better,

although, as with other statistical techniques, a sample that is very large can falsely

inflate statistical significance.

SEM can be performed with either cross-sectional or longitudinal data. In cross

Sectional analysis, the prediction of variables by other variables may be inferred from

theory or by determining if one variable existed before another. For example, a variable
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such as chronic disease may be a predictor of activity participation even though both

were measured at the same time, because the disease is known to have occurred sooner or

because theory supports the causal sequence. Some authors argue that the prediction

paths in a SEM model should not be considered causal in the real world until the model is

replicated in several datasets, experimental studies corroborate the model, or the effects

of interventions are correctly predicted by the model (Kline, 1998).

SEM Procedure

There are five sequential steps that a researcher follows in conducting a SEM

analysis: (a) model specification, (b) identification, (c) estimation, (d) testing fit, and (e)

respecification. The first step, model specification, starts with a review of the research

literature and the formulation of an initial theoretical model. Many researchers draw the

model graphically using the standard SEM symbols of squares, ellipses, arrows, and so

forth. The model can also be entered in a computer as a series of equations.

Identification, the second step, requires that the model be hypothesized so it is

possible to calculate a unique value for every model parameter, or relationship. For a

model to be identified, the number of observations must exceed the number of model

parameters to be estimated. Total observations has nothing to do with sample size.

Instead, observations are the number of variances and covariances that are possible

among the measured indicators. Total observations can be calculated as v(v + 1)/2,

where v is the number of indicators in the model.

For a model to be identified, the number of parameters to be estimated must be

less than the total number of observations calculated with the above formula. The

parameters are the estimations to be performed in the SEM analysis: the variances and
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covariances of the exogenous latent constructs, the measurement errors, the unexplained

variances of the endogenous latent constructs, and the associations among the

endogenous latent constructs (represented by path coefficients). If the model is not

properly identified, the computer will not be able to reach a solution.

Estimation is the next step. After the model has been specified and identified, the

data are entered into the computer and the relationships in the theoretical model are

estimated according to the actual variances and covariances in the data. The estimation

procedure must be appropriate to the distributional properties of the data and the

measurement scales.

When the SEM program estimates path coefficients, it also analyzes the fit of the

entire model to the data and produces a number of fit indices. The fourth step, testing fit,

is the selection and comparison of these fit indices to determine how well the

hypothesized model fits the data. Often, the initial model does not fit the data very well,

and model respecification is the next step. By changing parameters, the researcher may

be able to arrive at a model that better fits the data. Changes in the model should be

guided by theory and the five procedural steps should be followed again for each new

hypothesized model.

Two-Step Method to Assess Model Fit

Many researchers conduct the five-step SEM analysis for the entire model at the

same time. However, some authors suggest a two-step procedure in which the

measurement model is assessed first and the structural model is assessed second. This

two-step process assures that the indicators are really measuring the latent constructs
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before beginning analysis of the associations among the constructs in the model (Kline,

1998; Schumacker & Lomax, 1996).

The first step of the two-step method is a confirmatory factor analysis (CFA) of

the measurement model, which consists of each latent construct and its indicators. The

results of the CFA will determine whether the indicators really represent each latent

construct; if there is too much measurement error in the indicators, they may represent

Something other than the desired construct. The relationships among the latent constructs

are not specified in the CFA step. Instead, the latent constructs are allowed to covary

freely and the factor loadings of the latent constructs on the indicators are assessed. In

addition, goodness-of-fit indices for the measurement model as a whole are examined. If

the fit of the CFA measurement model is poor, the indicators are not measuring the latent

constructs well and the fit of the structural model, to be tested next, will probably be

worse. Thus, the purpose of the two-step procedure is to uncover and correct problems of

measurement before analyzing the path coefficients among the latent constructs in the

structural model.

An example of the measurement portion of a simple SEM model is shown in the

left half of Figure 13. A latent construct from the Functioning and Activity Model,

physical functioning, is measured by two indicators: score on a physical performance test

and score on a self-report questionnaire. Factor loadings on each indicator are calculated

by CFA. The squared value of the factor loading quantifies the variance in each indicator

that is accounted for by the latent construct. Each indicator also has an error term. The

Squared value of the error is the unexplained variance in the indicator.
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Figure 13. The Measurement and Structural Portions of a SEM Model

If the measurement portion of a SEM model is adequate, the structural portion of

the model, shown in the right half of Figure 13, is analyzed using SEM. In a full SEM

mociel, the latent construct, activity participation, would also have indicators, though

these are not shown, in order to keep the diagram simple. Instead, only the structural

relationship is shown in the right half of Figure 13, represented by the arrow between the

*C elliptical latent constructs. In a SEM analysis, the association between the latent

°nstructs is quantified by a path coefficient that is similar to a standardized regression

*Sefficient in regression analysis. Each latent variable has a disturbance term. If the

Y*lue of the disturbance is squared, that value represents the variance in the latent

Yariable that is not explained by the other variables in the SEM diagram.
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The structural portion of the SEM model is also assessed using indices of

goodness-of-fit provided by a computer program, such as the chi-square, goodness of fit

index (GFI), normed fit index (NFI), root-mean-square error of approximation (RMSEA)

and dozens of others. Most authors recommend using several indices to assess a

particular SEM model, depending on the type of data and size of the model (Kline, 1998;

Schumacker & Lomax, 1996). Though the structural model is probably the area of

primary interest for a researcher, the measurement model is equally important. If the

indicators do not adequately represent the latent constructs, the relationships among the

latent constructs have little meaning.

Prior SEM Analyses of The Disablement Process Model

Since 1996, two SEM analyses have been published of The Disablement Process

(Verbrugge & Jette, 1994), a disability model that has some pathways that are similar to

those in the Functioning and Activity Model. It is rare to find datasets that measure all

the constructs in The Disablement Process with measures that meet the requirements of

SEM. Therefore, the SEM analyses reported here tested the fit of portions of the model

for which data were available, rather than the entire model.

In 1996, Lawrence and Jette used SEM analysis of longitudinal data on two

random subsamples, each with 524 people aged 55 and over, and found that some risk

factors (age, frequency of walking, and musculoskeletal impairments) in 1984 were

significantly associated with difficulty in basic upper and lower body movements in

1988, results that could have been found with regression analysis.

However, the SEM analysis revealed an important indirect effect. Age, walking,

and musculoskeletal problems did not directly affect difficulties in Instrumental
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Activities of Daily Living (IADL) in either 1988 or 1990. Instead, the three risk factors

affected the ability to perform upper and lower body movements, which in turn affected

IADL performance. In other words, SEM analysis revealed the mediating effect of

difficulty with body movements, a relationship that would be difficult to determine by

regression analysis alone. These findings, which were replicated in the second

subsample, support both The Disablement Process model and the Functioning and

Activity Model, which both place difficulty in body movements earlier in the pathway

than activity participation, including IADL. The overall measures of goodness-of-fit for

the model were the goodness-of-fit index (GFI) = .976, the normed fit index (NFI) =

.912, and the adjusted goodness-of-fit index (AGFI) = .946. All were above the

recommended threshold value of .90 for these indices.

A limitation of this study was its measures. The risk factors were measured with

only one indicator each, thus the constructs were not latent as is preferred in SEM

analysis. However, it is acceptable to construct a SEM model with a combination of

latent and observed constructs in order to accommodate an existing dataset. The authors

cited this limitation and called for researchers to improve the measurement of disability

constructs in future studies so that complex analyses, such as SEM, can be performed on

the data. In addition, they suggested other areas for continuing research: the role of race

as a risk factor for disability, testing the model with Activities of Daily Living (ADL)

rather than IADL, and expanding the model to include individual reactions and

adjustments to difficulties.

A 1998 SEM analysis of data on 161 adults (aged 72+) tested the fit of a portion

of The Disablement Process model as, again, some concepts in the model were not
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measured in the data and could not be included in the analysis. The researchers

hypothesized that cardiovascular fitness would predict pathology which, in turn, would

predict functioning. This hypothesized relationship of constructs is similar to that of the

Functioning and Activity Model, which also includes the concept of physiological fitness

as a predictor of level of functioning. The SEM analysis found a good fit of the

researchers’ proposed model to the data (Bentler's comparative fit index = .94 and

Bentler and Bonett's nonnormed index = .92 were both greater than the recommended

threshold of 90) (Morey et al., 1998).

The authors of this study did not test alternate models, and it is possible that the

relationships of fitness, pathology, and functioning may be in a different order than that

of their conceptual model. In addition, the sample size was small for a SEM analysis, it

was a convenience sample, and most concepts were measured with only one indicator.

Furthermore, the measures of functioning were an aggregate of body movement tasks and

more complex activities, such as IADL, so it cannot be determined if the outcome

variable in this study was physical functioning or activity participation. In spite of these

weaknesses, the findings indicate that cardiovascular fitness may be a predictor of

functioning, a relationship that is also hypothesized in the Functioning and Activity

Model.

Methodology for the SEM Analysis of the Functioning and Activity Model

The SEM analysis reported in this dissertation was conducted to test the fit of the

theoretical Functioning and Activity Model to data from a group of relatively healthy

older adults. The Functioning and Activity Model (FAM) was developed by Stewart and

Painter (Stewart & Painter, 1998) as a modification of The Disablement Process model
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(Verbrugge & Jette, 1994). The FAM was designed to be a conceptual framework for

studying physical activities and physical functioning in elders. Since its initial

conceptualization, the model has undergone several revisions in order to incorporate -

additional empirical evidence from the literature and to accommodate clinical judgement i

about the relationships specified among the constructs in the model.

Pathology
-

-*.

Risk *

Behaviors º

**
-

Preclinical Self-reported Activity **
Personal Physical Physical HP Participation

º

Character. Functioning Functioning º .

- * -

º A . .
Fitness - -

|--
Symptoms -

Figure 14. Hypothesized Functioning and Activity Model (Stewart & Painter, 1998) : -

----

- - - - - - - --
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To determine if the Functioning and Activity Model, shown in Figure 14, would gº º /.
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Subjects

The SEM analysis reported here was conducted using cross-sectional baseline

data from the Community Healthy Activities Model Program for Seniors (CHAMPS)

(Stewart et al., 1998). A random sample of members of two Medicare HMOs in northern

California was screened for eligibility in the study. Those who were medically stable and

physically underactive were invited to join the study, which tested the efficacy of

individual counseling and support for increasing level of physical activity. Enrollment

began in January 1996 and ended in June 1996. 173 participants were enrolled in this

randomized trial and another 76 physically active persons were enrolled in an “active

cohort”. Baseline data were collected from 249 participants. The SEM analysis reported

in this paper used baseline data from 225 participants who had no missing data on the

measures used in this analysis.

The participants were aged 65-90 and lived independently in the community.

More than 90% rated their health as very good or excellent, with a mean of 1.5 chronic

health conditions. Approximately 90% reported their race as white. The participants had

high levels of education (66.2% had a college degree or higher) and income (40.4%

reported income of $40,000 or more per year).

The demographic characteristics of the 24 participants who were excluded from

this SEM analysis were similar to those of the 225 who were included (Table 1), with the

exception of income. Though there was a statistically significant difference in the

income categories reported by the two groups (X2 = 8.28, df = 2, p = .016), only eight of

the 24 excluded subjects answered the income question so it is difficult to determine if

there was an actual difference in incomes between the excluded and included

:
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participants. In addition to demographic characteristics, the mean scores on the eight

measurement scales were each analyzed for differences in mean scores between the

included and excluded subjects and no statistically significant differences were found

(not shown).

Table 1

Comparison of Excluded and Included Subjects in SEM Analysis of CHAMPS Data

% or Mean (SD) % or Mean (SD)
Variable N = 24 N = 225 p

Age 73.8 (5.7) 74.1 (5.6) .86 (t test)

Years of education 14.86 (1.67) 15.52 (2.28) .19 (t test)

Number of medical conditions 1.50 (1.29) 1.48 (1.16) .92 (t test)

Body mass index (BMI) 25.31 (3.96) 24.90 (4.40) .67 (X2)

Female 70.8% 63.1% .45 (X2)

Income categories (annual) N = 8 N = 225

1. - 20,000 50% 17%

2. 20 – 40,000 O% 43%

3. - 40,000 50% 40% .02 (X2)

SEM = structural equation modeling, CHAMPS = Community Healthy Activities Model

Program for Seniors, SD = standard deviation.
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Measures

The CHAMPS data contained at least one measure for each of the eight variables

in the theoretical model shown in Figure 14. Some variables in the conceptual model,

such as pathology, fitness, age, and gender had only one measurement and were,

therefore, tested as measured variables in this analysis. Measured variables were

considered without measurement error, in the same way that error is not accounted for in

multiple regression analysis. Likewise, the two physical functioning variables in the

model were designated as measured variables, with a single summed scale score

measuring each.

Each of the latent constructs in the model (SES, symptoms, behavioral risks, and

activity participation) had two or more measures in the CHAMPS data. To test how well

the measures represented the latent constructs, a confirmatory factor analysis was

conducted and measures with low factor loadings were eliminated from the analysis. For

example, activity participation (a latent construct) had three possible indicators in the

CHAMPS data: a social functioning scale, a role limitations due to physical health scale,

and a social frequency scale. However, confirmatory factor analysis revealed that the last

scale had low factor loading (.21) compared to the two other scales, which had loadings

of .71 and '83 respectively. Therefore, one scale was eliminated and the latent construct

was measured by two indicators in the SEM analysis.

Pathology was measured by a sum score of self-reported medical conditions.

Participants were asked to answer yes or no to eight questions about whether they had

arthritis or joint problems, osteoporosis, kidney or liver disease, asthma or chronic

:
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bronchitis or emphysema, hypertension, diabetes, congestive heart failure or heart

trouble, and paralysis, stroke, Parkinson's or other neurological problems.

One measure of risk behavior, obesity, was used in this analysis. Obesity was

measured in the CHAMPS data by body mass index (BMI), calculated by dividing weight

in kilograms by height in meters squared. A dichotomous variable was formed in which

a BMI of 29 or more was classified as obese, a category that is consistent with other

studies of functioning in elders (Galanos et al., 1994; Perkowski et al., 1998). Though

smoking was measured on the CHAMPS questionnaire, the small proportion of smokers

in the sample precluded the use of these data to measure risk behavior.

Personal characteristics were separated into three variables for this analysis; age,

gender, and socioeconomic status. Age and gender were measured by single items on the

CHAMPS questionnaire. Socioeconomic status was measured by income and education.

The income variable in the CHAMPS data contained three categories (see Table 1). The

CHAMPS data included both a continuous variable for years of education that was highly

skewed and a six-category education variable that ranged from less than high school to

graduate degree. In the SEM analysis of the CHAMPS data, the model was run with each

of the education variables and the fit of the model was slightly better with the categorical

education variable in the model. Therefore, the latent variable of socioeconomic status

was measured by two categorical variables, a three-level income variable and a six-level

education variable. These indicators were designated as “cause” indicators in the model,

rather than the usual “effect” indicators measured in confirmatory factor analysis,

following the procedure outlined by MacCallum and Browne (1993), because income and

education predict socioeconomic status rather than the reverse. The use of “cause”

.
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indicators assumes that education and income measure socioeconomic status completely,

an assumption that may not be correct. However, the conceptual importance of

accurately designating the indicators as causes rather than effects outweighed the

disadvantage of not having measurement error terms for the indicators of socioeconomic

status in the model.

Fitness was measured by a 6-minute walk. In this test, a patient walks on a level

surface for 6 minutes and the distance is measured in feet. Longer distances indicate

better pulmonary fitness. The 6-minute walk is a well-established measure of endurance

with good reproducibility in COPD patients (Steele, 1996) and congestive heart failure

patients (Guyatt, 1987). In previous studies, the 6-minute walk showed moderate

correlations with other fitness measures, such as cycle ergometry (Langenfeld et al.,

1990) and oxygen consumption during exercise (Swinburn, Wakefield, & W., 1985), and

it was also correlated with self-reports of functional status (Guyatt et al., 1985)

Symptoms were measured by the scores on three scales: pain, energy/fatigue, and

depressed affect. Pain and fatigue were measured by scales of the 36-item short form of

the Medical Outcomes Study questionnaire (SF-36), a measure that has been shown to be

reliable and valid (McDowell & Newell, 1996; McHorney, Ware, Lu, & Sherbourne,

1994; McHorney, Ware, & Raczek, 1993). The pain scale of the SF-36 consists of two

items and the energy/fatigue scale has four items. The eight-item depressed affect scale

used in the CHAMPS study was a subscale of the Mental Health Inventory (MHI17)

developed for the Medical Outcomes Study (MOS) (Stewart & Ware, 1992). Internal

Consistency of the 8-item scale was between .94 and .96 in various samples of the MOS

and the subscales may be scored and interpreted separately. The CHAMPS researchers
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reported an internal consistency for the three symptom scales of pain, fatigue, and

depressed affect of between .75 and .81 in the 249 participants in the study. Following

the SF-36 scoring methodology, the scores on the pain, fatigue, and depressed affect

scales were transformed to a 0–100 scale. For the SEM analysis, the scores were

reversed so high values indicated high level of symptoms. The depressed affect scale did

not explain a significant amount of variance in symptoms, but was retained in the model

because it was deemed conceptually essential.

Preclinical physical functioning was measured by a the summed score on three

performance tests developed for epidemiological studies: tandem stand, chair rise-and-sit,

and an 8-foot walk (Guralnik et al., 1994a). In previous studies, these tests of lower

extremity function have been associated with self-report of physical functioning,

mortality, nursing home admissions, and future difficulties in function (Guralnik et al.,

1995; Guralnik et al., 1994a; Guralnik et al., 1994b; Hoeymans et al., 1997; Kelly-Hayes

et al., 1992). Scores on the performance tests ranged from 0 – 12 with higher scores

indicating better functioning.

Self-reported physical functioning was measured by self-report of difficulties with

mobility and body movement tasks using the SF-36 physical functioning scale. The 10

item scale was transformed to a 0–100 scale, with higher total scores representing better

physical functioning. Internal consistency for the physical functioning scale was .74 in

the CHAMPS study.

Activity participation was measured by two SF-36 scales: the four-item role

functioning limitations due to physical health scale and the two-item social functioning

limitations due to health scale. The scales were transformed to 0–100, with higher

.
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scores indicating better functioning. Internal consistency reliability in the CHAMPS

sample was .77 for the role functioning scale and .77 for the social functioning scale.

Methods

The SEM analysis of the fit of the CHAMPS data to the conceptual model was

conducted using the AMOS 4 computer program for structural equation modeling

(Arbuckle & Wothke, 1999). Before submitting the CHAMPS data to AMOS, the

distributions of the data for each variable were examined for the normal distribution

requirements that are assumptions of the SEM method. Though some individual

variables were skewed or kurtotic, none were outside the limits deemed substantially

non-normal (skew > 2 or kurtosis >7) (Kline, 1998; West, Finch, & Curran, 1995) and

there were no outliers.

Dichotomous exogenous variables, such as gender or obesity, are acceptable in

SEM, but endogenous variables should be continuous and normally distributed. In these

data, some endogenous variables were measured by sums of ordinal items that each had a

range of five or more categories. These were considered normally distributed according

to accepted guidelines (West et al., 1995). However, the role functioning scale score was

a sum of four dichotomous items, resulting in a sum score with a range of 0–4 that may

not meet the parameters for normal distribution. The role functioning scale was retained

in the measurement model because the latent construct of activity participation loaded on

it and it correlated well with social functioning, the other indicator of the construct.

The analysis reported here used a normal-theory method of estimation, maximum

likelihood (ML), that is acceptable for use with categorical data with underlying normal

distribution and a sufficient number of categories as described above for the CHAMPS

:*

};
}

; º-à
.

º



■

º

■■ =■*■ ***

º



data. However, it is possible that the results could be biased in two ways because the

data were not continuous and normally distributed: (a) the chi-square assessment of fit of

the full model may reject too many true models, and (b) the individual path coefficients

may be significant too often (West et al., 1995). To address the first source of bias, six fit

indexes were selected to evaluate full model fit because each index calculates fit from a

different perspective. Because of the possibility of the second source of bias, both .05

and .01 levels of significance were considered for testing the statistical significance of the

path coefficients in the structural model.

Six fit indices were selected to evaluate the fit of the full Functioning and Activity

Model to the data from the CHAMPS study. Three indices, chi-square, normed chi

square, and goodness-of-fit index (GFI) are measures of absolute fit that indicate how

well the parameters in the model match the covariances in the data. A small chi-square

that is not statistically significant indicates good model fit. The normed chi-square,

which is the chi-square divided by the degrees of freedom, may be more accurate in

assessing the model fit in relation to how many parameters were estimated. A normed

chi-square of 2 or less shows good fit. The GFI is analogous to an Rºstatistic in multiple

regression. It varies between 0 and 1 and explains the proportion of observed

covariances that were explained by the model covariances. Values closer to 1 mean

better fit between the data and the model.

Two fit indices, the Tucker-Lewis index (TLI) and the comparative fit index

(CFI), evaluate incremental fit by comparing the model being tested to a null model.

Good fit is indicated by values over .90, which means that the tested model fits the data

90% better than a model that does not fit at all. The final fit index used in this analysis

:
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was the root mean square error of approximation (RMSEA), a measure that corrects for

the tendency of chi-square to reject any model if the sample is sufficiently large. The

value of RMSEA represents the discrepancy between the data and the model per degree

of freedom and values below .05 show small discrepancy and good fit.

The SEM analysis was conducted in two steps. First, a confirmatory factor

analysis was conducted to evaluate the fit of the measured variables to the latent

constructs. Second, the structural model was evaluated for fit to the data as indicated by

the six fit indices. In addition, the statistical significance of path coefficients was

calculated and alternative structural models were examined.
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CHAPTER 4: RESULTS

The correlation matrix for the CHAMPS data analyzed in this study is presented

in Table 2. The data were converted to a variance-covariance matrix before structural

equation modeling (SEM) analysis was undertaken. SEM analysis of the data on 225

participants in the CHAMPS study resulted in the model displayed in Figure 15.
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Figure 15. Standardized maximum likelihood parameter estimates for structural model.
*p < .05; **p < .001; ns = not significant; a = not tested for significance

The results show that age and the walk test were statistically significant predictors

of preclinical physical functioning. Symptoms, obesity, the walk test, and preclinical

physical functioning were significant predictors of self-reported physical functioning and

activity participation was almost entirely predicted by symptoms and the pathology that

caused symptoms. Gender and socioeconomic status did not have a statistically

.
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5.

CorrelationMatrixforCHAMPSdata(N=225)

123456789101112

4.
Fatigue-.130-.204.42836.83+19.26

5.Pain-.090
-.
121.216.46828.09:22.50

6.
Pathology
-.112-.140.256.339.3841.48+1.16

7.Age-.059-.086.087
.

164.094.19074.07+5.59
8.Walktest.258.259-.281-.438-.397-.394-.3721408.36+380.82

9.
Preclin.PF.231.279-.254-.354-.339-.344-.401.6739.71:#2.12 10.Self-rep.PF.178.288-.288-.599-.611-.451

-.193.686.55679.04+21.72
11.RoleFunc.
.

122.194-.352-.632-.576-.384-.179.464.377.64065.89+38.53
12.SocialFunc..105.181-.361-.527-.478-.353.006.320.294.525.58392.28+14.0Table

2 1.
Education4.09:1.42

2.
Income.3782.24+.72

3.
Depressed-.048-.16522.39:#8.58 Note.Meansandstandarddeviationsareshownondiagonal.PF=physicalfunctioning
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significant association with any of the functioning and activity variables. Among the

functioning and activity variables, preclinical physical functioning predicted self-reported

physical functioning. However, self-reported physical functioning did not predict activity

participation.

The Measurement Model

Table 3 presents the goodness of fit indices for the measurement model, which

analyzed the extent to which the latent constructs in the model loaded on the measured

variables in the CHAMPS data. The latent constructs in this model were symptoms,

Socioeconomic status, and activity participation. The non-significant chi-square statistic

indicates that there was a good fit between the latent constructs and their measures in the

measurement model. Likewise, the Tucker-Lewis (TLI) and Comparative Fit (CFI)

indices show that the measurement model fits the data very well compared to a null

model.

However, the correlation between symptoms and activity participation was

slightly out of range (-1.03 in the standardized solution) in the final measurement model.

This high correlation between two latent constructs could be caused by multicollinearity,

but inspection of the correlation matrices showed that correlations among the indicators

of these two factors ranged between -35 and -.63, not evidence for the latent constructs

being the same. This out-of-range correlation was eliminated when the indicators of

symptoms were changed to “cause” indicators for mathematical reasons (the correlations

between the indicators were low, between .22 and .46) and theoretical reasons (symptoms

are caused by pain, fatigue, and depression, rather than the reverse). Thus, the

measurement model included an out-of-range correlation that was larger than 1, even
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though the fit indices showed a good fit. The subsequent analysis of the structural model,

with the indicators of symptoms changed to cause indicators, reduced the correlation

between symptoms and activity participation to below 1.

The SEM method requires that one indicator of each latent variable be set at unity

with the latent construct in order to establish a scale for the construct. Three indicators in

the measurement model -- income, pain, and social function — were used to set the scale

of the latent constructs and, therefore, these three indicators could not be tested for

significance in either the measurement model or the structural model.

The Structural Model

Analysis of the structural model, shown in Figure 15, produced estimates of the

relationships among all the variables in the model, including both latent constructs and

measured variables. As shown in Table 3, the chi-square statistic for the structural model

was non-significant, an indicator of good fit, and the normed chi-square, which includes

degrees of freedom in the calculation, was less than two and confirmed good fit of the

model to the CHAMPS data. The goodness of fit index (GFI) was 98, indicating that

approximately 98% of the covariance in the data was explained by the covariances in the

model. Likewise, the comparative fit indices, TLI and CFI, showed that the structural

model was 98% or 99% better than the null model. The root mean square of the

approximation (RMSEA) was below .05, showing good fit of the model to the data.
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Table 3

Goodness of Fit Tests for Full Models

Goodness of Fit

Model" *...* p Nº. GE TLI cF. RMSEA
(df) chi-square

Measurement" 12.79 (11) .31 1.16 Ina 1.00 1.00 .03

Structural 35.11 (29) .20 1.21 .98 .98 .99 .03

Alternate A 31.21 (29) 36 1.08 .98 .99 1.00 .02

Alternate B 32.31 (29) .31 1.11 .98 .99 1.00 .02

Alternate C 31.10 (28) .31 1.11 .98 .99 1.00 .02

Note. "Models are described in text. “A non-significant chi-square indicates that the model
fits the data. “Included one out-of-bounds parameter described in text. df = degrees of

freedom; normed chi-square = chi-square / df; GFI = goodness of fit index; TLI =

Tucker-Lewis index; CFI = comparative fit index; RMSEA = root mean square error of

approximation; na = not applicable

The R* values for the three endogenous outcome variables are reported in Figure

15. These values should be regarded as descriptive statistics that represent the variance

explained by the combination of variables that precede each variable, similar to the R*

statistic in multiple regression. However, though the R* values for the individual

outcome variables may provide an intuitive understanding of the effects of the variables

on each other in the CHAMPS data, the R* values are not tested for statistical
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significance in a SEM analysis. Instead, the fit indices shown in Table 3 are considered

better measures of the overall fit of the model in the population.

Parameter estimates for the pathways in the final SEM model were derived from

maximum likelihood (ML) estimates. All path coefficients were in the expected direction

(positive or negative) in the model. The original Functioning and Activity Model, shown

in Figure 14, did not fit the data very well and the model was respecified several times,

resulting in the structural model shown in Figure 15. During respecification, alternative

pathways were tried in order to achieve a model with a better fit to the data. For

example, the mediating effect of symptoms in the relationship between pathology and the

functioning and activity variables was not hypothesized in the original Functioning and

Activity model (Figure 14). However, the pathology — symptom – activity participation

relationship improved the fit of the model and made clinical sense. Rather than directly

affecting functioning or activity participation, pathology caused lower levels of

functioning only when symptoms were present.

Obesity had a significant direct effect on self-reported physical functioning, but

was not associated with the scores on performance tests that measured preclinical

physical functioning. This finding suggests that among the participants in the CHAMPS

study, obesity lowered individual self-report of level of physical functioning, but did not

affect actual performance of the physical standing, walking, and balance tests. However,

this paradoxical finding is based on only 32 people (15% of the sample) in this study who

had a BMI over 29. Therefore, further research in groups with larger numbers of obese

individuals is needed to determine if high BMI is associated with decreased performance

of physical tasks.
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In contrast, cardiac and respiratory fitness, measured by a 6-minute walk, was

very strongly associated with both preclinical and self-reported physical functioning.

Thus, fitness may have a beneficial effect on actual performance of tasks, such as

walking, balance, and rising from a chair, and fitness may also affect a person's

perception of ability to perform tasks.

Several hypothesized pathways in the Functioning and Activity Model were not

statistically significant. However, the finding that there was no association between

variables that were expected to have a relationship is meaningful. Therefore, several

non-significant path coefficients were included in the SEM model in Figure 15 to clarify

which hypothesized associations were not statistically significant. For example, the

pathway between self-reported physical functioning and activity participation was not

statistically significant (p = .096). Likewise, neither socioeconomic status (SES) nor

gender had a statistically significant association with preclinical physical functioning,

though SES approached significance as a predictor (p = .058).

The direct and indirect effects of each predictor variable on each of the three

functioning and activity variables are shown in Table 4. The total effect of each predictor

variable on an outcome variable is the sum of all direct and mediated paths from the

predictor to the outcome. Thus, Table 4 provides the total association between each

predictor and each of the three functioning and activity outcome variables. An

examination of Table 4 reveals that the three outcome variables are associated with

different sets of predictors, providing support for the hypothesis that preclinical physical

functioning, self-reported physical functioning, and activity participation are conceptually

distinct constructs.



a sº * - *

º * * -

- -* *
* - ** ,

* * * * * * * * *

** * * * * * *

** * * * * *-* - -

- ** -- - - - - - - - - -

*** - a ----- a- - -

- - - - - -

e -
* -

** = -

as a * * *.

** .. * *
ºs- " - - -

* * * * * * *

tº ºn- a sº-ºne *



111

Table 4

Decomposition of Direct, Indirect, and Total Effects of Predictor Variables on
Functioning and Activity Outcomes (standardized path coefficients)

Outcome variable

Preclinica Self-reported Activity
- -

Physical Physical
- - - -Predictor variable

- - - -
ParticipationFunctioning Functioning

Pathology
Direct effect

- - -

Indirect effect via symptoms
-

-.06* -.10*
Indirect effect via symptoms & self-reported PF

- -
-.01 nt

Total effect
-

-.06” -. 11 nt

Symptoms
Direct effect

-
-.49* -.76*

Indirect effect via self-reported PF
- -

-.10

Total effect
-

-.49* -.86nt

Obesity
Direct effect

-
-.13++

-

Indirect effect via self-reported PF
- -

-.03

Total effect
-

-.13++ -.03

Age
Direct effect -.18”

- -

Indirect effect via preclinical PF
- -.02

-

Indirect effect via preclinical & self-reported PF
- -

-.00

Total effect -.18+* -.02 -.00

Gender

Direct effect -.01
- -

Indirect effect via preclinical PF
-

-.00
-

Indirect effect via preclinical & self-reported PF
- -

-.00

Total effect -.01 -.00 -.00

Walk test
Direct effect .57** .35**

-

Indirect effect via preclinical PF
-

.06
-

Indirect effect via perceived PF
- -

.08
Indirect effect via preclinical & self-reported PF

- -
.01 nt

Total effect .57** .41** .09nt

Socioeconomic status
Direct effect .12

- -

Indirect effect via preclinical PF
-

.01
-

Indirect effect via preclinical & self-reported PF
- -

.00

Total effect .12 .01 .00
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* :

Preclinical PF (performance tests) –
Direct effect

-
.10*

-
*- º

Indirect effect via self-reported PF
- -

.02 . .
--

Total effect -
.10* .02nt 3 *

g--"
Self-reported PF ! .

Direct effect
- -

.21
-tº Y.

Total effect
- -

.21

note. PF = physical functioning; * p < .05; ** p < .001; nt = not tested for significance

To confirm that the SEM model was a good fit to the CHAMPS data, a

resampling procedure, called bootstrapping, was performed. Bootstrapping is a technique

in which the study sample is treated as if it were a population from which many samples

can be drawn to empirically test the model parameters. Though not a substitute for

testing the model in an independent sample, the Bollen-Stine bootstrap was used in this

analysis to confirm the fit of the model and minimize the effects of the somewhat non

normal data in the CHAMPS study. The Bollen-Stine bootstrap procedure randomly
º

sampled the 225 CHAMPS subjects with replacement and analyzed 1000 samples to Tº

obtain a mean discrepancy between the CHAMPS data and the model. The bootstrapped N.Y. /

mean discrepancy was 34.858 (Bollen-Stine bootstrapped p = .45) so the null hypothesis º
that the model was correct was not rejected. º

To insure that eliminating participants with missing data did not affect the results

of the analysis, the final structural model was also fit to the full CHAMPS sample of 249,

using imputation, or estimation, of missing data. The fit of the SEM model to data from

the 249 participants with imputed data was similar to the fit of the model to the data from

the 225 participants with no missing data. The chi-square statistic for the difference
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between the two models was not significant, indicating that the model fits were not

different (chi-square difference = .767, df = 29, p > 99).

Alternative Models

In order to avoid acceptance of a single model when other models might be

plausible, alternative models were considered as the final step in this SEM analysis.

Alternative models have similar fit indices to those of the SEM model, but different

pathways. Therefore, statistics alone would indicate that an alternative model is just as

likely to be the true model as is the SEM model. Following the method described by

MacCallum, Wegener, Uchino, and Fabrigar (1993), three alternative models were

identified that had a good statistical fit to the CHAMPS data. The alternative models

each had different associations among the functioning and activity variables, yet all had a

similar full model fit to that of the SEM structural model in Figure 15. The fit indices for

these three alternative models are shown in Table 3.

The SEM model and the three alternative models are shown in Figure 16. The

predictor variables, and their pathways, were the same for each of these models and they

are not shown in Figure 16. Instead, only the different associations among the three

functioning and activity variables are shown. Because the chi-square statistics for the

SEM model and the three alternative models were similar, it is possible that one of the

alternative models is the true model. However, the SEM model in Figure 15 was

supported by the review of the literature and thus has a stronger theoretical rationale than

do the alternative models.
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Preclinical .10* Self-reported | .21 ns
Physical HP Physical

Functioning Functioning

SEM Structural Model
Chi-square = 35.11

Preclinical .18° Self-reported
Physical <!- Physical

Functioning Functioning

Alternate Model A
Chi-square = 31.21

Self-reported .18° Preclinical
Physical |—|P Physical

Functioning Functioning

Alternate Model B
Chi-square = 32.31

Self-reported . 17 ns Activity

Physical P ParticipationFunctioning

.18°

Preclinical
Physical Alternate Model C

Functioning Chi-square = 31.10

Figure 16. Alternate models with standardized path coefficients, predictor
variables not shown. *p < .05. ns = not significant.
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CHAPTER 5: DISCUSSION º º
The purpose of this research was to test a conceptual model of functioning and >. º

activity participation that challenges the traditional linear conceptualization of aging as a >
g------

downward pathway from disease to disability. Structural equation modeling (SEM) was
-

used to assess the theoretical Functioning and Activity Model using cross-sectional data *

from 225 participants in the CHAMPS study. Maximum likelihood estimation was used

to analyze the relationships among seven predictor variables and three outcome variables

of functioning and activity participation.

Confirmatory factor analysis of the measurement model resulted in the

elimination of some measured variables from the CHAMPS data that did not have high

factor loadings by the latent constructs in the model. The final measurement model had /
3 *.

three latent constructs and an acceptable fit (chi-square = 12.79, df = 11, p = 31). !|--
The structural model tested the associations among the three latent constructs of * .

the measurement model and seven variables that were each measured by only one scale.

Estimation of the structural model, shown in Figure 15, showed a good fit of the model
* :

with the CHAMPS data (chi-square = 35.11, df = 29, p = 20). The SEM method of º º
analyzing the CHAMPS data provided several advantages over other statistical methods. º
For example, several outcome variables were considered simultaneously and indirect ■ --
effects among variables were calculated and tested for significance. Thus, the fit of the º º

model as a whole was analyzed and, at the same time, the individual associations among

variables were tested for statistical significance.

The final SEM model that fit the data differed from the theoretical Functioning

and Activity Model, shown in Figure 14, in several important ways. In the theoretical
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model, the three function and activity outcomes were hypothesized as sequential and the

predictor variables were expected to affect the earliest stage, preclinical physical

functioning, which, in turn, was expected to predict the other functioning and activity

Outcomes. However, the results of the SEM analysis showed that some predictor

variables affected particular outcome variables but were not associated with other

Outcomes. Some variables, such as symptoms and the 6-minute walk test, were strong

predictors of the functioning and activity outcomes, but others, such as gender and

socioeconomic status, were not significant predictors. There were several indirect

relationships among the variables that were statistically significant.

Overall, the SEM analysis of the Functioning and Activity Model provided

Support for the conceptualization of functioning and activity as a dynamic process. An

individual's ability to perform may improve or decline based on individual

characteristics, such as symptoms or fitness, rather than on the mere presence of disease.

Predictor Variables in the Model

In addition to the overall fit of the full SEM model, the relationships between

pairs of individual variables in the model were tested for statistical significance. The

results are displayed in Figure 15.

Pathology, measured as the sum of medical conditions reported by an participant,

did not directly predict level of functioning or activity participation. Instead, pathology

was mediated by symptom status and had only weak, though significant, indirect effects

on perceived physical functioning and activity participation (see Table 4). In contrast,

symptoms (pain, fatigue, and depressed affect) were strong predictors of self-reported

physical functioning and self-reported activity participation. These findings confirm
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those of other researchers (Penninx et al., 1998; Rejeski et al., 1996) who found that

symptoms affected functioning regardless of the underlying medical condition. However,

the findings are different from those of many studies that showed a significant

relationship between medical conditions and functioning (Ferrucci, Guralnik, Pahor,

Corti, & Havlik, 1997b; Fried, Bandeen-Roche, Kasper, & Guralnik, 1999; Furner et al.,

1995; Perkowski et al., 1998; Rozzini et al., 1997). It is possible that previous studies

failed to measure symptom status and may have missed this mediating variable between

disease and functioning.

On the other hand, the participants in the CHAMPS study were relatively healthy,

with a mean of only 1.5 medical conditions, which may account for the weak relationship

between disease and functioning in this SEM analysis. This analysis did not consider the

effects of individual diseases on the physical functioning and activity outcomes, as this

would have greatly increased the complexity of the model. However, other authors have

found a differential effect of particular diseases on level of functioning (Fried et al., 1999;

Johnson & Wolinsky, 1993) so it is possible that using a summed score of comorbidities

in this SEM analysis caused the weak association between pathology and the functioning

and activity outcomes.

The theoretical Functioning and Activity Model (FAM) was supported by the

finding that the 6-minute walk test had a positive significant association with physical

functioning. Physiological fitness was not included in earlier conceptual models of

disability and its inclusion in the FAM represents an innovation because physical

functioning is conceptualized as a dynamic process that is affected by changes in an

individual, such as increased fitness. The finding that pulmonary fitness, measured by a
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6-minute walk, affects self-reported physical functioning is supported in the literature

(Rosen, Contrada, Gorkin, & Kostis, 1997). However, the association between the 6

minute walk and lower body performance tests (preclinical physical functioning) has not

been previously reported. However, physical functioning has been predicted by other

measures of fitness, such as peak expiratory flow rate (Seeman et al., 1994), maximal

oxygen uptake (Morey et al., 1998), and muscle strength (Ferrucci et al., 1997a; Rantanen

& Avela, 1997). The association between fitness and physical functioning in the

CHAMPS data, and those of other studies, reinforces the importance of the fitness

concept in the FAM model. Fitness, which can often be improved by training or exercise,

may be a key factor in maintaining physical functioning as individuals age.

As expected, there was a significant negative relationship between age and

physical performance tests in the SEM model. However, age did not significantly predict

levels of self-reported physical functioning or activity participation. Obesity was

negatively associated with self-report of physical functioning, but did not predict lower

scores on performance tests. This contrasts with the findings of some researchers that

obesity is associated with lower performance test scores in high-functioning elders

(Seeman et al., 1994). Other researchers have reported similar findings, that obesity is

associated with lower levels of self-reported physical functioning (Galanos et al., 1994).

However, when BMI was analyzed as a continuous variable, it was not significantly

associated with self-reported physical functioning, so perhaps this relationship is tenuous

and requires further investigation.

It is surprising that this analysis showed no significant effect for gender on

functioning, because an association between female gender and lower physical
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6-minute walk, affects self-reported physical functioning is supported in the literature
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minute walk and lower body performance tests (preclinical physical functioning) has not

been previously reported. However, physical functioning has been predicted by other
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& Avela, 1997). The association between fitness and physical functioning in the

CHAMPS data, and those of other studies, reinforces the importance of the fitness

concept in the FAM model. Fitness, which can often be improved by training or exercise,

may be a key factor in maintaining physical functioning as individuals age.

As expected, there was a significant negative relationship between age and

physical performance tests in the SEM model. However, age did not significantly predict

levels of self-reported physical functioning or activity participation. Obesity was

negatively associated with self-report of physical functioning, but did not predict lower

scores on performance tests. This contrasts with the findings of some researchers that

obesity is associated with lower performance test scores in high-functioning elders

(Seeman et al., 1994). Other researchers have reported similar findings, that obesity is

associated with lower levels of self-reported physical functioning (Galanos et al., 1994).

However, when BMI was analyzed as a continuous variable, it was not significantly

associated with self-reported physical functioning, so perhaps this relationship is tenuous

and requires further investigation.

It is surprising that this analysis showed no significant effect for gender on

functioning, because an association between female gender and lower physical
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functioning has been reported in many studies (Johnson & Wolinsky, 1994; Lawrence &

Jette, 1996; Perkowski et al., 1998; Smith & Baltes, 1998). Examination of the

descriptive statistics of the CHAMPS data showed that female gender had a significant

point biserial correlation with the physical functioning outcomes, yet gender was not

associated with physical functioning in the context of the full SEM model. It is possible

that the significant negative point biserial correlations between gender and income,

education, and the walk test caused spurious effects in the model. In other words, the

associations between gender and these other exogenous variables decreased the

significance of the path coefficient between gender and physical functioning. This type

of effect between gender and income and education has been reported by others, who

have suggested that including both gender and socioeconomic status in a model will

result in low significance for both (Maddox et al., 1994). An alternative model was

analyzed that was exactly like the SEM model in Figure 15, but without SES. The

overall model fit was worse and gender was not a significant predictor of physical

functioning, even in the absence of SES.

SES was not a significant predictor of preclinical physical functioning

(standardized direct effect = .01, p < ..10). It is possible that the single categorical items

that measured income and education in the CHAMPS study attentuated the effect of SES

on physical functioning. In addition, the participants in the CHAMPS study had high

levels of education (66.2% had a college degree or higher) and income (40.4% had an

income greater than $40,000 per year) and, therefore, the findings that SES did not

predict physical functioning may not apply to other groups of individuals.
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Physical Functioning and Activity Variables in the Model

Examination of Figure 15 reveals that different clusters of predictor variables had

statistically significant associations with each of the three functioning and activity

variables. This is even more clear when total effects of predictors on outcomes are

considered. The total effect of a predictor on an outcome is the sum of the direct effect

plus all the indirect effects through other variables in the model. Table 4 shows the

direct, indirect, and total effects on the three outcome variables of all the preceding

variables in the model. It is clear that some predictors in the model are associated with

particular functioning and activity outcomes but have no association with others.

For example, symptoms had significant associations with both self-reported physical

functioning and activity participation. Pathology affected these outcomes only by an

indirect effect through symptoms. In contrast, the 6-minute walk test predicted scores on

the two physical functioning outcomes, but predicted activity participation only indirectly

through the physical functioning outcomes. Obesity predicted only self-reported physical

functioning and neither of the other outcome variables. Age predicted only the

performance test of physical functioning and neither of the self-report concepts. These

findings are consistent with earlier studies that found physical functioning and activity

participation were separate concepts because each concept had different predictors (Fried

et al., 1994; Kelly-Hayes et al., 1992; Rozzini et al., 1997).

The functioning and activity outcome variables not only had different predictors,

they also showed distinct relationships with each other, strengthening the theory that they

are separate concepts. As expected, preclinical physical functioning (measured by

performance tests) was significantly associated with perceived physical functioning
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(measured by self-report of limitations in ability to perform tasks). In the FAM model,

difficulties with performance are expected to precede self-reports of difficulty in physical

functioning tasks, but this time sequence could not be tested in the cross-sectional

analysis of the CHAMPS data. Therefore, the possibility exists that the association

shown in the SEM model between these two concepts could be in the other direction.

This possibility was tested in alternative model A, a section of which is shown in Figure

16. Comparison of the SEM model and alternative model A shows that the relationship

between preclinical and self-reported physical functioning could be reversed without

affecting the fit of the full model. Therefore, the decision to accept a final model in

which preclinical physical functioning precedes self-reported physical functioning was

based on theory rather than on statistics. Other studies provide theoretical support for

this sequence (Fried et al., 1996; Guralnik et al., 1995; Guralnik et al., 1994b; Johnson &

Wolinsky, 1993; Lawrence & Jette, 1996).

Though the two physical functioning outcomes had a statistically significant

relationship in the SEM model, the association between self-reported physical

functioning and activity participation only approached significance (p<.10). Alternative

models were analyzed to determine if a significant direct relationship existed between

preclinical physical functioning and activity participation. Alternative models A, B, and

C, shown in Figure 16, showed no significant association between either of the physical

functioning outcomes and activity participation. This finding was surprising because

many researchers have previously found that level of physical functioning is significantly

associated with level of participation in ADL, IADL, and other activities (Guralnik et al.,

1994a; Lawrence & Jette, 1996; Stump, Clark, Johnson, & Wolinsky, 1997).
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There are several possible explanations for the difference between these results

and those of previous studies. First, some earlier studies found a longitudinal relationship

in which physical functioning predicted level of participation in activities several years

later. The relationship of time could not be tested in the CHAMPS cross-sectional data.

Another explanation could be the strong influence of symptoms in this SEM model.

Symptoms were not measured as predictors in previous studies that found a significant

association between physical functioning and participation in activities, such as ADL and

IADL. To test this idea, a model was analyzed that was identical to the SEM model

shown in Figure 15, but without the path from symptoms to complex activity

participation. With this path out of the SEM model, the path coefficient between

perceived physical functioning and participation in activities became highly significant (p

< .001). However, the fit of the full model became much worse. Though symptoms may

have lowered the direct effect of physical functioning on activity participation, the

inclusion of symptoms improved the fit of the SEM model. It should be noted that the

participants in the CHAMPS study were healthy and reported relatively high levels of

physical functioning and activity participation. It is possible that the finding of a non

significant relationship between self-reported physical functioning and activity

participation was due to the homogeneity of the sample.

Limitations of the Analysis

The SEM methodology used in this analysis has many benefits over other

statistical methods, including simultaneous analysis of several outcome variables and

calculation of indirect effects. This analysis did not take full advantage of SEM's ability

to account for measurement error because the CHAMPS dataset did not include multiple
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measurements for each variable in the FAM model. However, the final model fit the data

very well and the relationships among the variables in the model were generally

consistent with those in the theoretical FAM model and the evidence in the literature.

The SEM model that resulted from this analysis should not be considered

“proven”. Though the fit between the CHAMPS data and the model was good, the final

model must be confirmed by testing its fit to the data from another sample. Even when

the model is confirmed in another sample, the paths within the model cannot be

considered causal until the directionality is established in experimental studies or

longitudinal data. The data used in this analysis were cross-sectional and a time sequence

in the relationships between some variables could not be established. Causality cannot be

assumed from the directions of the paths in the model because some paths in a SEM

model can be reversed without affecting model fit, as was shown in the alternative

models in Figure 16. However, theory and previous literature support the directionality

of the paths in the final model presented in this analysis. Fitting the model to data from

other samples is the next step to confirming the relationships in the model, followed by

longitudinal studies or intervention studies that can establish the causality of the

associations.

The maximum likelihood estimation procedure used in this analysis requires that

the data be normally distributed. Many of the CHAMPS variables were measured on

ordinal scales that were assumed to have an underlying normal distribution if the variable

had a summed range of more than five levels, a practice that is widely accepted (West et

al., 1995). It is possible that these results were biased because the data did not strictly

meet the distribution assumptions for maximum likelihood estimation. However, the
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expected bias for the full model fit would be toward increasing the chi-square and

producing poorer fit index values and this model performed well in spite of potential bias.

The Bollen-Stine bootstrap conducted in this investigation was a re-sampling procedure

intended to compensate for non-normal distribution of data. The Bollen-Stine

bootstrapped fit of the model to the data was good (p = .449) so the null hypothesis that

the SEM model was correct was not rejected, in spite of possible non-normal distribution

of the data.

Non-normality can also bias the path coefficients toward significance. There

were two paths in the model that were close enough to the critical value of 1.96 that

determines statistical significance at a level of .05, that a potential bias may have caused

them to be significant. The critical ratio (path coefficient divided by its standard error) of

the path from pathology to symptoms was 1.993, and the critical ratio of the path from

preclinical physical functioning to self-reported physical functioning was 1.972.

The generalizability of the SEM model that fit the data in this study may be

limited by the homogeneity of the CHAMPS sample. The participants in this study were

a convenience sample of highly educated, white, older adults with good incomes. They

were healthy, with a mean of only 1.5 medical conditions, and they had high scores on

the functioning and activity measures. For example, 50% of the participants scored

above 10 on the 12-point scale of the physical functioning performance tests and above

85 on the 100-point scale of self-report of physical functioning. It is possible that these

results would be even stronger if this analysis were replicated in a sample that included

more individuals with medical conditions, symptoms, difficulties in physical functioning,

ADL, IADL, and other activities.
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Present and Future Implications for Nursing

The model of physical functioning and activity participation that was developed

in this SEM analysis may provide a useful conceptual framework for gerontological

nursing research. If the model is verified in data from other samples, its applicability as a

theoretical framework for research studies could be twofold.
-

First, the paths in the model that represent associations among the variables may

provide a framework for experimental studies. Using the model, nurse researchers can

direct interventions to the associations that are most likely to produce a measurable

effect. For example, according to the FAM model, interventions focused on relief of

symptoms could increase activity participation, measured by self-report of ADL or

IADL.

Second, the relationships in the model can clarify the selection of a clinical

study’s outcome measure, so that the measure is likely to show a change as the result of a

particular intervention. For example, if a nursing intervention were aimed at symptom

relief, the best outcome measure would be self-report of physical functioning or activity

participation. It would be more difficult to measure the effect of a symptom intervention

by using a performance test, such as a timed walk, because the direct relationship

between the two variables is weak in the conceptual model. Likewise, the model

suggests that interventions to improve physiological fitness, such as cardiac rehabilitation

programs, should be evaluated by performance tests or self-reported physical functioning,

rather than by asking about ADL or IADL, though these are common outcome measures

in many rehabilitation studies.
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There is also good news for clinical nursing practice in the findings of this study.

The SEM model that resulted from this analysis clearly shows that the predictors with the

strongest associations with improvement or decline in functioning are those that are

amenable to nursing interventions. In this study, the significant predictors of functional

difficulty were pain, fatigue, obesity, and physiological fitness. Less important were

those factors that nurses cannot improve: pathology, gender, and socioeconomic status.

The functioning and activity model can also serve as a conceptual framework for

the clinical practice of gerontological nurses who want to prevent disability in elders by

screening for early signs of difficulty. The model includes a concept for preclinical,

unrecognized difficulty in physical functioning. This concept is measured by a simple

battery of performance tests that can be administered in about 15 minutes without special

equipment. The Functioning and Activity Model places the performance tests in a

conceptual framework that distinguishes the preclinical performance tests from the

concepts that are measured by self-report. Thus, by using appropriate measurements, a

nurse can assess the level of functioning of an individual and can track improvement or

decline over time.

The model may also aid clinical nursing practice by helping a nurse identify an

elder who is at high risk for functional decline. Unfortunately, the identification of risk

factors was limited by the variables that were available for analysis in the CHAMPS data.

For example, smoking could not be used in this analysis because most of the participants

were non-smokers. Future analyses of the fit of the Functioning and Activity Model to

variables in new datasets may lead to a fuller picture of the relationships between various

risk factors and disability in elders.
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The Functioning and Activity Model that resulted from this SEM analysis is

supported by prior empirical studies, but the model also revealed some heretofore

unreported relationships, such as the strong association between symptoms and activity

participation and the association between fitness and performance tests. Further

refinement of the FAM can be expected from future studies that include elders who are

less healthy or of lower socioeconomic status than the participants in the CHAMPS study

used in this analysis. Meanwhile, the Functioning and Activity Model shown in Figure

15 can be used as a preliminary framework for nurses in clinical practice and for nurse

scientists conducting research on functioning in elders. The model provides guidance in

selecting interventions that may affect functioning in elders, in choosing the measures for

the functioning and activity outcomes, and in methods to prevent disability by screening

for risks and preclinical changes in physical functioning.
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