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Abstract
OBJECTIVES—To determine the association between depression and functional recovery
among community-living older persons who had a decline in function after an acute hospital
admission.

DESIGN—Prospective cohort study.

SETTING—General community in greater New Haven, Connecticut, from March 1998 to
December 2008.
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PARTICIPANTS—Seven-hundred fifty four persons, aged 70 years or older.

MEASUREMENTS—Hospitalization and disability in essential activities of daily living (ADLs)
and mobility were assessed each month for up to 129 months, and depressive symptoms were
assessed every 18 months using the Center for Epidemiologic Studies of Depression (CES-D)
Scale. Functional recovery was defined as returning to the community within 6 months at or above
the pre-hospital level of ADL function and mobility, respectively.

RESULTS—A decline in ADL function and mobility was observed following 42% and 41% of
the hospitalizations, respectively. After controlling for several potential confounders, clinically
significant depressive symptoms (CES-D ≥20) was associated with a lower likelihood of
recovering mobility function (HR= 0.79; 95%CI 0.63, 0.98), but not ADL function (HR= 0.91;
95%CI 0.75, 1.10), within 6 months of hospitalization.

CONCLUSION—Following a disabling hospitalization among community-living older persons,
those with pre-existing depression may be less likely to recover their pre-hospitalization level of
mobility function, but not ADL function. Yet, the reasons remain to be elucidated.
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Depression; hospitalization; functional decline; recovery

OBJECTIVE
An estimated 8% to 20% of older persons living in the community experience clinically
significant depressive symptoms, often referred to as depression.1 Prior research indicates
that depression is associated with an increased risk of functional disability following
hospitalization in this population.2, 3 However, far less is known about the role of depression
on recovery of function after an acute hospital admission, with the exception of recovery
from catastrophic events, such as stroke4 or hip fracture.5

Previous studies evaluating this association have primarily focused on recovery of activities
of daily living (ADLs).2, 6, 7 Results from these studies are mixed, with one study finding no
association between depression and recovery of ADL function6 and the others indicating
that depressed persons were less likely to recover ADL function. These studies are limited,
however, in that they were unable to assess functional status immediately before and after
hospitalization,2, 6, 7 included women only,6 or did not account for the competing risk of
death.2, 6, 7 Furthermore, although disability in mobility occurs frequently following
hospitalization,8 the association between depression and recovery of mobility function in
this setting has not been previously evaluated.

The objective of this prospective cohort study was to determine the association between
depression and functional recovery among community-living older persons who had a
decline in function after an acute hospital admission (i.e., a disabling hospitalization). We
hypothesized that depression would be associated with a lower likelihood of recovering
ADL function and mobility function following hospitalization. To test this hypothesis, we
used data from a unique cohort of older persons who had monthly assessments of
hospitalization and disability in essential ADLs and mobility together with assessments of
depressive symptoms every 18 months for more than ten years. Elucidating the relationship
between depression, a condition amenable to both pharmacologic and non-pharmacologic
treatment, and recovery of functional outcomes following hospitalization could inform
clinical decision-making and help improve the likelihood of recovery in this vulnerable
population.
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METHODS
Study Population

Participants were members of the Precipitating Events Project (PEP), a longitudinal study of
754 initially non-disabled, community-living persons aged 70 years or older.9 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 bathing, dressing, transferring from a chair, and walking across a room. The
participation rate was 75.2%.9 The Human Investigation Committee at Yale University
approved the study.

Data collection
Between March 23, 1998 and December 31, 2008, comprehensive face-to-face assessments
were completed at baseline and subsequently at 18-month intervals for 108 months, while
telephone interviews were completed monthly for up to 129 months. Deaths were
ascertained from the local obituaries and/or from an informant during a subsequent
telephone interview. Four hundred and five (53.7%) participants died (median follow-up of
68 months) and 35 (4.6%) dropped out of the study (median follow-up of 24 months). Data
were otherwise available for 99.2% of the 66,425 monthly telephone interviews.

During the baseline assessment, data were collected on demographic characteristics,
including age, sex, race, and years of education. During each of the comprehensive
assessments, data were collected on several clinical factors including medical comorbidity,
cognitive status, physical frailty, social support, and antidepressant medication use. Table 1
provides further description of the measures used to assess these variables. The amount of
missing data for the aforementioned variables was less than 1% in the baseline assessment
and less than 5% in all subsequent assessments.

Assessment of depressive symptoms—During each comprehensive assessment,
frequency of depressive symptoms in the previous week was assessed with the 11-item
Center for Epidemiologic Studies – Depression (CES-D) scale.10 Scores, transformed to be
compatible with the full 20-item instrument,11 ranged from 0 to 60 with higher scores
indicating more depressive symptoms. Scores ≥20 were considered as “clinically significant
depressive symptoms” or “depressed” mood. This cutpoint increases the specificity for
identifying major depression according to Diagnostic and Statistical Manual-IV (DSM-IV)
criteria.12 Data on depression were complete for 100% of the participants at baseline and
95%, 93%, 91%, 90%, 89%, and 88% of the non-decedents at 18, 36, 54, 72, 90, and 108
months, respectively.

Ascertainment of Hospital and Nursing Home Admissions—During the monthly
telephone interviews, participants were asked whether they had stayed overnight in a
hospital since the last interview (i.e., during the past month). The accuracy of these reports,
based on an independent review of hospital records among a subgroup of 94 participants,
was high (kappa = 0.94). Hospitalized participants provided the primary reason for their
admission. These reasons were subsequently grouped into distinct diagnostic categories.13

Participants were also asked whether they had been admitted to a nursing home during the
past month; if yes, the interviewer noted whether the participant was currently in a nursing
home. The accuracy of this information was almost perfect (kappa = 0.96).

Assessment of ADL disability and mobility disability—ADL disability and
mobility disability were assessed during the monthly telephone interviews.14 To assess ADL
disability, participants were asked if they needed help from another person or if they were
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unable to bathe, dress, transfer from a chair, and walk across a room. Mobility disability was
assessed by asking participants if they needed help from another person “to walk a quarter of
a mile (about 2 or 3 blocks)” and “to walk up a flight of stairs.” Participants who responded
“yes” to a specific question were considered to be disabled in that task. Each month,
participants were assigned an ADL disability “score” (range 0 to 4) and a mobility disability
“score” (range 0 to 2), denoting the total number of ADL and mobility disabilities,
respectively.

Recovery of Pre-hospital Function—Recovery of pre-hospital function was defined as
returning to the community within 6 months at or above the pre-hospital level of ADL or
mobility function. This was determined by comparing the number of disabled ADLs or
mobility disabilities during the first monthly interview that was completed after hospital
discharge with that during the monthly interview that was completed immediately prior to
the hospitalization. A 6-month time period is often used to predict recovery after a disabling
hospitalization.6, 14

Assembly of the Analytic Samples—To evaluate the effect of depression on recovery
of ADLs and mobility, respectively, we assembled two analytic samples. A detailed
description of the assembly of the samples is provided in Appendix Figure 1. To make full
use of our longitudinal data, participants were allowed to contribute more than one
observation (i.e., qualifying hospital admission) to the respective analytic sample; hence, the
unit of analysis was participant-hospitalizations. To be included as a qualifying admission,
an acute hospitalization had to: (1) occur among participants living in the community; and
(2) be followed by a decline in ADL function or mobility as compared with the level of
ADL function or mobility, respectively, in the month immediately preceding the
hospitalization. Of the 1,723 potentially eligible person-hospitalizations, 730 (42.4%) and
714 (41.4%) were followed by a decline in ADL function and mobility, respectively. Of
these qualifying admissions, we selected only the first qualifying admission within each 18-
month interval. We chose this approach to ensure that these admissions were the closest to
the assessments of depression. To enhance clarity, these qualifying admissions will
subsequently be referred to as “index” admissions. Hypothetically, a participant who
remained in the study for the entire follow-up period could have contributed up to 7 index
admissions (i.e., one from each 18-month interval) to the analysis. The final ADL and
mobility samples included 623 and 624 index admissions, respectively, among 430 and 448
participants.

Statistical Analysis
We used descriptive statistics to determine the demographic, physical, cognitive, and social
characteristics preceding the first index hospitalization of the 430 and 448 participants who
contributed to the ADL and mobility analytical samples, respectively. In subsequent
analyses, the unit of analysis for both samples was participant-hospitalizations rather than
participants. To evaluate the unadjusted associations between depression and recovery of
function, we used competing risk Cox models in which participants were simultaneously at
risk for recovery and death.15 The Cox models yield hazard ratios (HR), which represent the
likelihood of recovery in the presence vs. absence of depression. The primary multivariable
models were adjusted for demographic characteristics (i.e., age, sex, race, education, and
living alone), clinical factors (i.e., number of chronic conditions, cognitive status, physical
frailty), social support, ADL or mobility disability “score” prior to hospitalization, the
number of months between the depression assessment and the index hospitalization, and the
number of nonqualifying hospitalizations in each interval that preceded the index
hospitalization. In secondary models, we controlled for antidepressant medication use in
addition to the aforementioned variables. With the exception of sex, race, and education,
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each of the variables was treated as a time-dependent covariate. These analyses were
subsequently re-run with depression as a continuous variable. Values for depression and the
time-dependent covariates in the Cox models were taken from the face-to-face assessments
that immediately preceded each index hospitalization; the median (interquartile range)
number of months between these assessments and the index hospitalizations was 8 (4–13)
and 9 (4–13) for the ADL and mobility samples, respectively. Because the association
between depression and functional recovery could be affected by an earlier, nonqualifying
hospitalization, we subsequently restricted the analyses to only the 524 (84.1%) and 544
(87.2%) index admissions in the ADL and mobility samples, respectively, that represented
the first hospitalizations (i.e., not preceded by any nonqualifying hospitalizations) in each
18-month interval.

To address the small amount of missing data for depressive symptoms and the covariates, as
well as for the monthly disability data, we used multiple imputation with 50 random draws
per missing observation, accounting for the potential correlation among repeated measures.
The probability of missingness was imputed based on a GEE logistic regression model; and
values for disability (present or absent) for each of the four essential ADLs and the two
mobility items were imputed for each missing month sequentially from the first month to
either the person’s death or the end of follow-up.

All statistical tests were two-tailed, and p-values less than .05 were considered statistically
significant. Analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC).

RESULTS
Table 1 presents the characteristics preceding the first index hospitalization of the 430 and
448 participants who contributed hospitalizations to the ADL and mobility samples
respectively. In both samples, the average age was approximately 82 years, and the majority
of participants were female and white. Among the participants who experienced a decline in
ADL function after hospitalization, 223 (60.4%) were physically frail and 99 (23.2%) were
depressed. Among the participants who experienced a decline in mobility function after
hospitalization, 229 (51.1%) were physically frail and 77 (17.3%) were depressed.

Table 2 provides information on the primary reason for hospitalization in each sample.
Infection (pneumonia, urinary tract infection, etc.), cardiac (coronary heart disease,
congestive heart failure, arrhythmia, etc.), and other medical (kidney disease/dialysis,
dementia/delirium, etc.) were the most common diagnostic categories. Stroke and hip
fracture each accounted for approximately 5%–6% of the hospitalizations. In the ADL
sample, recovery, non-recovery and death were observed following 368 (59.3%), 145
(23.3%), and 108 (17.4%) of the hospital admissions, respectively. The corresponding
values for the mobility sample were 410 (65.8%), 139 (22.3%), and 74 (11.9%).

The results of the primary multivariable analyses are shown in Table 3. Depression was
significantly associated with a 21% reduction in the likelihood of recovering mobility
function within 6 months of hospitalization (adjusted HR= 0.79; 95%CI 0.63, 0.98). While
depression was significantly associated with a lower likelihood of recovering ADL function
in the unadjusted model (HR= 0.78; 95%CI 0.66, 0.94), this association did not hold up in
the adjusted model (HR= 0.91; 95%CI 0.75, 1.10). After additional adjustment for use of an
antidepressant medication, the results were consistent but slightly attenuated. Depression
remained significantly associated with recovery of mobility function (adjusted HR= 0.80;
95%CI 0.64, 0.99), but not ADL function (adjusted HR= 0.93; 95%CI 0.77, 1.13).
Depression, operationalized as a continuous variable, was associated with a 2% reduction in
the likelihood of recovering mobility function with every 1-point increase in depression
score (adjusted HR = 0.98; 95%CI 0.97, 0.99), but was not associated with recovery of ADL
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function (adjusted HR = 0.99; 95%CI 0.98, 1.01). To ensure that our findings were not
driven by the known association between depression and recovery following stroke and hip
fracture, we re-ran our primary models after omitting these conditions. The effect sizes
changed only modestly: 0.95 and 0.82 for recovery of ADL and mobility function,
respectively. Finally, the results were comparable when the samples were restricted to only
those first hospitalizations in each 18-month interval that were qualifying hospitalizations.
Depression was associated with a lower likelihood of recovering mobility (adjusted HR=
0.72; 95%CI 0.56, 0.92), but not ADL function (adjusted HR= 0.95; 95%CI 0.76, 1.18).

DISCUSSION
In this longitudinal study of older persons, which included multiple assessments of
depressive symptoms and monthly assessments of functional status over the course of more
than 10 years, we evaluated the effect of depression on functional recovery after a disabling
hospitalization. We found that depression is associated with a significantly lower likelihood
of recovering mobility function, but not ADL function, within 6 months after
hospitalization.

Although ADL function is necessary for the maintenance of independence in older persons,
maintaining mobility in this population is also an important goal of clinical medicine and
public health. Older persons who lose independent mobility are at higher risk for social
isolation,16 morbidity,17 and mortality.17 While the association between depression and
recovery from mobility disability has been previously established for major disabling events
such as a stroke or hip fracture,4, 5 these events represent only a small proportion of
disabling hospitalizations, as evidenced in the present study and prior work.8 Among older
persons with disabling hospitalizations resulting from an array of conditions, we found that
depressed participants were less likely to recovery mobility function than those without
depression, even after hospitalizations from stroke and hip fracture were omitted.

The association between depression and recovery of mobility function persisted after
adjustment for factors such as cognitive status and physical frailty that have previously been
found to be associated with decline in mobility function.18, 19 Because these factors were
assessed at the same time as depression, we could control for them as potential confounders,
yet we were precluded from evaluating them as mediators of any causal relationship
between depression and recovery of mobility function after a disabling hospitalization.
Assessment of mediation requires that the independent variable temporally precede the
potential mediator.20 Studies are needed to evaluate potential mechanisms, such as
apathy,21, 22 through which depression may impede recovery of mobility.

With one exception,6 prior studies indicate that depressed older persons are less likely to
recover ADL function after an acute hospital admission.2, 7 There are at least two potential
explanations for why a significant association between depression and ADL recovery was
not found in the current study. First, the frequency of the disability assessments in our study
enabled us to ascertain episodes of both functional decline and recovery that may have been
disproportionately missed in prior studies, which have had much longer intervals, i.e., at
least 1 year, between pre- and post-hospitalization disability assessments.7 Second, in
contrast to prior studies, which included only survivors in the analysis2 or included deaths as
part of the censored group,7 we treated death as a competing outcome in our analyses.
Results may be biased when death is not handled properly in longitudinal analyses of
functional outcomes.23

Because depression was assessed prior to hospitalization, we could not confirm participants’
depression status during the hospital admission or immediately following the hospitalization.
Persistence of depression over time among the majority of our study participants, however,
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suggests that the participants who were depressed prior to their hospitalization(s) were also
depressed during the hospital admission. Furthermore, whereas we controlled for the number
of months between the depression assessments and the subsequent hospitalizations, long
intervals between these assessments may have attenuated the relationship of depression and
functional recovery. The association between depression and recovery of mobility function,
however, remained significant, albeit stronger, when the sample was limited to only the first
(qualifying) hospitalization in each 18-month interval, which minimized the interval
between the assessment of depression and the index hospitalization. The availability of a
depression assessment prior to hospitalization could be considered a strength since patients
who may have been too sick to complete an in-hospital assessment were not excluded,2

thereby enhancing the generalizability of our findings. Additionally, because depression was
assessed prior to the acute event, it was unlikely that participants’ depression scores were
falsely inflated due to symptoms of physical illness such as fatigue or weight loss.24

Prior evidence from the stroke literature indicates that pharmacological treatment of
depression may enhance recovery of mobility function.25 In the current study, depression
remained significantly associated with recovery of mobility function after adjustment for use
of an antidepressant medication. Because information was not available on the dose, dosing
schedule, adherence, indication, or start of treatment, future studies should evaluate the
effect of these treatment characteristics on functional recovery.

Several other potential limitations warrant comment. First, in the absence of a diagnostic
measure, we were unable to determine the prevalence of major depression among the study
participants. To address this limitation, we used a cutpoint of ≥20 on the CES-D to minimize
the likelihood of misclassifying older persons as having high depressive symptoms, as
previously recommended.12 Second, our assessments of ADL and mobility function were
based on self-report rather than performance-based measures. Yet, these two strategies have
comparable validity in older persons.26 Third, because our study did not include data on the
receipt of rehabilitation following hospitalization, we were unable to evaluate if this factor
had an effect on the association between depression and functional recovery. Lastly,
although our participants were members of a single health plan in a small urban area, several
factors enhance the generalizability of our findings. These include a high participation rate,
low rate of attrition for reasons other than death, and nearly complete ascertainment of
ADLs and mobility function.

CONCLUSIONS
Following a disabling hospitalization among community-living older persons, those with
pre-existing depression may be less likely to recover their pre-hospitalization level of
mobility function, but not ADL function. Yet, the reasons remain to be elucidated. In future
work, we plan to evaluate whether the relationship between depression and functional
recovery in older persons may be bi-directional.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 1

Characteristics Preceding the First Index Hospitalization of the Participants Contributing to the ADL and
Mobility Samples.

Characteristic ADL Sample (n=430) Mobility Sample (n=448)

Age, mean years (SD) 82.3 (5.4) 81.7 (5.5)

Women, n (%) 264 (61.4) 269 (60.0)

White, n (%) 386 (89.8) 400 (89.3)

Education, mean years (SD) 11.8 (2.9) 11.9 (2.8)

Number of chronic conditions, mean (SD)* 2.3 (1.3) 2.1 (1.2)

Cognitive status, mean (SD) † 25.7 (3.5) 26.1 (3.1)

Physical frailty, n (%)‡ 223 (60.4) 229 (51.1)

Social support, mean (SD)§ 21.6 (6.0) 22.0 (5.9)

Antidepressant medication use, n (%)¶ 53 (12.3) 53 (11.8)

Depression, n (%)# 99 (23.2) 77 (17.3)

SD = Standard Deviation; ADL = Activities of Daily Living

*
Includes 9 self-reported, physician-diagnosed chronic conditions: hypertension, myocardial infarction, congestive heart failure, stroke, diabetes

mellitus, arthritis, hip fracture, chronic lung disease, and cancer (other than minor skin cancer).

†
Assessed by the Folstein Mini-Mental State Examination (MMSE), with lower scores indicating worse cognitive status (range 0 to 30).

‡
Assessed using a rapid gait test in which participants were instructed to walk a 10-foot (3.048-m) course “as fast as it feels safe and comfortable,”

turn around, and walk back. Participants who completed the task in >10 seconds were considered to be physically frail.

§
Determined by the Medical Outcomes Study Social Support Survey, with higher scores indicating higher social support (range 0 to 28).

¶
Ascertained by review of all pill bottles or a medication list. Trazodone and Amitriptyline were not coded as antidepressants because they are

commonly used for other indications, including sleep and pain.

#
Determined using the Center for Epidemiological Studies - Depression Scale; Depressed = score >20.
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Table 2

Reasons for Hospitalization.

ADL Sample (N=623)* Mobility Sample (N=624)†

Reason for Hospitalization n (%)

Infection 101 (16.2) 105 (16.8)

Cardiac 93 (14.9) 107 (17.1)

Fall-related injury‡ 46 (7.4) 37 (5.9)

Arthritis 44 (7.1) 37 (5.9)

Stroke 39 (6.3) 33 (5.3)

Hip fracture 35 (5.6) 33 (5.3)

Cancer 31 (5.0) 35 (5.6)

Pulmonary 19 (3.0) 22 (3.5)

Gastrointestinal bleeding 15 (2.4) 12 (1.9)

Peripheral artery disease 12 (1.9) 10 (1.6)

Dehydration 8 (1.3) 11 (1.8)

Diabetes 7 (1.1) 7 (1.1)

Psychiatric 3 (0.5) 3 (0.5)

Other

 Medical 109 (17.4) 105 (16.8)

 Surgical 53 (8.5) 61 (9.8)

 Unknown 3 (0.5) 6 (0.9)

ADL = Activities of Daily Living

*
430 participants contributed 623 participant-hospitalizations to the ADL sample, with 296 (68.8%), 89 (20.7%), 37 (8.6%), and 8 (1.9%)

participants contributing 1, 2, 3, and 4 hospitalizations, respectively.

†
448 participants contributed 624 participant-hospitalizations to the mobility sample, with 325 (72.5%), 88 (19.6%), 22 (4.9%), 10 (2.2%), 2 (.4%),

and 1 (.2%) participants contributing 1, 2, 3, 4, 5, and 6 hospitalizations, respectively.

‡
Does not include hip fracture.
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