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Abstract The Disablement Process model proposes a

pathway for how chronic diseases in late life can lead to

disability, with the variables in the main pathway desig-

nated as pathology, impairment, functional limitations, and

disability. The model also suggests that psychosocial and

contextual variables in the periphery of the model affect

disability outcomes. The current study included 149

Swedish adults aged 86, 90, or 94 living in the community

or in institutions who answered questions and performed

tasks of physical and cognitive ability. A series of regres-

sions were used to test the mediating role of variables

within the main pathway of the model, as well as the ability

of psychosocial variables to mediate main pathway rela-

tionships. Results indicated that physical limitations

accounted for between 31 and 52% of the direct effects

between impairments and disability, but delayed recall did

not mediate these relationships. For the tests of psychoso-

cial variables, mastery was a consistent mediator between

impairments and functional limitations, and also mediated

several relationships between functional limitations and

disability variables. Depression and loneliness also

mediated some of the relationships within the main path-

way, but explained a smaller percentage of the total effects

than mastery. The study concludes that the Disablement

Process model is an effective biopsychosocial approach in

describing and predicting disability in the oldest-old. In

addition, the course of disability seems to be buffered by

certain psychosocial variables, particularly feelings of

mastery.
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Introduction

The Disablement Process model (Verbrugge and Jette

1994; Fig. 1) describes how chronic diseases develop into

disability, and suggests that contextual and psychological

variables affect the course of disablement. Thus, the model

helps explain why there is variability in disability out-

comes. Because of its biopsychosocial framework, the

Disablement Process model is one that is especially useful

in gerontology—a field which often requires a multidisci-

plinary approach.

A ‘‘full’’ Disablement Process model, incorporating all

possible variables discussed by Verbrugge and Jette (1994)

has not yet been tested. There have, however, been partial

tests published in three noteworthy studies (Femia et al.

2001; Lawrence and Jette 1996; Peek et al. 2003). Using

longitudinal analyses, Lawrence and Jette’s (1996) study

supported the causal directionality of the relationships

between impairments, functional limitations, and disability.

Femia et al. (2001) and Peek et al. (2003) found evidence

for mediation between variables within the main pathway,

as well as evidence that the main pathway variables have
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Jönköping, Sweden

E. B. Fauth (&)

2905 Old Main Hill, Logan, UT 84322-2905, USA

e-mail: beth.fauth@usu.edu

123

Eur J Ageing (2008) 5:161–179

DOI 10.1007/s10433-008-0092-6



indirect effects on disability through various psychosocial

factors (depression, subjective health, and social integra-

tion in Femia’s study, and perceived support in Peek’s

study). In fact, Femia concluded that the results ‘‘suggest

disability to be as much a function of an individual’s

psychosocial characteristics as the degree of functional

limitations and functional impairments’’ (2001, p. 20).

Thus, there is support for the organization of the main

pathway, and support that functional limitations act as

mediators between impairment and disability. In addition,

Femia’s study, in particular, illustrates the importance of

intra-individual factors as potential buffers to disablement.

Many additional researchers have tested the relation-

ships between specific ‘‘main pathway’’ variables (e.g.

disability) and the associations with selected risk, intra-

individual, and extra-individual factors. For example,

gender (Bauco 1996; Rogers et al. 1992), marital status and

ethnicity (Camacho et al. 1993), cognitive abilities (Smits

et al. 1997), mastery and neuroticism (Kempen et al. 1999)

self-efficacy (Kempen et al. 1999), hardiness (Kobasa et al.

1994), the built environment (Clarke and George 2005) and

various aspects of social networks and social support

(Camacho et al. 1993; House et al. 1988; Mendes de Leon

et al. 1999; Wilcox et al. 1994) have all been found to be

related to functional ability and disability in late life (for a

more extensive review, see Stuck et al. 1999). Although not

all of these studies cite the Disablement Process model, per

se, they add additional empirical support for associations

between the main pathway and peripheral factors.

Because disablement is a process that occurs over time,

there is an inherent directionality to the organization of the

model (with the model in Fig. 1 reading from left to right).

When the relationships in the model are tested longitudi-

nally, it is possible to capture this time process by allowing

variables such as pathology and impairment to be measured

at an earlier point in time than outcome variables, such as

disability. It is also possible, however, to test the rela-

tionships in the model cross-sectionally, as long as the

assumptions about directionality are made (that is, we

should work from left to right in the model). Both cross-

sectional and longitudinal analyses of the Disablement

Process model are important in helping us better under-

stand how the factors in the main pathway are related to

each other, as well as how the variables in the periphery of

the model (such as psychosocial variables) may act as risk

or protective factors in the Disablement Process. In addi-

tion, although we can use multiple analytic strategies to

observe the relationships between these variables in the

model (e.g., bivariate tests, multivariate tests, tests of direct

effects, tests of moderation) mediation tests, either cross

sectional or longitudinal, offer a logical strategy for better

understanding the relationships in the Disablement Process

model. Mediation allows us to ask whether variable A

affects variable C, largely through their relationships to

variable B. That is, by testing mediation of the main

pathway variables we can see if the effects of impairments

on disability seem to work through functional limitations.

We can also ask if people’s level of functional limitations

are directly associated with their level of disability, and/or

if this relationship is explained all, or in part, by the

presence of psychosocial risk and protective factors.

The current study uses a cross-sectional design to par-

tially replicate past findings on the mediating relationships

between main pathway variables in the Disablement Pro-

cess model, as well as observe how intra-individual factors

mediate main pathway components. Although this is a

partial replication of previous research, it uses a sample of

Swedish adults who are older than individuals sampled in

prior studies. All three previous partial tests of the Dis-

ablement Process model have included people over 85,

however, in each study, the majority of the sample con-

tained younger-old adults. Lawrence and Jette’s (1996)

sample had an average age of 74.18 (sd = 3.73), and was a

US sample of non-institutionalized older adults. Only those

participants who reported having no functional limitations

and no disability at baseline were retained for analyses. In

comparison to the current study, their sample is much

younger, excludes institutionalized adults, and therefore is

potentially less disabled. Peek et al. (2003) study of

Mexican American adults had an average aged sample of

72.3 (sd = 6.0), and mostly tested younger-old adults.

Femia et al. (2001) studied a Swedish sample with a mean

age of 83.4, however, only 27.4% of the sample was over

the age of 85. The current study’s sample has an average

age of 89.5 (sd = 3.26) and 100% of the sample is over the

Main Pathway  

PATHOLOGY 

Diagnosis of  
disease, injury,  
congenital/ 
developmental  
condition 

IMPAIRMENT 

Dysfunctions and  
structural  
abnormalities in  
specific body  
systems:   
musculoskeletal, 
cardiovascular,  
neurological, etc. 

FUNCTIONAL 
LIMITATIONS  

Restrictions in  
basic physical and  
mental actions:   
ambulate, reach,  
stoop, climb stairs,  
speak, see  
standard print, etc.  

DISABILITY  

Difficulty doing  
activities of  
daily life:  job,  
household 
management,  
personal care,  
hobbies, active  
recreation, 
socializing, run  
errands, etc.  

EXTRA-INDIVIDUAL FACTORS 
Medical care and rehabilitation, medicine, 
external support and assistance, physical 
and social environments, etc. 

RISK FACTORS  
Predisposing 
characteristics: 
demographic, social,  
lifestyle, behavioral,  
psychological, 
environmental,  
biological 

INTRA-INDIVIDUAL FACTORS  
Overt changes in lifestyle, acti vity level, and behavior as a  
reaction to disease diagnoses,  psychosocial attributes and  
coping mechanisms including positive affect, emotional  

vigor, prayer, locus of control,  cognitive adaptation to one’s  
situation, having a confidant,  peer support groups, etc.

Fig. 1 Schematic representation of the Disablement Process model

(adapted from Verbrugge and Jette 1994)
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age of 85. Therefore, from the current data we can test the

Disablement Process model specifically in the oldest-old

population.

Statement of the problem

The oldest-old (aged 85?), are the group at the highest risk

for developing chronic illness and disability. Estimates

among those aged 64–74 indicate that 10% of the popu-

lation experience disability, however, over age 85, the

percentage of disability prevalence rises to over 50%

(Beckett et al. 1996; Kunkel and Appelbaum 1992). The

Disablement Process model is a promising approach for

understanding the ways in which older adults may become

physically impaired and dependent as a result of their

chronic conditions. Only a few studies, however, have

tested the Disablement Process model exclusively in sam-

ples of people at the most risk for disablement, namely, the

oldest-old. The current analyses test the mediating rela-

tionships within the Disablement Process (with external

factors excluded) to observe whether the relationships

presented in the model are supported in this at-risk sample,

at one point in time.

Methods

Participants

Participants came from NONA, a longitudinal study of the

oldest-old living in the municipality of Jönköping, Sweden.

The study utilized a cohort sequential design of individuals

aged 86, 90, and 94. This design was chosen to target the

oldest-old, while specifically oversampling for nonage-

narians. The Swedish population registry was used to

identify 100 individuals in each of the three age groups,

with a target sample of n = 300. When difficulties arose in

finding 94 year olds, several individuals aged 93 and 95

were contacted as well. Of those 300 people contacted, 62

(20.7%) refused participation, 54 (18.0%) were unable to

be interviewed due to cognitive or physical impairment(s),

18 (6.0%) died before the initial interview, 8 (2.7%) started

but were unable to complete the interview due to frailty,

and 11 (3.7%) were unable to participate for other reasons.

Therefore the final sample size for the current analysis was

n = 149; 40% aged 86 (n = 60), 32% aged 90 (n = 47),

6% aged 93 (n = 9), 19% aged 94 (n = 28), and 3% aged

95 (n = 5). The majority of participants were women

(69.8%), and participants had a mean age of 89.5. They

reported having an average of 6.79 years of formal

schooling which is typical of Swedes in this age cohort.

Only 22.1% were currently married, and almost half

(47.0%) lived alone. Approximately one-third (32.3%) of

participants lived in institutional housing, including nurs-

ing homes and service apartments, which are institutional

residences similar to assisted living facilities found in

countries like the United States.

Procedures

Nurses were trained by the research team in Jönköping to

conduct the interviews of NONA participants based on a

standard protocol used in prior studies. Initial interviews

were monitored carefully to assure that the nurses fol-

lowed all procedures accurately, and that subjective ratings

(vision and hearing) were consistent with the established

rating criteria. Participants were interviewed in their

residences (both private homes and institutional settings),

and they were assessed with measures that used ‘‘question

and answer’’ format, as well as via performance-based

tasks.

Measures

Figure 2 describes how variables used in NONA corre-

spond to constructs in the Disablement Process model. As

demonstrated in this figure, extra-individual variables were

excluded from analyses because they were not assessed

in the interview. Similarly, intra-individual factors were

limited to questions about psychosocial attributes, and did

not include questions about lifestyle and behavioral chan-

ges due to disease and disability, or levels and type of

physical activities and exercise.

Pathology

Verbrugge and Jette (1994) describe pathology as a

‘‘diagnosis of disease, injury, or congenital/developmental

Main Pathway 

PATHOLOGY

1) Disease 
severity rating

IMPAIRMENT

Sensory:
1) Vision 
2) Hearing 

Pulmonary:
3) Lung Function 

Cardiovascular:
4) Pulse 
5) Blood Oxygen 

Saturation 

Musculoskeletal:
6) Grip Strength 

FUNCTIONAL
LIMITATIONS 

Physical:
1) Physical Limitations 

Cognitive:
2) Delayed recall 

DISABILITY 

1) ADL ability 
2) Immobility 

RISK FACTORS 

1) Gender 
2) Married
3) Education 
4) Age 

INTRA-INDIVIDUAL FACTORS 

Psychosocial Variables
1) Depression 
2) Mastery 
3) Loneliness 

Fig. 2 Variables included in analyses
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condition’’ (p. 2). In a meta-analysis of functional impair-

ment or disability variables as outcomes, Stuck et al.

(1999) found support for significant associations between

specific medical conditions and impairment or disability.

NONA contained a list of 40 diseases and symptoms, and

participants self-reported whether each condition was 1

‘‘currently present’’ or 0 ‘‘not currently present’’. Gold

et al. (2002) disease severity rating (created by a panel

of two MD’s and two MD/PhD’s) was used to code the

diseases and symptoms into categories: (1) very life-

threatening; (2) somewhat life-threatening; and (3) non

life-threatening. In Gold’s research (Gold et al. 2002), the

inter-rater reliability of this classification system was 0.78.

The current study first coded all 40 conditions using Gold’s

classification system, and then, in order to collapse these

ratings into one final scale, the participants were assigned a

final score of disease severity as: 0 (no diseases were

present), 1 (one or more non life-threatening diseases but

no somewhat or very life-threatening diseases were pres-

ent), 2 (one or more somewhat life-threatening diseases but

no very life-threatening diseases were present), and 3 (one

or more very life threatening conditions were present).

Impairments

Impairments are defined in the Disablement Process model

as ‘‘dysfunctions and structural abnormalities in specific

body systems: musculoskeletal, cardiovascular, neurologi-

cal, etc.’’ (Verbrugge and Jette 1994, p. 2). NONA included

one or more assessments of ability and dysfunction in the

visual, auditory, cardiovascular, pulmonary and muscular

systems. Tests and instruments were chosen based on their

portability (ease of being brought to the patient’s home and

still remaining standardized across homes), and their rep-

resentativeness of the function of that bodily system.

After interacting with participants during the interview,

including asking participants to read text presented in font

sized 16, 12, and 8, nurses subjectively rated participants’

vision using a 4-point scale (1 indicating blindness, through 4,

indicating no vision problems). Nurse’s ratings of vision and

the objective results from the font test were significantly

correlated r(126) = 0.75, P \ 0.001, and only the 4-point

subjective ratings were used in the current study. No objective

hearing tests were conducted, however, based on the nurse’s

interaction with the participant, hearing was subjectively

rated by nurses on a similar 4-point scale (with 1 indicating

deafness through 4 indicating no hearing problems).

To measure cardiovascular impairments, a pulse oxim-

eter was placed on the participant’s finger, and two readings

were taken while the participant was sitting. An average of

these two readings was computed for each individual. This

device measures pulse per minute and oxygen saturation in

the blood. Low readings of blood oxygen saturation (Potter

2007) and an elevated heart rate (Palatini 2007) indicate

problems in the cardiovascular system.

Pulmonary function is often measured via peak expira-

tory flow, or PEF. PEF is used as a biomarker of overall

lung health, and in elderly populations is associated with

general physical health, cognition, disability, and death

(Cook et al. 1989). PEF was measured by having partici-

pants blow forcefully into a spirometer while seated, which

measured the maximum liters of air expelled per second.

Three trials were performed, and the maximum lung

function score was recorded.

Muscular function was assessed via measuring grip

strength. Grip strength is an established biomarker of

general muscular function, and losses in grip strength are

significantly correlated with losses in other muscle groups

(Lauretani et al. 2003). In the current study it was measured

by having participants squeeze a dynamometer separately

with both their right and left hands, for three trials on each

hand. The grip strength score was the maximum amount of

force participants were able to apply on either hand.

Functional limitations

Measures of functional limitation can include either cog-

nitive limitations or physical limitations. Cognitive

limitations were assessed via the delayed recall portion of

the Memory in Reality test (or MIR; Johansson 1988/

1989). The test asks participants to memorize 10 everyday

household objects, and then asks them to place the objects

in a replica of an apartment according to the correct room

that the objects would be used in. After 30 min, the par-

ticipants are asked to recall the items, and are scored by the

number of items they can correctly recall.

In the current study, physical limitations were measured

via a battery of eight tasks used in previous research to

assess physical limitations within the Disablement Process

model (Femia et al. 2001). These tasks included having

participants (1) lift a 1 kg weight with their dominant hand,

(2) pick up a pen from the floor, (3) bring their right hand

around the back of their head to touch their left ear, (4)

bring their left hand around the back of their head to touch

their right ear, (5) walk 3 m, turn around and walk back,

(6) bring their right finger down to touch their left toe while

seated, (7) bring their left finger down to touch their right

toe while seated, and (8) cross their arms and try to stand

up from a chair. The nurses administering the interview

coded the participants on a scale of 1 (no difficulty) to 4

(not able to do at all). Although past studies (Femia et al.

1997, 2001) reduced these tasks into two scales of physical

functional limitations, namely, upper body ability and

lower body ability, this distinction was less prevalent in the

current study. A factor analysis was conducted using

principle axis factoring, with VARIMAX rotation, and
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Eigenvalues over 1 were extracted. The ‘‘touching right ear

with left hand’’ task was excluded from these factor anal-

yses because it was highly correlated with the ‘‘touching

left ear with right hand’’ task, r(147) = 0.72, P \ 0.001).

In addition, the ‘‘left hand toe touch’’ task was excluded

from the factor analysis because it was highly correlated

with the ‘‘right hand toe touch’’ task, r(146) = 0.86, P \
0.001. Results indicated that only one factor could be

extracted. Factor loadings on this factor ranged from 0.61

to 0.89, and the Eigenvalue captured 65.36% of the vari-

ance. Therefore, based on the factor analyses, a generalized

physical limitations scale (a = 0.915) was created for the

current study that averaged the participants’ abilities on all

eight functional tests.

Disability

Disability was measured using participants’ self-reported

ability to perform personal and instrumental activities of

daily living, as well as reports of their own general mobility.

Personal activities of daily living (PADL; Katz et al. 1963)

were measured by asking participants how much of a

problem it was for them to bathe or shower, dress/undress,

use the toilet, transfer from bed to chair, and feed them-

selves. Disability in instrumental activities of daily living

(IADL; Lawton 1971) included their self-rated ability to

clean their home, shop for food, manage transportation, and

prepare meals. Possible responses ranged from 0 ‘‘cannot do

at all’’ to 3 ‘‘no problem’’. An overall ADL ability score

combined the PADL and IADL items into one scale, with a

higher score indicating better ADL functioning.

Immobility was measured by asking participants to

describe their ability to get around (1) indoors, (2) outside,

and (3) on stairs. Possible responses ranged from 1 ‘‘very

good ability’’ to 6 ‘‘wholly unable to do’’. Ability on these

three items was combined, with a higher score indicating

more mobility impairment.

Risk factors

Risk factors included: gender, age, marital status (married

vs. unmarried/divorced/widowed), and education (in years).

Originally whether or not people lived alone was to be

included as a risk factor, however, there was a high degree

of overlap between marital status and living alone (95% of

the sample was either living alone and not married (71%) or

not living alone and married (24%)). Therefore, of the two

variables, only marital status was used as a risk variable.

Intra-individual factors

Several psychosocial attributes were included as measures

of intra-individual factors. Depression was measured using

the CES-D (Radloff 1977), which is a 20-item scale

assessing the frequency of depressive symptoms occurring

in the past week. Sample items included: ‘‘I had crying

spells’’ and ‘‘I felt that people disliked me’’. Responses

ranged from 0 ‘‘never/nearly never’’ to 3 ‘‘always/nearly

always’’.

Feelings of mastery or global personal control were

assessed using the 8-item Pearlin Mastery Scale (Pearlin

and Schooler 1978). Sample items include: ‘‘You have

little control over the things that happen to you’’, and

‘‘There is really no way you can solve some of the prob-

lems you have’’. Participants reported the extent to which

they agreed with these statements, with responses ranging

from 0 ‘‘not at all’’ to 3 ‘‘extremely’’. Items were reverse

coded such that a higher score indicated higher feelings of

mastery (a = 0.759).

Finally, loneliness was assessed using a 5-item measure

(Malmberg 1990). Four of these items were originally

drawn from the UCLA Loneliness Scale (Russell 1982),

and the fifth item, measuring global loneliness, was gen-

erated by Malmberg. Participants were asked the extent to

which they agreed with the statements, ranging from 1 ‘‘not

at all agree’’, and 4 indicating ‘‘agree to a considerable

extent’’ (a = 0.583).

Analyses

Analyses consisted of testing associations (Pearson corre-

lations) and mediation effects (regression models), working

left to right, to predict each part of the main pathway with

the variables that preceded it. In the first step, correlations

were used to determine the presence of significant associ-

ations between (1) adjacent variables in the main pathway,

(2) risk factors and main pathway variables, and (3) psy-

chosocial variables and main pathway variables. The

results of these correlations are presented in Table 2, and

were used primarily to dictate which variables were

appropriate to include as independent variables in tests of

mediation.

Mediation models

Independent variables and mediator variables were selec-

ted based on the results of the initial correlations, and the

dependent variables were impairments, functional limita-

tions, and disability. In all mediation models, the risk

factors that were significantly correlated with the inde-

pendent, mediator, or dependent variables were controlled

for by entering them first in the model. The classic Baron

and Kenny (1986) approach was then used in testing

mediation. To establish mediation, three criteria were

necessary. There needed to be a significant direct effect

between the independent and dependent variables (step A),
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a significant direct effect between the independent and

mediator variables (step B), and a significant effect of the

mediator on the dependent variable, after controlling for

the independent variable (step C). An additional way to

test mediation involved including a statistical measure of

the strength of mediation. Sobel’s test was used to mea-

sure whether a critical ratio of the indirect effect of the

independent variable on the dependent variable through

the mediator was significantly different from zero (Sobel

1982). In Sobel’s test, a represents the unstandardized

regression coefficient between the independent and

mediator variables (sa = standard error of a) and b rep-

resents the unstandardized coefficient between the

mediator and dependent variables (sb = the standard error

of b). Sobel’s equation is: z ¼ ab
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

b2sa2þa2sb2
p

Finally, an equation provided by Mackinnon and

Dwyer (1993) was used to determine the degree to which

the mediator explained the direct effect between the

independent variable (IV) on the dependent variable

(DV).

The first series of mediation models tested whether

there were mediating relationships within the main

pathway, for example, impairments would be tested as

a mediator between disease and functional limitations,

and functional limitations would be tested as mediators

between impairments and disability. The other series of

mediation models tested whether there were mediating

relationships within the main pathway via the intra-

individual factors. Psychosocial variables were tested

to see if they mediated: (1) the relationship between

disease and impairments, (2) the relationships

between impairments and functional limitations, and (3)

the relationships between functional limitations and

disability.

Results

The descriptive statistics of variables included in the

analyses are presented in Table 1. As discussed previously,

the correlations will not be discussed in the text of the

paper, but these results are presented in Table 2.

Risk factors

Results from the correlations between risk factors (gender,

age, marital status, and education), and main pathway

variables indicated that education was not significantly

related to any main pathway variables and was therefore

excluded from all future models. Being female was related

to lower lung function and grip strength, and higher scores

on pulse and immobility. Being older was related to poorer

vision, hearing, lung function, and grip strength, and to

greater physical limitations, greater immobility, and higher

feelings of loneliness. Participants who were married had

higher lung function and grip strength, however, it should

be noted that being married was also significantly nega-

tively correlated (r = -0.57) with being female (most

married participants were male).

Main pathway variables as mediators

The tests of whether functional impairments mediated the

relationships between disease severity and functional lim-

itations were not pursued because disease severity did not

have any significant correlations with impairments. The

correlation results did, however, support testing whether

functional limitations mediated the relationships between

impairments and disability (models 1–9). Model 1 tested

whether the functional limitations variable of physical

limitations (difficulty performing the series of functional

tests like standing, walking, bending, etc.) mediated the

relationship between the impairment variable of vision and

the disability variable of ADL ability. Results from the

regression models (Table 3) and the two follow-up tests

(Sobel’s test and the percent of the direct effect explained

by the mediator, Table 6) indicated that physical limita-

tions was a significant mediator, explaining 31.8% of the

direct effect between vision and ADL ability. Although a

large amount of the original effect was mediated through

physical limitations, the beta weight for the effect of vision

on ADL ability was not reduced to zero (model 1.C),

therefore this should be considered an example of partial

mediation (as opposed to ‘‘full mediation’’). Model 2

indicated that physical limitations significantly mediated

the relationship between vision and immobility, explaining

Percentage of total effect mediated ¼ bðMediator to DVÞ � bðIV to MediatorÞ
bðMediator to DVÞ � bðIV to MediatorÞ þ Direct effectðIV to DVÞ
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31.8% of the direct effect, however, this, too, represents

partial mediation. Model 3 was not pursued for mediation

testing, because although correlations were significant

between hearing and ADL ability and between hearing and

physical limitations (Table 2), these relationships were not

significant after controlling for age (see models 3.A and

3.B in Table 3). Models 4 and 5 indicated that physical

limitations significantly mediated the relationship between

lung function and ADL ability (explaining 36.4% of the

direct effect), and between lung function and immobility

(explaining 38.0% of the direct effect), however, both of

these models should be interpreted as partial mediation,

because lung function was still significant in models 4.C

and 5.C. Models 6 did not demonstrate that physical lim-

itations mediated the relationship between pulse and ADL

ability because the direct effect between pulse and physical

limitations (model 6.B) was not significant after controlling

for age and gender. Likewise, model 7 did not demonstrate

that physical limitations mediated the relationship between

pulse and immobility because the direct effects between

pulse and immobility (model 7.A) and between pulse and

physical limitations (model 7.B) were not significant after

controlling for age and gender. Models 8 and 9 demon-

strated that physical limitations significantly and partially

mediated grip strength and ADL ability (explaining 44.0%

of the direct effect between grip strength and ADL ability),

and significantly and fully mediated grip strength and

immobility (explaining 52.1% of the direct effect between

grip strength and immobility).

Psychosocial variables as mediators

It was originally planned to test psychosocial variables as

mediators between (1) disease and impairment, (2)

impairment and functional limitations, and (3) functional

limitations and disability. The first of these tests was not

run because there were no significant correlations between

disease severity and impairments. It should be noted,

however, that disease severity was significantly correlated

with mastery (a psychosocial variable), and mastery was

correlated with several impairment variables (vision, lung

function, and grip strength). Therefore, while one of the

main criterion for mediation (step A) was not met, we

should consider the idea that indirect effects may still play

a role in the relationships between disease severity, mas-

tery, and the impairment variables of vision, lung function,

and grip strength. Full mediation testing on the other two

analyses (items 2 and 3 from above) were pursued, and are

Table 1 Descriptive

Information for the sample
N % or mean (sd)

Risk factors

Gender: % women 149 69.8%

% Married (vs. unmarried, widowed, divorced) 147 22.1%

Education in years of schooling 148 6.79 (1.74)

Age 149 89.49 (3.26)

Pathology

Disease severity (possible range: 0 ‘‘no diseases present’’–3 ‘‘one

or more very-life-threatening diseases present’’)

141 1.82 (1.03)

Impairments

Vision (possible range: 1 ‘‘Blind/Nearly Blind’’–4 ‘‘No problems’’) 148 3.40 (0.78)

Hearing (possible range: 1 ‘‘Deaf/Nearly Deaf’’–4 ‘‘No problems’’) 149 3.52 (0.63)

Lung Function (l/s) 133 259.79 (115.01)

Pulse (per minute) 146 70.51 (12.34)

Blood Oxygen Saturation (% of bound hemoglobin) 146 95.14 (3.57)

Grip Strength (pounds per square inch) 142 0.57 (0.20)

Functional Limitations

Physical Limitations (possible range:1 ‘‘no difficulty’’–4 ‘‘unable to do’’) 149 1.84 (0.97)

Memory: Delayed recall (# correct out of 10) 132 5.19 (2.57)

Disability

ADL (possible range: 0 ‘‘can’t do at all’’–3 ‘‘can do without problems’’) 149 2.27 (0.90)

Immobility (possible range:1 ‘‘very good ability’’–6 ‘‘unable to do at all’’) 145 2.54 (1.60)

Psychosocial factors

Depression (CES-D score: possible range: 0–60) 133 9.37 (8.01)

Mastery (possible range: 0 Feel this way ‘‘not at all’’–3 ‘‘extremely’’) 132 2.09 (0.64)

Loneliness (possible range: 1 Feel this way ‘‘not at all–4’’extremely’’) 140 1.71 (0.54)
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Table 3 Main pathway mediation models: functional limitations as mediators

Model (Dep. Variable) Predictor variable B Std. error Beta P value Model R2

1.A (ADL ability) Constant 3.28 2.00 0.10 0.18

Age -0.03 0.02 -0.10 0.19

Vision 0.44 0.09 0.39* 0.00

1.B (Physical limitations) Constant -0.97 2.26 0.67 0.10

Age 0.04 0.02 0.15 0.08

Vision -0.29 0.10 -0.24* 0.00

1.C (ADL ability) Constant 2.66 1.38 0.06 0.61

Age 0.00 0.01 0.00 0.97

Vision 0.25 0.06 0.22* 0.00

Physical limitations -0.64 0.05 -0.69* 0.00

2.A (Immobility) Constant -1.11 3.81 0.77 0.16

Age 0.06 0.04 0.12 0.16

Gender 0.47 0.27 0.14 0.08

Vision -0.63 0.17 -0.31* 0.00

2.B (Physical limitations) Constant -1.34 2.30 0.55 0.11

Age 0.04 0.02 0.15 0.07

Gender 0.17 0.16 0.08 0.30

Vision -0.28 0.10 -0.23* 0.01

2.C (Immobility) Constant -0.32 2.48 0.90 0.65

Age 0.01 0.03 0.02 0.74

Gender 0.34 0.17 0.10 0.06

Vision -0.23 0.11 -0.11* 0.04

Physical limitations 1.27 0.09 0.74* 0.00

3.A (ADL ability) Constant 5.93 2.24 0.01 0.06

Age -0.05 0.02 -0.18* 0.04

Hearing 0.18 0.12 0.13 0.14

3.B (Physical Limitations) Constant -1.79 2.41 0.46 0.07

Age 0.05 0.03 0.17* 0.05

Hearing -0.23 0.13 -0.15 0.08

3.C (ADL ability) Constant 4.69 1.50 0.00 0.58

Age -0.01 0.02 -0.05 0.38

Hearing 0.02 0.08 0.02 0.78

Physical limitations -0.69 0.05 -0.75* 0.00

4.A (ADL ability) Constant 1.99 2.02 0.33 0.18

Age -0.01 0.02 -0.02 0.79

Gender 0.11 0.18 0.06 0.56

Married -0.02 0.19 -0.01 0.91

Lung function 0.00 0.00 0.44* 0.00

4.B (Physical limitations) Constant 1.48 2.32 0.53 0.10

Age 0.01 0.02 0.04 0.63

Gender -0.15 0.21 -0.08 0.49

Married -0.20 0.22 -0.10 0.34

Lung function -0.00 0.00 -0.29* 0.00

4.C (ADL ability) Constant 2.79 1.59 0.08 0.50

Age 0.00 0.02 0.00 0.96

Gender 0.03 0.14 0.02 0.85

Married -0.13 0.15 -0.07 0.38

Lung function 0.00 0.00 0.27* 0.00

Physical limitations -0.54 0.06 -0.60* 0.00

5.A (Immobility) Constant 4.72 3.77 0.21 0.13

Age -0.01 0.04 -0.03 0.77

Gender -0.11 0.34 -0.04 0.74

Married -0.05 0.35 -0.01 0.89

Lung function -0.00 0.00 -0.38* 0.00
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Table 3 continued

Model (Dep. Variable) Predictor variable B Std. error Beta P value Model R2

5.B (Physical limitations) Constant 1.48 2.32 0.53 0.10

Age 0.01 0.02 0.04 0.63

Gender -0.15 0.21 -0.08 0.49

Married -0.20 0.22 -0.10 0.36

Lung function -0.00 0.00 -0.29* 0.00

5.C (Immobility) Constant 2.60 2.55 0.31 0.61

Age -0.02 0.03 -0.05 0.40

Gender 0.10 0.23 0.03 0.68

Married 0.19 0.24 0.06 0.41

Lung function -0.00 0.00 -0.18* 0.01

Physical limitations 1.24 0.10 0.72* 0.00

6.A (ADL ability) Constant 7.95 1.93 0.00 0.10

Age -0.05 0.02 -0.18* 0.03

Gender -0.12 0.15 -0.07 0.42

Pulse -0.02 0.01 -0.23* 0.01

6.B (Physical limitations) Constant -3.80 2.13 0.08 0.06

Age 0.05 0.02 0.18* 0.03

Gender 0.10 0.17 0.05 0.54

Pulse 0.01 0.01 0.15 0.08

6.C (ADL ability) Constant 5.44 1.35 0.00 0.57

Age -0.01 0.01 -0.05 0.36

Gender -0.06 0.11 -0.03 0.60

Pulse -0.01 0.00 -0.12* 0.03

Physical limitations -0.66 0.05 -0.71* 0.00

7.A (Immobility) Constant -7.12 3.55 0.05 0.08

Age 0.08 0.04 0.18* 0.03

Gender 0.39 0.28 0.12 0.16

Pulse 0.02 0.01 0.16 0.06

7.B (Physical limitations) Constant -3.80 2.13 0.08 0.06

Age 0.05 0.02 0.18* 0.03

Gender 0.10 0.17 0.05 0.54

Pulse 0.01 0.01 0.15 0.08

7.C (Immobility) Constant -2.56 2.33 0.27 0.61

Age 0.02 0.03 0.05 0.40

Gender 0.32 0.18 0.10 0.08

Pulse 0.00 0.01 0.03 0.55

Physical limitations 1.28 0.09 0.75* 0.00

8.A (ADL ability) Constant 3.75 1.89 0.05 0.23

Age -0.03 0.02 -0.11 0.16

Gender 0.02 0.17 0.01 0.90

Married -0.12 0.18 -0.06 0.49

Grip Strength 1.88 0.35 0.47* 0.00

8.B (Physical limitations) Constant 1.49 2.09 0.47 0.23

Age 0.02 0.02 0.07 0.35

Gender -0.17 0.19 -0.09 0.36

Married 0.01 0.20 0.01 0.95

Grip strength -2.20 0.39 -0.50* 0.00

8.C (ADL ability) Constant 4.61 1.47 0.00 0.54

Age -0.02 0.02 -0.06 0.30

Gender -0.08 0.13 -0.04 0.56

Married -0.11 0.14 -0.06 0.41

Grip strength 0.62 0.30 0.15* 0.04

Physical limitations -0.58 0.06 -0.64* 0.00
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displayed in Tables 4 and 5. Follow-up tests (Sobel’s tests

and the percent of the direct effect explained by the

mediator) are presented for all mediation models in

Table 6.

Psychosocial mediators between impairments

and limitations

Results from models 10–18 (Table 4) indicated that there

were several significant psychosocial variables that medi-

ated relationships between impairments and functional

limitations. Model 10 demonstrated that depression met the

criteria for partial mediation between vision and physical

limitations, however, follow-up tests (Table 6) revealed

Sobel’s test to be only marginally significant, with depres-

sion explaining 17.2% of the direct effect between vision

and physical limitations. Model 11, however, indicated that

the relationship between vision and physical limitations was

significantly and partially mediated by mastery, with mas-

tery explaining 28.6% of the direct effect between vision

and physical limitations. Models 12, 13, and 14, did not find

evidence that loneliness mediated the relationship between

vision and physical limitations, that loneliness mediated the

relationship between hearing and physical limitations, or

that depression mediated the relationship between lung

function and physical limitations. In each of these cases, the

independent variable did not significantly predict the

mediator variable (step B in the models). Model 15 indi-

cated that mastery significantly mediated the relationship

between lung function and physical limitations, explaining

27.0% of the direct effect. This model also suggests full

mediation because in model 15.C, lung function became

non-significant when the mediator, mastery, was added.

Model 16 did not find that the relationship between lung

function and physical limitations was mediated by loneli-

ness because lung function did not significantly predict the

mediator, loneliness, after controlling for age, gender, and

being married (model 16.B). Model 17 did not find that the

relationship between pulse and physical limitations was

mediated by loneliness because pulse did not significantly

predict physical limitations after controlling for age and

gender (model 17.A). Finally, model 18 suggested that

mastery partially, but significantly mediated the relation-

ship between grip strength and physical limitations,

explaining 18.6% of the direct effect.

Psychosocial mediators between limitations and disability

Models 19 and 20 (Table 5) indicated that the relationship

between physical limitations and ADL ability was signifi-

cantly and partially mediated by depression (explaining

10.2% of the direct effect), and mastery (explaining 19.6%

of the direct effect). Although in model 21 the criteria was

met for loneliness also mediating the relationhsip between

physical limitations and ADL ability, Sobel’s test (Table 6)

was only marginally significant, and loneliness explained

only 6.8% of that direct effect. Models 22 and 23 also

indicated that the relationship between physical limitations

and immobility was significantly and partially mediated by

depression (explaining 10.1% of this direct effect), and

Table 3 continued

Model (Dep. Variable) Predictor variable B Std. error Beta P value Model R2

9.A (Immobility) Constant 0.46 3.68 0.90 0.16

Age 0.04 0.04 0.08 0.35

Gender 0.20 0.33 0.06 0.56

Married 0.18 0.34 0.05 0.61

Grip strength -2.70 0.68 -0.37* 0.00

9.B (Physical limitations) Constant 1.49 2.09 0.48 0.23

Age 0.02 0.02 0.07 0.35

Gender -0.17 0.19 -0.09 0.36

Married 0.01 0.20 0.01 0.95

Grip strength -2.20 0.39 -0.50* 0.00

9.C (Immobility) Constant -1.75 2.54 0.49 0.61

Age 0.01 0.03 0.03 0.63

Gender 0.45 0.23 0.14* 0.05

Married 0.15 0.24 0.04 0.53

Grip strength 0.03 0.52 0.00 0.95

Physical limitations 1.31 0.11 0.76* 0.00

Note: B is the unstandardized regression coefficient, Std. error is the standard error for this coefficient, and Beta is the standardized regression coefficient; * P value
was \0.05; -0.00 represents a negative value that appears in the table as negative zero because only 2 decimal places were used. Models denoted by letter A

indicate that this model tests the direct effect between the independent variable and the outcome variable; models denoted by letter B indicate that this model tests

the direct effect between the independent variable and the mediator variable; models denoted by letter C indicate that this model tests the mediating effect between
the independent variable and the outcome variable
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Table 4 Psychosocial mediation between impairments and functional limitations

Model (Dep. variable) Predictor variable B Std. error Beta P value Model R2

10.A (Physical limitations) (Constant) -0.97 2.26 0.67 0.10

Age 0.04 0.02 0.15 0.08

Vision -0.29 0.10 -0.24* 0.00

10.B (Depression) (Constant) 30.32 21.13 0.15 0.04

Age -0.15 0.22 -0.06 0.49

Vision -2.09 0.95 -0.20* 0.03

10.C (Physical limitations) (Constant) 0.74 2.22 0.74 0.13

Age 0.02 0.02 0.07 0.44

Vision -0.25 0.10 -0.22* 0.01

Depression 0.02 0.01 0.23* 0.01

11.A (Physical limitations) (Constant) -0.97 2.26 0.67 0.10

Age 0.04 0.02 0.15 0.08

Vision -0.29 0.10 -0.24* 0.00

11.B (Mastery) (Constant) 0.93 1.71 0.59 0.05

Age 0.01 0.02 0.03 0.77

Vision 0.20 0.08 0.24* 0.01

11.C (Physical limitations) (Constant) 2.23 2.13 0.30 0.22

Age 0.01 0.02 0.05 0.53

Vision -0.21 0.10 -0.18* 0.03

Mastery -0.52 0.11 -0.38* 0.00

12.A (Physical limitations) (Constant) -0.97 2.26 0.67 0.10

Age 0.04 0.02 0.15 0.08

Vision -0.29 0.10 -0.24* 0.00

12.B (Loneliness) (Constant) -0.91 1.35 0.50 0.08

Age 0.03 0.01 0.20* 0.02

Vision -0.10 0.06 -0.15 0.08

12.C (Physical limitations) (Constant) 0.66 2.22 0.77 0.13

Age 0.02 0.02 0.07 0.41

Vision -0.32 0.10 -0.27* 0.00

Loneliness 0.25 0.14 0.15 0.08

13.A (Physical limitations) (Constant) -1.79 2.41 0.46 0.07

Age 0.05 0.02 0.17* 0.05

Hearing -0.23 0.13 -0.15 0.08

13.B (Loneliness) (Constant) -1.13 1.38 0.42 0.07

Age 0.04 0.01 0.21* 0.01

Hearing -0.09 0.08 -0.11 0.21

13.C (Physical limitations) (Constant) -1.44 2.34 0.54 0.07

Age 0.03 0.02 0.12 0.17

Hearing -0.11 0.13 -0.07 0.41

Loneliness 0.30 0.14 0.18* 0.04

14.A (Physical limitations) (Constant) 1.48 2.32 0.53 0.10

Age 0.01 0.02 0.04 0.63

Gender -0.15 0.21 -0.08 0.49

Married -0.20 0.22 -0.10 0.36

Lung function -0.00 0.00 -0.29* 0.00
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Table 4 continued

Model (Dep. variable) Predictor variable B Std. error Beta P value Model R2

14.B (Depression) (Constant) 47.05 21.18 0.03 0.07

Age -0.37 0.22 -0.16 0.09

Gender -0.85 1.90 -0.05 0.66

Married -2.32 1.94 -0.13 0.23

Lung function -0.01 0.01 -0.20 0.06

14.C (Physical limitations) (Constant) 1.55 2.24 0.49 0.09

Age 0.00 0.02 0.02 0.84

Gender -0.04 0.20 -0.03 0.83

Married -0.07 0.20 -0.04 0.74

Lung function -0.00 0.00 -0.23* 0.03

Depression 0.02 0.01 0.15 0.12

15.A (Physical limitations) (Constant) 1.48 2.32 0.53 0.10

Age 0.01 0.02 0.04 0.63

Gender -0.15 0.21 -0.08 0.49

Married -0.20 0.22 -0.10 0.36

Lung function -0.00 0.00 -0.29* 0.00

15.B (Mastery) (Constant) 0.02 1.71 0.99 0.07

Age 0.02 0.02 0.10 0.29

Gender 0.04 0.16 0.03 0.79

Married 0.01 0.16 0.01 0.94

Lung function 0.00 0.00 0.27* 0.01

15.C (Physical limitations) (Constant) 2.33 2.10 0.27 0.17

Age 0.01 0.02 0.02 0.79

Gender -0.02 0.19 -0.01 0.92

Married -0.09 0.19 -0.05 0.66

Lung function -0.00 0.00 -0.17 0.10

Mastery -0.42 0.11 -0.33* 0.00

16.A (Physical limitations) (Constant) 1.48 2.32 0.53 0.10

Age 0.01 0.02 0.04 0.63

Gender -0.15 0.21 -0.08 0.49

Married -0.20 0.22 -0.10 0.36

Lung function -0.00 0.00 -0.29* 0.00

16.B (Loneliness) (Constant) 1.17 1.34 0.39 0.05

Age 0.01 0.01 0.05 0.57

Gender -0.01 0.12 -0.01 0.96

Married -0.07 0.12 -0.06 0.59

Lung function -0.00 0.00 -0.19 0.08

16.C (Physical limitations) (Constant) 1.96 2.21 0.38 0.09

Age 0.00 0.02 0.01 0.87

Gender -0.07 0.20 -0.04 0.73

Married -0.12 0.20 -0.06 0.56

Lung function -0.00 0.00 -0.29* 0.01

Loneliness -0.01 0.15 -0.01 0.92

17. A(Physical limitations) (Constant) -3.80 2.13 0.08 0.06

Age 0.05 0.02 0.18* 0.03

Gender 0.10 0.17 0.05 0.54

Pulse 0.01 0.01 0.15 0.08
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mastery (explaining 20.1% of the direct effect). Model 24

found that loneliness did not mediate the relationship

between physical limitations and immobility because

loneliness did not significantly predict immobility when

physical limitations was also included as a predictor

(model 24.C). Finally, model 25 indicated that the criteria

was met for loneliness mediating the relationship between

delayed recall and ADL ability, but Sobel’s test was not

statistically significant. Loneliness did, however, explain

10.6% of the direct effect between delayed recall and ADL

ability.

Discussion

In general, the results from mediation tests in the current

study lend support for the hypothesized organization of

constructs within the Disablement Process model. When

observing the main pathway, for example, results showed

that all impairments were predictive of at least one dis-

ability variable. When adding tests of mediation, however,

it appears that much of these effects, specifically for vision,

lung function, and grip strength, work indirectly via

physical limitations, a finding which supports the place-

ment of physical limitation variables in between

impairments and disability in the model. In fact, physical

limitations in basic body movements accounted for

between 31 and 52% of the direct effects between the

impairment variables of vision, lung function, and grip

strength, and the disability variables ADL ability and

immobility. The fact that physical limitation was a more

important mediator in the model than cognitive ability

(measured via delayed recall) is not surprising, as we

would not expect problems in vision, pulmonary function,

Table 4 continued

Model (Dep. variable) Predictor variable B Std. error Beta P value Model R2

17.B (Loneliness) (Constant) -2.18 1.22 0.08 0.09

Age 0.04 0.01 0.22 0.01

Gender 0.08 0.10 0.07 0.39

Pulse 0.01 0.00 0.17* 0.05

17.C (Physical limitations) (Constant) -2.34 2.10 0.27 0.06

Age 0.03 0.02 0.13 0.15

Gender 0.11 0.17 0.06 0.50

Pulse 0.01 0.01 0.10 0.26

Loneliness 0.21 0.15 0.12 0.16

18.A (Physical limitations) (Constant) 1.49 2.09 0.48 0.23

Age 0.02 0.02 0.07 0.35

Gender -0.17 0.19 -0.09 0.36

Married 0.01 0.20 0.01 0.94

Grip strength -2.20 0.39 -0.50* 0.00

18.B (Mastery) (Constant) 1.18 1.64 0.47 0.08

Age 0.01 0.02 0.03 0.77

Gender -0.02 0.15 -0.01 0.92

Married -0.03 0.15 -0.02 0.84

Grip strength 0.88 0.30 0.29* 0.00

18.C (Physical limitations) (Constant) 2.40 1.96 0.22 0.28

Age 0.01 0.02 0.05 0.53

Gender -0.07 0.18 -0.04 0.68

Married 0.09 0.18 0.05 0.61

Grip strength -1.51 0.38 -0.37* 0.00

Mastery -0.43 0.11 -0.32* 0.00

Note: B is the unstandardized regression coefficient, Std. error is the standard error for this coefficient, and Beta is the standardized regression

coefficient; * P-value was \0.05; -0.00 represents a negative value that appears in the table as negative zero because only 2 decimal places were

used. Models denoted by letter A indicate that this model tests the direct effect between the independent variable and the outcome variable;

models denoted by letter B indicate that this model tests the direct effect between the independent variable and the mediator variable; models

denoted by letter C indicate that this model tests the mediating effect between the independent variable and the outcome variable. On several

occasions, the R2 values of model version C are less than those of version A, which is due the listwise deletion of cases missing data on the

psychosocial mediator variables
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Table 5 Psychosocial mediation between functional limitations and disability

Model (Dep. variable) Predictor variable B Std. error Beta P value Model R2

19.A (ADL ability) (Constant) 4.88 1.32 0.00 0.58

Age -0.01 0.01 -0.05 0.32

Physical limitations -0.70 0.05 -0.75* 0.00

19. B (Depression) (Constant) 13.87 18.77 0.46 0.07

Age -0.10 0.21 -0.04 0.64

Physical limitations 2.47 0.78 0.27* 0.00

19.C (ADL ability) (Constant) 4.39 1.30 0.00 0.53

Age -0.01 0.01 -0.04 0.53

Physical limitations -0.59 0.06 -0.67* 0.00

Depression -0.01 0.01 -0.15* 0.02

20.A (ADL ability) (Constant) 4.88 1.32 0.00 0.58

Age -0.01 0.01 -0.05 0.32

Physical limitations -0.70 0.05 -0.75* 0.00

20.B (Mastery) (Constant) 2.51 1.43 0.08 0.18

Age 0.00 0.02 0.01 0.94

Physical limitations -0.31 0.06 -0.43* 0.00

20.C (ADL ability) (Constant) 3.96 1.31 0.00 0.54

Age -0.01 0.01 -0.05 0.43

Physical limitations -0.56 0.06 -0.63* 0.00

Mastery 0.22 0.08 0.18* 0.01

21.A (ADL ability) (Constant) 4.88 1.32 0.00 0.58

Age -0.01 0.01 -0.05 0.32

Physical limitations -0.70 0.05 -0.75* 0.00

21.B (Loneliness) (Constant) -1.63 1.21 0.18 0.09

Age 0.04 0.01 0.21* 0.01

Physical limitations 0.11 0.05 0.18* 0.03

21.C (ADL ability) (Constant) 4.03 1.32 0.00 0.57

Age 0.00 0.02 0.00 0.95

Physical limitations -0.64 0.05 -0.69* 0.00

Loneliness -0.27 0.09 -0.18* 0.00

22.A (Immobility) (Constant) -2.50 2.27 0.27 0.64

Age 0.02 0.03 0.05 0.36

Gender 0.35 0.18 0.10* 0.05

Physical limitations 1.31 0.09 0.77* 0.00

22.B (Depression) (Constant) 10.69 19.14 0.58 0.08

Age -0.09 0.21 -0.03 0.69

Gender 1.28 1.46 0.07 0.38

Physical limitations 2.42 0.78 0.26* 0.00

22.C (Immobility) (Constant) -0.18 2.21 0.94 0.65

Age -0.00 0.02 -0.01 0.89

Gender 0.29 0.17 0.09 0.09

Physical limitations 1.28 0.09 0.75* 0.00

Depression 0.02 0.01 0.13* 0.02

23.A (Immobility) (Constant) -2.50 2.27 0.27 0.64

Age 0.02 0.03 0.05 0.36

Gender 0.35 0.18 0.10* 0.05

Physical limitations 1.31 0.09 0.77* 0.00
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or muscular function to necessarily influence cognitive

tasks like memory function.

Despite these findings that support the organization of

the model’s main pathway, the predicted and predictive

power of the pathology factor was not supported. In these

analyses, a measure of ‘‘disease severity’’ was included as

a proxy for pathology, yet disease severity had small, but

significant associations with only three other variables in

the model (physical limitations, immobility, and mastery),

none of which were impairment variables. It is possible

that these mostly null findings are caused by defining

pathology in terms of how life-threatening a disease is.

Diseases that are highly life threatening do not necessarily

cause disablement, and diseases that are highly disabling

may not necessarily be life threatening. Arthritis, for

example, is listed by Gold’s (Gold et al. 2002) measure as

‘‘somewhat life threatening’’, and heart disease is listed as

‘‘very life threatening’’, but it is possible that a person with

arthritis is more disabled by their disease than a person is

with heart disease. Thus, it is possible that a scale like

Table 5 continued

Model (Dep. variable) Predictor variable B Std. error Beta P value Model R2

23.B (Mastery) (Constant) 2.62 1.45 0.07 0.18

Age 0.00 0.02 0.00 0.95

Gender -0.05 0.11 -0.03 0.68

Physical limitations -0.31 0.06 -0.43* 0.00

23.C (Immobility) (Constant) 0.88 2.26 0.70 0.65

Age -0.00 0.02 -0.01 0.88

Gender 0.30 0.17 0.09 0.08

Physical limitations 1.23 0.10 0.72* 0.00

Mastery -0.35 0.14 -0.15* 0.01

24. A (Immobility) (Constant) -2.50 2.27 0.27 0.64

Age 0.02 0.03 0.05 0.36

Gender 0.35 0.18 0.10* 0.05

Physical limitations 1.31 0.09 0.77* 0.00

24.B (Loneliness) (Constant) -1.93 1.23 0.12 0.10

Age 0.04 0.01 0.22* 0.01

Gender 0.13 0.10 0.11 0.19

Physical limitations 0.10 0.05 0.17* 0.05

24.C (Immobility) (Constant) -1.60 2.34 0.50 0.63

Age 0.01 0.03 0.03 0.63

Gender 0.29 0.18 0.09 0.11

Physical limitations 1.33 0.10 0.77* 0.00

Loneliness 0.08 0.16 0.03 0.63

25.A (ADL ability) (Constant) 4.35 1.82 0.02 0.20

Age -0.03 0.02 -0.12 0.14

Delayed recall 0.14 0.03 0.42* 0.00

25.B (Loneliness) (Constant) -1.28 1.24 0.30 0.09

Age 0.04 0.01 0.22* 0.01

Delayed recall -0.03 0.02 -0.17* 0.05

25.C (ADL ability) (Constant) 3.26 1.83 0.08 0.20

Age -0.01 0.02 -0.05 0.58

Delayed recall 0.12 0.03 0.37* 0.00

Loneliness -0.26 0.13 -0.16* 0.05

Note: B is the unstandardized regression coefficient, Std. error is the standard error for this coefficient, and Beta is the standardized regression

coefficient; * P value was \0.05; -0.00 represents a negative value that appears in the table as negative zero because only 2 decimal places were

used. Models denoted by letter A indicate that this model tests the direct effect between the independent variable and the outcome variable;

models denoted by letter B indicate that this model tests the direct effect between the independent variable and the mediator variable; models

denoted by letter C indicate that this model tests the mediating effect between the independent variable and the outcome variable. On several

occasions, the R2 values of model version C are less than those of version A, which is due the listwise deletion of cases missing data on the

psychosocial mediator variables
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Gold’s or the widely used Charlson co-morbidity index

(Charlson et al. 1987) measure how threatening a disease

is to mortality, instead of how threatening it is to dis-

ability. Future studies should consider testing a pathology

scale which assesses disability-risk, rather than mortality-

risk.

In addition to these analyses supporting the general

organization of the main pathway, evidence also emerged

which substantiated the inclusion of psychosocial variables

in the periphery of the model. Mastery, in particular, was

found to be a consistent mediator between impairments and

functional limitations accounting for between 18 and 29%

of the direct effects, and between functional limitations and

disability, accounting for approximately 20% of the direct

effects. Depression mediated the relationship between

vision and physical limitations, and between physical

limitations and both disability variables, but explained a

lower percentage of the direct effects (between 10 and

18%). Finally, loneliness met some but not all of the cri-

teria to be considered a significant mediator between both

physical and cognitive functional limitation variables and

ADL ability, however, it only explained between 6 and

11% of the direct effects. These findings on psychosocial

mediators support work by Femia et al. (1997), who found

psychosocial variables in general, and mastery in particu-

lar, to play important mediating roles in the Disablement

Process. A study by Caplan and Schooler (2003) also found

that attributes related to mastery, namely self-confidence

and fatalism, were related to disability outcomes.

Although the current analysis does not reveal why or

how mastery acts a mediator, there is research which may

explain such mechanisms. Mastery is a concept originally

developed by Pearlin and Schooler (1978) as a kind of

coping mechanism which protected people from stressors.

In the face of disability, it is possible that feelings of

mastery lead people to remain more physically active,

whereas those with low mastery may become more phys-

ically passive once they realize their limitations. By

causing increased activity, mastery may contribute to the

maintenance of stronger muscle mass and overall physical

health. Mastery also may cause individuals to feel more in

control of their physical impairments, which leads them to

be more proactive in their own care, and better at mobi-

lizing resources which allow them to maintain function at

the highest possible level. In addition, mastery may affect

people’s performance on and self-report of their own

physical abilities. People with higher mastery may have

more confidence in their own ability, and therefore may try

harder on the tests of physical limitations. They also may

have more confidence in their ADL abilities and may

foresee themselves as needing less help with these activi-

ties, even when some impairment does exist. Regardless of

the underlying mechanisms, the fact that mastery has a

significant influence on the process of disablement leads to

Table 6 Summary of mediation effects

Model# Predictor Mediator Outcome Sobel’s test Percent of total effect

explained by the mediator (%)

1 Vision Physical limitations ADL ability 2.84* 31.8

2 Vision Physical limitations Immobility -2.75* 36.4

4 Lung function Physical limitations ADL ability 1.98* 32.5

5 Lung function Physical limitations Immobility -2.95* 38.0

8 Grip strength Physical limitations ADL ability 5.21* 44.0

9 Grip strength Physical limitations Immobility -5.28* 52.1

10 Vision Depression Physical limitations -1.77� 17.2

11 Vision Mastery Physical limitations -2.26* 28.6

15 Lung function Mastery Physical limitations -2.32* 27.0

18 Grip strength Mastery Physical limitations -2.55* 18.6

19 Physical limitations Depression ADL ability -2.18* 10.2

20 Physical limitations Mastery ADL ability -3.92* 19.6

21 Physical limitations Loneliness ADL ability 1.88� 6.8

22 Physical limitations Depression Immobility 2.16* 10.1

23 Physical limitations Mastery Immobility 3.87* 20.1

25 Delayed recall Loneliness ADL ability 1.39 10.6

Note: Models 3, 6, 7, 12, 13, 14, 16, 17, and 24 had one or more portions of the mediation testing (A, B, or C) where key variables were non-

significant, thus disqualifying the models from subsequent analyses of Sobel’s test or testing the % of the total effect explained by the mediator

* Statistical significance at a level of P \ 0.05
� Indicates marginal significance at a level of P \ 0.10
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important implications for sustaining independence in the

oldest-old. Perhaps if older people can be made to feel

more in control of their health and healthcare, they may be

better able to cope with their losses in ability, and they may

be able to improve their own functional performance and

ability outcomes. On a final note, however, besides testing

how psychosocial attributes such as mastery influence

outcomes such as disability, we also should consider that

disability may influence psychosocial attributes, and

therefore, future studies should consider intra-individual

variables both as predictors of disability, and as possible

outcomes affected by disability.

Limitations and future directions

Several important limitations to the current study should be

noted. These analyses were run on a sample of very old

individuals, and the sample included people who were

living independently and in institutions. Despite the effort

to include individuals who were dependent on institutional

care, the final sample must be viewed as one that poten-

tially contains only the healthiest oldest-old. Those who

were too physically or cognitively impaired to participate

in the lengthy interview process were not included in the

analyses. While this problem arises in nearly all studies of

this age group, it is still important to consider that the

current findings may not be generalizable to the entire

oldest-old population.

A second caveat worth noting is that the model was

tested using cross-sectional analyses. The fact that dis-

ablement is a process inherently implies that time must

pass for disability to occur. People who develop an illness

or disorder do not necessarily become concurrently dis-

abled. While it is important to test the model cross-

sectionally as a ‘‘first step’’, it is also possible that different

predictors and different mediators could emerge if time

was introduced into the model. We suggest that future tests

of the model utilize the longitudinal nature of NONA and

other appropriate datasets, and that researchers compare

results from the longitudinal and cross-sectional analyses

to better understand how time effects relationships in the

model.

A third point of importance is that the analyses tested a

large number of associations, and thus included many tests

of significance. With large numbers of significance tests, it

is possible that some ‘‘statistically significant’’ effects

discussed here have been found just by chance. Although

theory, past research, and the Disablement Process model

have guided variable selection and testing, results here

should be interpreted as lending support for the Disable-

ment Process model, not necessarily ‘‘confirming’’ it.

Finally, this study was not able to test the role of

external factors in the Disablement Process, thus, like

Femia et al. (2001), Lawrence and Jette (1996), and Peek

et al. (2003), the current analyses represent only a partial

test of the Disablement Process model. Future research

should include reliable measures of extra-individual factors

in order to test the full model. While the current study leant

support that psychosocial variables such as mastery,

depression, and loneliness may be explain some of the

variance in relationships within the main pathway, there

remains a lot of variance which still can be explained. It is

likely that including other intra-individual factors, and

perhaps more importantly, extra-individual factors, might

reveal additional variables that are equally, if not more,

important than mastery, depression, and loneliness in the

Disablement Process. For example, type and quality of

medical care, accessibility and use of personal care

equipment, and the extent to which people’s physical

environment accommodates their limitations or hinders

them, would be particularly interesting to test as additional

mediators. Research that includes extra-individual factors

may be informative in explaining additional variance in

basic research on disablement, and also be helpful in

designing interventions aimed at preventing disability.

Conclusions

In conclusion, the current analyses provide further support

for the theoretical and empirical relevance of the Dis-

ablement Process model. The inclusion of psychosocial

factors, and mastery, in particular, revealed both the

potential strengths of the relationships between psycho-

logical attributes and disablement, and it also provided

information on areas of psychological functioning that

might be amenable to interventions seeking to impede the

Disablement Process. The current analysis also provides

new evidence that this model is replicable in a sample of

the oldest-old—a sample which has an elevated risk for

developing disability.
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