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Background.  Disability is associated with depression in older persons, yet the effect of disability burden on the likeli-
hood of being depressed is uncertain.

Methods.  A total of 754 community-living persons, aged ≥70, underwent monthly assessments in four essential activ-
ities of daily living and assessments of depression (yes/no) every 18 months for up to 108 months. Within each 18-month 
person-interval, participants’ disability burden was operationalized as none or any, and according to severity (none, mild, 
or severe) and chronicity (none, nonchronic, or chronic) given the highest level of severity or chronicity experienced 
during a given 18-month interval, respectively. A variable combining severity and chronicity (none, nonchronic mild, 
nonchronic severe, chronic–mild, or chronic–severe) was also created. Using generalized estimating equations, we evalu-
ated the association between each indicator of disability burden and subsequent depression.

Results.  Participants who had any versus no disability during the previous 18 months were 65% more likely to 
experience subsequent depression (OR = 1.65; 95% confidence interval [CI] 1.34, 2.02). Quantifying severity (mild 
disability vs. none, OR = 1.43; 95% CI: 1.15, 1.79; severe disability vs. none, OR = 2.07; 95% CI 1.56, 2.74) and 
chronicity (nonchronic disability vs. none, OR = 1.44; 95% CI 1.13, 1.83; chronic disability vs. none, OR = 1.96; 
95% CI 1.50, 2.55) indicated increasingly stronger associations with subsequent depression, with the highest likeli-
hood of subsequent depression (OR = 2.42; 95% CI 1.78, 3.30) observed among participants with chronic–severe 
disability.

Conclusions.  Quantifying the magnitude of disability burden, particularly on the basis of severity and chronicity, 
provides additional information regarding the likelihood of experiencing subsequent depression among older persons.
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Depression and disability in activities of daily 
living (ADLs) are important clinical and public health 

problems in older persons. Both conditions are common 
and associated with substantial morbidity, increased use 
of health care services, and higher mortality risk (1–5). 
These conditions also are inextricably linked, with studies 
supporting each as a risk factor for the other; although, 
some research points to a stronger influence of disability on 
subsequent depression than that of depression on disability 
(6,7). These robust, and likely mutually reinforcing 
relationships, are grounded in theory. For example, stress 
theory asserts that disruption of body systems, ie, altered 
homeostasis, resulting from new disability or the ongoing 
psychological and physical stress of chronic disability, 
may lead to depression, and it also suggests that depressive 
symptoms, such as anhedonia, indirectly lead to disability 

through altered neural, hormonal, and immunologic 
functions (8,9).

Several prior studies have found that disability is associ-
ated with depression. However, it remains uncertain as to 
whether the likelihood of experiencing depression is simi-
lar regardless of disability burden. The burden of disabil-
ity, both across and within older persons, is highly variable 
in terms of severity and chronicity (10,11). Yet, in prior 
studies, disability has primarily been defined as present or 
absent regardless of severity (6,12), and infrequent assess-
ments of disability have precluded assessments of chron-
icity over time (6,13,14). Consequently, research is needed 
to broaden the understanding of the overall impact of dis-
ability burden on subsequent depression.

The objective of this prospective study was to determine 
whether, and to what extent, different indicators of disability 
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burden are associated with the likelihood of experiencing 
depression in older persons. To achieve our objective, we 
used data from a unique cohort of older persons who had 
monthly assessments of disability for 9 years and up to six 
assessments of depression at 18-month intervals. We esti-
mated the effect of disability burden, operationalized on the 
basis of severity and chronicity, on older persons’ likeli-
hood of subsequent depression.

Methods

Sample
Participants were members of the Precipitating Events 

Project (PEP), a longitudinal study of 754 nondisabled, 
community-living persons aged 70 years or older (15). The 
assembly of the cohort has been described in detail else-
where (15). Briefly, potential participants were identified 
from 3,157 age-eligible members of a health plan in New 
Haven, Connecticut. The primary inclusion criteria were 
English-speaking and requiring no personal assistance with 
four essential ADLs—bathing, dressing, transferring from a 
chair, and walking across a room. The participation rate was 
75.2% (15). The Human Investigation Committees at Yale 
University and the University of Connecticut Health Center 
approved the study.

Data Collection
Comprehensive home-based assessments were completed 

at baseline and subsequently at 18-month intervals for up to 
108 months. Monthly telephone interviews were also com-
pleted during this time. Deaths were ascertained by review 
of local obituaries and/or from an informant during a sub-
sequent telephone interview. A total of 405 (53.7%) partici-
pants died after a median follow-up of 68 months, whereas 
35 (4.6%) dropped out of the study after a median follow-up 
of 24  months. Data were otherwise available for approxi-
mately 98% of the 62,107 monthly telephone interviews.

During each of the comprehensive assessments, data 
were collected on several important clinical factors. Medical 
comorbidity was ascertained based on a count of up to nine 
self-reported, physician-diagnosed chronic medical con-
ditions: hypertension, myocardial infarction, congestive 
heart failure, stroke, diabetes mellitus, arthritis, hip frac-
ture, chronic lung disease, and cancer. Cognitive status was 
assessed by the Folstein Mini-Mental State Examination 
(MMSE [16]), where MMSE scores range from 0 to 30, 
with higher scores representing better cognitive status. 
Physical activity was assessed by the Physical Activity 
Scale for the Elderly (PASE), where PASE scores range 
from 0 to 400 (17). The use of antidepressant medication(s) 
was ascertained by review of all pill bottles or a medica-
tion list. If a list was unavailable, participants were asked to 
recall medications they had taken during the prior 2 weeks. 

All medications, but not the doses or dosing schedule, 
were recorded and antidepressant medications were subse-
quently coded based on the American Hospital Formulary 
system code 28.16.04. Trazodone and Amitriptyline were 
not coded as antidepressants because they are commonly 
used for other indications, including sleep and pain (18,19). 
The amount of missing data for the aforementioned vari-
ables was less than 1% in the baseline assessment and less 
than 5% in all subsequent assessments.

Assessment of depressive symptoms.—During each of 
the comprehensive assessments, the frequency of depres-
sive symptoms in the previous week was assessed with 
the 11-item Center for Epidemiologic Studies-Depression 
(CES-D) scale (20). As reported previously (21–23), scores 
were transformed to be compatible with the 20-item scale 
(24), and participants scoring ≥20 were considered to have 
“clinically significant depressive symptoms” or “depres-
sion.” Data on depression were complete for 100% of the 
participants at baseline and 95%, 93%, 91%, 90%, 89%, 
and 88% of the nondecedents at 18, 36, 54, 72, 90, and 
108 months, respectively.

Assessment and operationalization of disability.—
Disability in the four essential ADL tasks was assessed 
during the monthly telephone interviews. Complete details 
regarding the monthly interviews, including formal tests 
of reliability and accuracy, have been previously described 
(25). Participants who needed help from another person 
or were unable to complete an ADL task were considered 
disabled in that ADL. Disability was then classified each 
month as none, mild, and severe (ie, disabled in 0, 1–2, or 
3–4 ADLs, respectively [11]). The small amount of missing 
monthly data on disability was imputed using methods 
described previously (23). We then operationalized 
disability burden for each participant within each 18-month 
person-interval (eg, 0–18 months, 18–36 months, etc.) on 
the basis of severity and chronicity. First, a dichotomous 0/1 
variable was created to indicate presence of no disability or 
any disability during each interval. Then, participants with 
any disability were coded as having either mild or severe 
disability burden according to the highest level of disability 
experienced during a given 18-month interval. A three-level 
categorical variable was subsequently created to indicate 
if participants had no, mild, or severe disability during 
each respective interval. For example, a participant who 
experienced both mild and severe disability between 18 and 
36 months would be coded as having severe disability during 
that interval. Participants with any disability were also 
coded according to whether or not they experienced chronic 
disability in a given interval, where chronic disability was 
considered as experiencing at least 3 consecutive months 
of disability. A  three-level categorical variable was then 
created to indicate if participants had no, nonchronic, or 
chronic disability during each respective interval. Finally, 
we created a five-level categorical variable using both the 
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severity and chronicity data to indicate if participants had 
no, nonchronic mild, nonchronic severe, chronic–mild, or 
chronic–severe disability during each respective interval. 
We also operationalized each of these variables using only 
the 6 months immediately preceding the 18, 36, 54, 72, 90, 
and 108-month depression assessments.

Statistical Analysis
Because we were interested in the effect of disability bur-

den on subsequent depression, depression as an outcome 
was derived from the 18, 36, 54, 72, 90, and 108-month 
face-to-face interviews. Consequently, our analytic sample 
included the 685 (90.8%) PEP participants who completed 
a depression assessment at any of these time points. These 
685 participants contributed a total of 3,036 person-intervals 
of 18 months each over the study period. The baseline char-
acteristics of the 685 participants in the analytic sample 
did not differ from those of the 69 participants who died 
(n = 48) before the 18-month follow-up assessment or those 
who had no depression data at any of the comprehensive 
assessments (n = 21), with the exception of age. The par-
ticipants in the analytic sample were younger than those not 
included in the sample (p < .001).

We determined the baseline characteristics of the analytic 
sample using descriptive statistics. Within each 18-month 
interval, we used chi-square tests to evaluate the unadjusted 
association between any (vs. no) disability and depression 
at the end of that interval. These analyses were run sepa-
rately for participants who did and did not have depression 
at the beginning of the respective interval. To evaluate this 
association across the entire study period, we first strati-
fied the data according to person-intervals where partici-
pants were nondepressed (n  =  2,517 person-intervals) or 
depressed (n  =  519 person-intervals) at the beginning of 
each interval, respectively. Within these nondepressed and 
depressed groups, we used chi-square statistics to determine 
if the percentage of person-intervals ending in depression 
differed between participants who had any disability versus 
no disability. These analyses did not account for potential 
within-subject correlation over time. We used similar proce-
dures to evaluate the association between disability severity 
(mild vs. no disability; severe vs. no disability), chronicity 
(nonchronic vs. no disability; chronic vs. no disability), and 
severity-chronicity (nonchronic mild; nonchronic severe; 
chronic mild; and chronic severe vs. no disability) and sub-
sequent depression, respectively. Generalized estimating 
equations with the exchangeable correlation structure were 
then used to determine the longitudinal association between 
each indicator of disability burden and subsequent depres-
sion. For the multivariable models, the covariates included 
demographic characteristics, number of chronic conditions, 
MMSE score, physical activity score, and antidepressant 
use. Furthermore, because participants were still at risk 
of remaining depressed once they became depressed, we 

did not exclude participants from the analyses who were 
depressed at baseline (n  =  86) or who developed depres-
sion during the study. Rather, the analyses included a vari-
able that controlled for participants’ depression status at 
the beginning of each 18-month interval. Adjusted odds 
ratios specifying the association between the indicators of 
disability burden and subsequent depression were derived 
based on quasi-likelihood estimates and z-tests were used 
to evaluate statistical significance. Quasi-likelihood under 
the Independence Model Criterion statistics were used to 
evaluate model fit. These multivariable analyses were rerun 
using the indicators of disability burden as operationalized 
within the 6  months immediately prior to the depression 
assessment.

All statistical tests were two-tailed with p < .05 indicat-
ing significance, and all analyses were performed using 
SAS version 9.1.

Results
Table 1 provides the baseline characteristics of the ana-

lytic sample. Participants had an average age of 78 years, 
approximately two thirds were women, and most were 
white. Participants were generally healthy at baseline with 
an average of less than two chronic conditions and high 
MMSE and physical activity scores. About 10% of the 
participants were taking an antidepressant medication, and 
about 12% were depressed (ie, CES-D ≥ 20).

A total of 388 (51.3%) participants were disabled at 
some point during the 9-year study period. Between 
baseline and 18  months, 207 (30.3%) participants 
experienced disability. During the five subsequent 
intervals, 237 (35.0%), 279 (44.5%), 277 (49.6%), 264 
(52.6%), and 250 (55.3%) participants experienced 
disability, respectively. Figure 1 illustrates the association 
between each indicator of disability burden and 
subsequent depression among all person-intervals across 
the 9-year study period, stratified according to whether 
or not participants were nondepressed (n = 2,517 person-
intervals) or depressed (n = 519 person-intervals) at the 

Table 1.  Baseline Characteristics of the Analytic Sample

Characteristic N = 685

Age, M (SD) 78.2 (5.1)
Women, n (%)  445 (64.9)
Whites, n (%)  681 (89.8)
Years of education, M (SD) 12.0 (2.9)
Number of chronic conditions, M (SD)   1.8 (1.2)
Cognitive status score, M (SD)* 26.8 (2.4)
Physical activity score, M (SD)† 92.3 (57.8)
Antidepressant medication use, n (%)    73 (10.6)
Depressed, n (%)‡    86 (12.6)

*Assessed with the Mini-Mental State Examination.
†Assessed with the Physical Activity Scale for the Elderly.
‡Determined using the Center for Epidemiological Studies-Depression 
Scale where depressed is a score of ≥20.
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beginning of each person-interval. Panel A  indicates 
that within both nondepressed and depressed groups, the 
percentage of person-intervals where participants were 
depressed at the end of the interval was significantly 
higher among the person-intervals where participants 
experienced any disability compared with no disability (p 
< .001). Panels B and C show that within both nondepressed 
and depressed groups, the percentage of person-intervals 
where participants were depressed at the end of the 
interval increases with increasing severity (Panel B; p for 
trend <.001), and for those with nonchronic and chronic 
disability compared with no disability, respectively (Panel 
C; p for trend <.001). Finally, Panel D indicates that 
within the nondepressed group, the percentage of person-
intervals where participants were depressed at the end of 
the interval increases with increasing disability burden (p 
for trend <.001). In the depressed group, the percentage 
of person-intervals where participants were depressed 
at the end of the interval increases with increasing 
disability burden (p for trend <.001), with the exception 

of person-intervals where participants experienced 
nonchronic severe disability and chronic mild disability.

Table 2 presents the results of the multivariable longitu-
dinal models where disability burden was operationalized 
as any versus none and in terms of severity, chronicity, and 
severity-chronicity. On average, compared with participants 
who experienced no disability, participants with any disa-
bility were approximately 65% more likely to experience 
subsequent depression (OR  =  1.65; 95% CI 1.34, 2.02). 
Operationalizing disability burden according to severity 
(mild disability vs. none OR  =  1.43; 95% CI 1.15, 1.79; 
severe disability vs. none OR = 2.07; 95% CI 1.56, 2.74) 
and chronicity (nonchronic disability vs. none OR = 1.44; 
95% CI 1.13, 1.83; chronic disability vs. none OR = 1.96; 
95% CI 1.50, 2.55) revealed increasingly stronger asso-
ciations with subsequent depression as disability burden 
increased. When severity and chronicity were considered 
jointly, there was little difference in the likelihood of sub-
sequent depression for comparisons between no disabil-
ity and nonchronic mild, nonchronic severe, and chronic 

Figure 1.  The association between indicators of disability burden and subsequent depression. Panels A, B, C, and D are stratified by person-intervals where 
participants were nondepressed (n = 2,517) or depressed (n = 517) at the beginning of each person-interval. Panel A: Percentage of person-intervals where partici-
pants experienced subsequent depression among those with any vs. no disability. Panel B: Percentage of person-intervals where participants experienced subsequent 
depression among those with no, mild, and severe disability. Panel C: Percentage of person-intervals where participants experienced subsequent depression among 
those with no, nonchronic, and chronic disability. Panel D: Percentage of person-intervals where participants experienced subsequent depression among those with 
no, nonchronic mild, nonchronic severe, chronic–mild, and chronic–severe disability.*Number of person-intervals within each category where participants are non-
depressed and depressed at the beginning of the interval, respectively.



290	 BARRY ET AL.

mild disability, respectively, with odds ratios ranging from 
approximately 1.3–1.5. In contrast, compared with partici-
pants having no disability, the odds of experiencing depres-
sion were more than 2.4 times as high among those having 
chronic–severe disability. Findings were similar when these 
models were run while restricting each indicator of dis-
ability burden to the 6 months immediately preceding the 
depression assessment.

Discussion
In this longitudinal study, which included monthly assess-

ments of disability and repeated assessments of depression, 
we evaluated the association between various indicators of 
disability burden and subsequent depression in older per-
sons over a period of 9 years. We confirmed that disability 
is a salient risk factor for depression in older persons. More 
importantly, we found that quantifying the magnitude of 
older persons’ disability burden, particularly on the basis 
of severity and chronicity, offers additional information 
for estimating the likelihood of experiencing subsequent 
depression relative to the usual procedure of categorizing 
disability as simply absent or present.

Whereas disability in older persons had historically been 
conceptualized as a progressive condition (4), it is now 
widely accepted that disability in this population is highly 
dynamic and heterogenous (26). Despite this knowledge, 
wide time intervals (eg, 5 years) between disability assess-
ments (6,14) or the evaluation of disability at only one time 
point (13,27,28) previously made it impossible to determine 

if the likelihood of being depressed increases with worsen-
ing severity of disability or differs between those with non-
chronic versus chronic disability. This “snapshot” approach 
to assessing disability likely underestimates those with dis-
ability (4) and precludes assessment of chronicity. In con-
trast, the monthly assessments in this study optimized the 
likelihood of accurately ascertaining participants’ highest 
level of disability severity within each 18-month interval 
and enabled us to distinguish between those who experi-
enced nonchronic versus chronic disability.

We found that severe disability and chronic 
disability each had a strong, independent association 
with subsequent depression. However, because study 
participants experienced nonchronic severe disability 
and chronic mild disability in only 3.5% and 7.7% of the 
total person-intervals, respectively, it is likely that these 
aforementioned associations were driven by participants 
who experienced chronic–severe disability. When the 
five-category disability burden variable was evaluated, 
the addition of chronicity in those with severe disability 
substantially increased the likelihood of depression but had 
no additive effect on the association between mild disability 
and depression. The absence of a significant association 
between nonchronic severe disability and subsequent 
depression is likely attributable to the small number of 
person-intervals where participants experienced nonchronic 
severe disability. Based on our findings, older persons with 
chronic–severe disability may be at particularly high risk of 
depression, highlighting the potential clinical importance of 
assessing disability burden on the basis of both severity and 
chronicity.

Older persons have been found to move into and out of 
depressed and nondepressed states over time (21,22). The 
repeated assessments of depression over six time intervals 
in this study likely enabled us to classify participants as 
depressed who may otherwise have been misclassified 
as nondepressed had only one follow-up assessment of 
depression occurred, as has been done previously (13,28). 
Furthermore, failure to include those with prior depression 
in the analyses, who are still at risk of being depressed, 
may consequently provide a biased effect of disability 
burden on subsequent depression and would likely under-
estimate the true effect of disability burden on depression. 
We found that regardless of the absence or presence of 
depression at the beginning of each person-interval, the 
percentage of participants who were depressed at the end 
of each 18-month interval was significantly higher among 
those who experienced any versus no disability during the 
respective interval. Similar results were observed as dis-
ability burden worsened based on severity, chronicity, and 
severity–chronicity. In multivariable analyses, disabil-
ity was strongly associated with experiencing depression 
at the end of each interval, even after adjusting for the 
absence or presence of depression at the beginning of each 
person-interval. Consequently, our findings demonstrate 

Table 2.  The Association Between Indicators of Disability Burden 
and Subsequent Depression Over 108 Months*,†

Disability Burden Odds Ratio 95% Confidence Interval p-Value

Any disability
  None 1.00 — —
  Any 1.65 1.34, 2.02 <0.001
Severity
  None 1.00 —
  Mild 1.43 1.15, 1.79   0.002
  Severe 2.07 1.56, 2.74 <0.001
Chronicity
  None 1.00 — —
  Nonchronic 1.44 1.13, 1.83   0.004
  Chronic 1.96 1.50, 2.55 <0.001
Severity–chronicity
  None 1.0 — —
  Nonchronic mild 1.47 1.14, 1.90 0.003
  Nonchronic severe 1.31 0.78, 2.21 0.30
  Chronic mild 1.43 1.02, 2.00 0.04
  Chronic severe 2.42 1.78, 3.30 <0.001

*Adjusted for age, sex, race, education, number of chronic conditions, 
cognitive status score, physical activity score, antidepressant medication use, 
and depression (CES-D score of ≥20) at the beginning of each 18-month 
interval.

†Quasi-likelihood under the independence model criterion statistics were 
2,553.4; 2,552.4; 2,557.6; and 2,555.7 for the any, severity, chronicity, and 
severity-chronicity models, respectively, and indicate comparable fit across all 
models.
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that the relationship between disability burden and sub-
sequent depression is not driven solely by whether or not 
participants had prior depression.

There are several limitations to this study that warrant 
comment. Had we known the prevalence of disability 
in the 18  months prior to baseline, the 30% increase in 
the prevalence of disability between baseline (where all 
participants were nondisabled) and 18 months would likely 
not have been as sharp. In addition, competing mortality 
may also have lowered the disability rate over time, thereby 
accounting for the increasingly smaller differences in the 
prevalence of disability from one interval to the next. We 
were unable to confirm clinical depression using the CES-D. 
However, the cutpoint of 20 or more on this instrument not 
only increases the likelihood of identifying older persons with 
major depression (29), but is also very useful for identifying 
subsyndromal depression, ie, depressive symptomatology 
that is clinically meaningful given its strong association 
with negative health outcomes (30,31). Using the cutpoint 
of 20 or more, nearly 13% of the sample in this study was 
depressed at baseline, a rate somewhat higher than that 
reported in other studies using a cutpoint of 20 or more on 
the CES-D (32,33). The difference may be explained by 
the higher mean age, more racially diverse population, or 
larger proportion of females in our sample relative to the 
samples in prior studies. The discrepancy may be further 
explained by prior studies’ exclusion of those with mobility 
disability at baseline (32) or exclusion of participants who 
died during the follow-up period from the analyses (33). 
We used an analytic approach to ensure that disability 
burden temporally preceded depression. However, because 
depression was only measured at 18-month intervals, it is 
possible that depression could have started earlier within 
any given interval, subsequently leading to disability. 
Although we adjusted for antidepressant use, information 
regarding the dose, dosing schedule, adherence, indication, 
and start of treatment was not available. Finally, because 
our study participants were members of a single health plan, 
initially nondisabled, and at least aged 70 years at baseline, 
the generalizability of our findings to other older adult 
populations may be questioned. However, the demographic 
characteristics of our study population, including years of 
education, closely mirror those of persons aged 70 years or 
older in New Haven County, Connecticut, which, in turn, 
are comparable to those in the United States as a whole, 
with the exception of race. New Haven County has more 
non-Hispanic whites in this age group than in the United 
States (91% vs. 84%). Furthermore, generalizability 
depends not only on the characteristics of the study 
population but also on its stability over time (34).

Our findings complement prior research evaluat-
ing the relationship between disability and depression. 
Furthermore, our findings emphasize that assessing either 
severity or chronicity of disability may be less useful in 
estimating risk of subsequent depression than may be a 

joint assessment of both types of disability burden. Future 
work is needed to identify the underlying physiological 
mechanisms that drive the relationship between disability 
and depression in older persons and to determine if these 
mechanisms differ according to burden of disability.
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