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Background. The purpose of this study is to examine whether physical disability is associated with faster rate of
decline in cognitive function.

Methods. A longitudinal population-based cohort of 6,678 initially nondisabled older adults from a biracial urban
community was interviewed at 3-year intervals from 1993 to 2012. Cognitive function was assessed using a standardized
global cognitive score, and physical disabilities using activities of daily living (ADL) and instrumental activities of daily
living (IADL).

Results. During the follow-up period, 2,450 of 6,678 participants (37%) developed ADL and 2,069 of 4,287 par-
ticipants (48%) developed IADL disability. After adjusting for demographic and physiologic confounders, cognitive
function declined a mean of 0.048 unit per year before ADL disability and 0.047 unit per year before IADL disability. In
comparison, the rate of cognitive decline accelerated further by 0.076 unit per year (156% increase) after ADL disability
and 0.054 unit per year (115% increase) after IADL disability. Severity of ADL and IADL disabilities were also associ-
ated with faster cognitive decline following disability.

Conclusions. In old age, cognitive function declines substantially faster following physical disability even after con-
trolling for demographic and physiologic characteristics of participants.
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OGNITIVE decline in old age is common and is
strongly associated with increased risk of cognitive
impairment, Alzheimer’s disease, dementia, and death
(1-5). With the U.S. population getting older, this problem
of decline in cognitive function is expected to increase in
future, underscoring the need to identify substrates con-
tributing to cognitive decline and strategies to reduce their
impact. Physical disability is one such adverse health con-
dition that may be related to cognitive decline in older per-
sons through neurodegenerative processes. Some studies
have shown a relationship between self-reported physical
disability and cognitive function (6,7), whereas others do
not (8,9). In addition to physical disability, common chronic
health conditions, such as diabetes (10,11) and pulmonary
disease (12-15), and general indicators of demographic and
anthropometric variables, such as education (16—18) and
body mass index (19,20) have been shown to be associated
with late-life cognitive decline.
The relationship between physical disability and cognitive
function is not well established, and understanding this
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association is likely to require a thorough understanding
of the temporal course of change in cognitive function
with respect to the temporal change in physical disability.
Previous research either used a set cutoff point to define
cognitive decline or focused on the relationship between
baseline physical disability and cognitive decline. However,
physical disability is a dynamic process that can be defined
in terms of transitions and progression toward more severe
disability. In this article, we focus on one transition defined
by the onset of physical disability and severity of physical
disability at the time of reported onset.

Many previous studies have been limited in their ability
to study temporal change in cognitive function in terms of
temporal changes in physical disability due the insufficient
longitudinal data. This study examines change in cognitive
function before and after onset of disability in older persons
using data from the Chicago Health and Aging Project (21) to
test the hypothesis that onset of physical disability is associ-
ated with an increased rate of cognitive decline. Participants
were 6,678 older residents of a geographically defined
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neighborhood in Chicago. During a mean of 12.6 years of
observation of participants not disabled at baseline, cogni-
tive function was assessed 2—6 times at 3-year intervals and
their difficulties with activities of daily living (ADL) and
instrumental activities of daily living (IADL) were ascer-
tained at the same time. We used mixed-effects change
point regression models to test the hypothesis that cognitive
decline accelerates after onset of ADL and IADL disability.

METHODS

Participants

The Chicago Health and Aging Project (CHAP) is an ongo-
ing, population-based, longitudinal study of Alzheimer’s
disease and other common health conditions among adults
aged 65 years or older performed from 1993 to 2012. This
study was performed in three adjacent neighborhoods on the
south side of Chicago. The interviews were conducted in the
participants’ homes in approximately 3-year cycles. Study
participants who provided data for at least two cycles of fol-
low-up data collection were included in this investigation.

Data Collection and Measures

Baseline data was collected beginning in 1993 using a sur-
vey that included questions on demographic variables, soci-
oeconomic variables, physical and mental health, disability
measures, and quality of life. The average time from base-
line to first follow up was 3.29 (SD = 0.45) years, from base-
line to second follow up was 6.37 (SD = 0.56) years, from
baseline to third follow up was 9.35 (SD = 0.55) years, from
baseline to fourth follow up was 12.35 (SD = 0.58) years,
from baseline to fifth follow up was 15.32 (§D =0.61) years,
and from baseline to sixth follow up was 18.24 (SD = 0.59)
years. Cognitive function and ADL data were collected at
baseline and all subsequent follow ups. However, IADL
data collection started at the second follow-up interview.

Cognitive Function

Cognitive function was evaluated using a battery of four
tests including two tests of episodic memory (immediate and
delayed recall) derived from the East Boston Test (22,23),
a test of perceptual speed (the Symbol Digits Modalities
Test [24]), and a test of general orientation and global cog-
nition (the Mini-Mental State Examination [25]). Because
tests loaded on a single factor that accounted for about 75%
of the variance in a factor analysis (26), we constructed a
composite measure of global cognitive function based on
all four tests. This measure combines variables with differ-
ent ranges and floor-ceiling effects by averaging the four
tests together after centering and scaling each to their base-
line mean and standard deviation. Thus, a participant whose
composite performance matches the average participant at
baseline has a composite cognitive score of 0, and a person

who performs one SD better than average on every test has
a composite cognitive score of +1.

Physical Disability

This study included two widely used self-reported meas-
ures of self-care tasks. The ADL disability measure focused
on the ability to perform six essential self-care tasks: bath-
ing, dressing, eating, showering, toileting, and getting out of
bed to chair (27). Responses contained three choices: “no
help,” “help,” or “unable to do.” If the study participant could
perform the activity with “no help,” questions were coded as
“0” and the questions with choices of “help” or “unable to
do” were coded as “1.” A summary score was computed by
adding the scores on the six tasks and it ranged from O to 6.

The TADL focused on the ability to perform seven
household tasks: using the phone, shopping for groceries,
preparing meals, housekeeping, laundering, taking medica-
tion, and managing finances (28). Responses contained five
choices: “no difficulty at all,” “a little difficult,” “some dif-
ficulty,” “a lot of difficulty,” and “just unable to do it.” If the
participants could perform the activity with “no difficulty at
all,” questions were coded as “0” and all other choices were
coded as “1.” A summary score was computing by adding
the scores on the seven tasks and it ranged from O to 7.

Covariates

The covariates of gender (males or females); race (blacks
or nonblacks); education (measured in number of years
of schooling completed); and time-varying measures of
body mass index (kg/m?), number of comorbid conditions
(cancer, heart condition, hypertension, stroke, diabetes, and
hip fracture), and depression (Center for Epidemiological
Studies-Depressive symptoms, CES-D [29]) were included
because they might influence the association between
cognitive function and physical disability.

Statistical Analysis

The descriptive measures were computed using mean
and standard deviation for continuous variables and per-
centages for categorical variables. Linear mixed-effects
regression models with onset of physical disability as the
change point were used to study change in cognitive func-
tion (30). Each model allowed the rate of cognitive change
to shift after the onset of disability measures. Random
effects were included for the intercept and slopes to allow
for individual differences in initial level of cognitive func-
tion and rates of predisability and postdisability change.
Each model also included fixed effects for time before dis-
ability (in years since baseline); time after disability; and
age, sex, race, education, depressive symptoms, number
of medical conditions, body mass index, and their inter-
actions with time before and after onset of disability. We
retained only the significant interactions in subsequent
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Table 1. Baseline Characteristics of Participants in a Random Sample of Population Aged 65 Years and Older

ADL IADL
Characteristics Nondisabled Disabled p value Nondisabled Disabled p value
N 6,678 1,078 4,287 2,182
Age (y) 71.7 (5.8) 78.9 (9.0) <.001 72.5 (6.0) 79.1 (8.3) <.001
Education (y) 12.6 (3.4) 10.8 (3.7) <.001 13.1 (3.3) 11.3 (3.5) <.001
Body mass index (kg/m?) 28.1(5.7) 27.1 (7.6) <.001 28.4 (5.5) 27.7(7.3) <.001
Cognitive function 0.36 (.62) -0.71 (1.1) <.001 0.49 (.54) -0.40 (1.1) <.001
Mini-Mental State Examination 27.2 (3.1) 22.3(7.4) <.001 27.7 (2.5) 23.2(6.7) <.001
Immediate recall 8.9(2.3) 6.8 (3.4) <.001 9.3 (2.1) 7.3(3.3) <.001
Delayed recall 8.4 (2.7) 6.0 (3.7) <.001 89(24) 6.5 (3.8) <.001
Symbol digit test 32.1 (13.1) 18.0 (13.6) <.001 34.4 (12.1) 21.1 (13.1) <.001
Gender, % <.001 .003
Female 60.6 73.7 62.2 66.0
Male 394 26.3 37.8 34.0
Race, % .01 .02
Nonblacks 36.4 329 353 322
Blacks 63.6 67.1 64.7 67.7
Depressive symptoms, % <.001 <.001
0-1 80.8 50.6 85.0 56.6
2-3 7.0 12.6 5.6 12.2
4+ 12.2 36.8 9.2 31.1
Chronic diseases, %
Heart disease 11.4 23.2 <.001 10.5 22.7 <.001
Diabetes mellitus 6.3 13.5 <.001 6.3 13.7 <.001
Stroke 6.6 28.5 <.001 6.6 23.2 <.001

Notes: ADL = activities of daily living; IADL = instrumental activities of daily living.

models. We ran separate models for ADL and IADL dis-
ability measures. In addition to the earlier models, we
also looked at the trajectory of cognitive function among
incident disability to evaluate whether the patterns of tem-
poral changes were different from our primary analysis.
As a secondary question, we investigated whether the
onset of ADL disability after the onset of IADL disability
affected the rate of cognitive decline. For this purpose, we
created two regression models: onset of TADL disability
reported before onset of ADL disability and onset of ADL
and TADL disabilities reported at the same interview. We
used an indicator for each onset of disability and included
an interaction with time after onset to study the rate of
decline in cognitive function. All the models were fitted
using SAS software (31).

RESULTS

At the baseline assessment, cognitive function ranged
from —2.68 to 1.73 (mean = 0.36, SD = 0.62). To charac-
terize the change in cognitive function, we used a mixed-
effects regression model that allowed the rate of cognitive
function to shift following initial disability and con-
trolled for the potentially confounding effects of demo-
graphic baseline measures of age, sex, race, education
and time-varying measures of body mass index, number
of chronic medical conditions, and depressive symptoms.
We also performed regression models that accounted for
the number of limitations at initial disability to see if the

decline was faster depending on the number of limitations
reported.

Activities of Daily Living

The analytic sample for the primary ADL analysis con-
sists of participants who reported no ADL disability at base-
line. At baseline, the nondisabled sample was significantly
younger; more educated, had higher body mass index, and
higher cognitive function; and were more likely to be white
and male than those excluded due to disability (Table 1).
Those in the analytic sample also reported fewer depres-
sive symptoms and chronic health conditions such as hyper-
tension, diabetes mellitus, and stroke. During a mean of
12.6 years of observation, 2,450 of 6,678 persons (37%)
reported an onset of ADL disability. The onset of ADL dis-
ability occurred at a mean of 7.1 (SD = 4.1) years after first
assessment. The mean follow-up time after the onset of
ADL disability was 4.6 (SD = 2.4) years.

As shown in Table 2, the composite measure of global
cognition declined a mean of 0.048 unit per year prior to
disability and in those never disabled with ADL. Following
ADL disability, the rate accelerated by 0.076 unit per year,
a more than 158% increase relative to aging-related cogni-
tive decline. This effect is shown in Figure 1A for a person
with ADL disability in year 4 (dashed line) compared with
a person not disabled (solid line).

Older age was associated with lower level of cognition
at baseline and more rapid decline before and after ADL
disability. In addition, males had a more rapid decline after



COGNITIVE DECLINE AND PHYSICAL DISABILITY 627

Table 2. Annual Rate of Change in Global Cognitive Function
After Activities of Daily Living (ADL) Disability Measure

Model 17 Model 2*

Model Term Estimate (SE)  Estimate (SE)

—0.048 (.002) —0.048 (.002)*
—0.003 (.001)¢  —0.003 (.001)*
—0.076 (.008)¢  —0.038 (.007)*

Time since baseline
Time since baseline x age
Time since disability

Time since disability x age —0.006 (.001)*

Time since disability x male —0.021 (.008)" —0.020 (.008)!
Time since disability x limitations —0.038 (.005)%
Time since disability x limitations x age —0.002 (.0005)*
Time since disability x limitations x black 0.019 (.006)"
Age —0.026 (.002)* —0.026 (.002)%
Male —0.115 (.024)5  —0.116 (.024)¢
Black —0.347 (.028)°  —0.344 (.028)¢
Education 0.069 (.003)"  0.069 (.003)*
Depression —0.009 (.005)F —0.009 (.005)*

0.013 (.002)°  0.013 (.002)
~0.039 (.009)° —0.037 (.009)*
0.272 (032)°  0.272 (.032)¢

Body mass index
Comorbid conditions
Intercept

Notes: "Association between rate of cognitive decline and time since
disability.

*Association between rate of cognitive decline, time since disability, and
number of limitations.

Sp <.001,"p < .01, 1p < .05.

ADL disability than females. Following ADL disability, the
rate accelerated by 0.021 unit per year for males relative
to females. We also found that depressive symptoms were
associated with decline in cognitive function before ADL
disability but did not change the rate of decline in cognitive
function after disability.

A larger number of limitations reported at the time of
onset of ADL disability were associated with a more rapid
decline in cognitive function. At the time of ADL disability,
the rate accelerated by 0.038 unit per year for each limita-
tion. This effect is shown in Figure 2A for a person with
no limitation (solid line), one limitation (10th percentile,
dashed line), and three limitations (90th percentile, dot-
ted line). Number of limitations accelerated decline more
among black participants than white participants. Number
of limitations also accelerated decline more at older ages
than younger ages.

As part of our secondary analyses, we looked at the rate of
decline in cognitive function only among those who reported
onset of ADL disability. The composite measure of global
cognition declined a mean of 0.065 unit per year prior to
disability. Following ADL disability, the rate accelerated by
0.058 unit per year, a more than 89% increase relative to
decline before onset. Older age and males were still associ-
ated with more rapid decline in cognitive function. At the
time of ADL disability, the rate accelerated by 0.017 unit per
year for each additional limitation (data not shown).

Instrumental Activities of Daily Living
The analytic sample for IADL consisted of those with
no TADL disability at the second follow-up interview. The

onset of IADL disability occurred at 4.8 (SD = 2.6) years
after first assessment, respectively. The average follow-up
time was 3.8 (SD = 2.6) years after the reported onset of
TADL disability. Those who developed disability were older
and less educated and had lower baseline levels of cognitive
function and depression than those who did not develop any
disability (data not shown).

As shown in Table 3, the composite measure of global
cognition declined a mean of 0.047 unit per year prior to
disability and in those never disabled with IADL. Following
TADL disability, the rate accelerated by 0.054 unit per year,
amore than 115% increase relative to decline prior to [ADL
disability. This effect is shown in Figure 1B for a person
with IADL disability in year 4 (dashed line) compared with
a person not disabled (solid line).

Older age was associated with lower level of cognition
at baseline and more rapid decline before and after IADL
disability. Sex, education, race, medical conditions, depres-
sive symptoms, and body mass index were related to level
of cognitive function but not to change before or after [JADL
disability (data not shown). The number of limitations
reported at the time of onset of IADL disability was associ-
ated with faster decline in cognitive function. At the time of
TADL disability, the rate accelerated by 0.017 unit per year
for each limitation. This effect is shown in Figure 2B for a
person with no limitation (solid line), one limitation (10th
percentile, dashed line), and four limitations (90th percen-
tile, dotted line). In addition, number of limitations accel-
erated decline more among black participants than white
participants.

We also looked at the rate of decline in cognitive func-
tion only among those who reported onset of IADL disabil-
ity. The composite measure of global cognition declined a
mean of 0.048 unit per year prior to disability. Following
TADL disability, the rate accelerated by 0.034 unit per year,
a more than 89% increase relative to aging-related cogni-
tive decline. Older age and male gender were still associ-
ated with more rapid decline in cognitive function. The rate
accelerated by 0.017 unit per year for each additional limi-
tation at the time of onset (data not shown).

ADL Disability Following IADL Disability

In this sample, 552 (12.5%) participants reported IADL
disability before ADL disability and 485 (10.9%) reported
both ADL and TADL at the same interview. The rate of
cognitive decline among participants who reported IADL
before or at the same interview as ADL was 0.040 unit per
year. Following IADL disability, the rate accelerated by
0.040 unit per year, about 100% increase relative to decline
before onset. This rate of cognitive decline accelerated
further by 0.023 following ADL disability, about 58%
increase relative to decline before IADL disability. In
addition, when participants reported ADL and IADL
disability at the same time, the rate of cognitive function
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Figure 1. Change in cognitive function among nondisabled and those disabled at fourth year of observation. (A) Activities of daily living (ADL) disability.

(B) Instrumental activities of daily living (IADL) disability.
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Figure 2. Change in cognitive function among those with no limitations and those with disability at fourth year of observation with onset in 10th percentile
(activities of daily living [ADL] = 1 and instrumental activities of daily living [IADL] = 1) and 90th percentile (ADL = 3, IADL = 4). (A) ADL disability. (B) IADL

disability.

accelerated by 0.061, which turns out to be 153% increase
in the rate of cognitive decline. Also, the sum of the rates
of decline from the two previous models adds up to the

combined model. This might lead us to believe that ADL
and TADL independently increase the rate of cognitive
decline in older persons.
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Table 3. Annual Rate of Change in Global Cognitive Function After
Instrumental Activities of Daily Living (IADL) Disability Measure

Model 17 Model 2*

Model Term Estimate (SE)  Estimate (SE)

—0.047 (.003)¢  —0.044 (.003)*
—0.003 (.0004)¢ —0.003 (.0004)"
—0.054 (.006)¢ —0.027 (.007)}
~0.002 (.001)"  —0.002 (.001)!

Time since baseline

Time since baseline x age
Time since disability

Time since disability x age

Time since disability x limitations —-0.017 (.003))*
Time since disability x limitations x black 0.010 (.004)"
Age ~0.047 (.003)  —0.020 (.002)¢
Male —0.091 (.014)5 —0.091 (.014)
Black -0.312 (.016)* -0.307 (.016)"
Education 0.051 (.002)*  0.050 (.002)*
Depression —0.021 (.004)%  —0.020 (.004)*
Body mass index 0.007 (001 .007 (.001)*
Comorbid conditions —0.017 (.006)* —0.016 (.007)*
Intercept 0.416 (.038)"  0.411 (.038)"

"Association between rate of cognitive decline and time since disability.

*Association between rate of cognitive decline, time since disability, and
number of limitations.

$p <.001,"p < .01, and 'p < .05.

DiscussIoN

As part of a longitudinal population-based study, change
in cognitive function was assessed in older people before
and after onset of disability. During a mean of more than
9 years of observation, 37% of the participants developed at
least one ADL limitation and 48% developed IADL limita-
tions. The cognitive function declined by 158% after onset
of ADL disability and 115% after IADL disability onset.
These findings persisted after controlling for demographic
variables, chronic health conditions, and depression. The
results support the hypothesis that disability in old age is
associated with accelerated cognitive decline.

Onset of ADL and IADL disabilities represent the impact
of age-related comorbid conditions that can affect a person’s
ability to maintain an independent lifestyle. The ability of
older persons to function independently depends on their
ability to perform certain physical and cognitive functions.
Basic and instrumental ADLs have a significant cognitive
component in addition to a physical component that might
be a strong predictor of future cognitive decline. Therefore,
it is possible that basic and instrumental ADLs act as a sub-
strate that accelerates cognitive decline from the existence
of neurodegenerative processes. Therefore, understanding
the relationship between physical and cognitive function
can provide us with better mechanisms for preventing cog-
nitive decline in older adults.

The association between self-reported disability and
cognitive decline has not been extensively investigated.
One population-based study of 365 older persons found
that physical disability was associated with cognitive
decline after a 2-year follow up (6), consistent with the
results of this study. Yet decline was estimated from two

measurement points, making it difficult to distinguish
from level of function or to know whether it preceded or
followed disability. Another population-based study found
that physical disability was not associated with future cog-
nitive decline (9). However, their study did not use a global
standardized cognitive function and censored older per-
sons who performed poorly and were susceptible to floor
effects. Also, their power to detect an association between
physical disability and cognitive decline was limited pos-
sibly due to insufficient postdisability data and inclusions
of prevalent cases with incident cases. Therefore, we
believe that these studies may not have been sufficient to
securely estimate the relation of physical disability to cog-
nitive decline.

In essence, the findings of this research result from the
strengths of the study design. Participants were drawn
from a geographically defined population making it likely
that a broad spectrum of disability and paths of cognitive
change were represented and that results were generaliz-
able. Cognition was assessed with four well-known scales
and measured on three—six occasions with good participa-
tion in follow up. This made it possible to precisely estimate
person-specific rate of change in cognitive function related
to onset of disability.

Limitations

The main limitation is the length of time between cog-
nitive tests. A 3-year interval in cognitive tests limited our
ability to track short-term changes in cognition around the
time of physical disability. Also, participants had to survive
at least 6 years from the first assessment to be included in
analyses. In terms of physical disability, we only looked at
two aspects, namely, onset of physical disability and num-
ber of physical disabilities at onset. However, other aspects
of physical disability such as faster progression or recovery
from disability can also impact the rate of cognitive decline
in older adults. These factors may have led us to underesti-
mate the rate of change in cognitive decline associated with
physical disability.

Conclusions

In conclusion, we found that onset of physical disability
and number of physical disabilities at onset was associated
with rate of decline in cognitive function. The trajectories
of cognitive decline before and after physical disability
showed significant differences in older persons. The
findings of this research suggest that physical disability
is an important risk factor that affects the future cognitive
decline in older persons. Therefore, minimizing the risk of
physical disability may also minimize the risk of cognitive
decline in older age.
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