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Abstract
Objective—We determined the association between clinically significant depressive symptoms,
often referred to as depression, and subsequent transitions between no disability, mild disability,
severe disability, and death.

Design—Prospective cohort study.

Setting—General community in greater New Haven, Connecticut, from March 23, 1998, to
December 31, 2008.

Participants—Seven-hundred fifty four persons, aged 70 years or older.

Measurements—Monthly assessments of disability in essential activities of daily living and
assessments of depressive symptoms every 18 months using a short-form of the Center for
Epidemiologic Studies of Depression Scale for up to 129 months.

Results—Depressed participants were more likely than those who were non-depressed to
transition from a state of no disability to mild (HR= 1.52; 95% CI 1.25, 1.85) and severe disability
(HR=1.57; 95% CI 1.22, 2.01), and from a state of mild disability to severe disability (HR=1.33;
95% CI 1.06, 1.65); and were less likely to transition from a state of mild disability to no disability
(HR=0.69; 95% CI 0.57, 0.85) and from a state of severe disability to no disability (HR=0.50;
95% CI 0.31, 0.79).

Conclusions—Depressive symptoms are associated with transitions into and out of disabled
states, and with increased likelihood of transitioning from mild to severe disability. More broadly,
our findings underscore the complexity of the relationship between depressive symptoms and
disability. Future work is needed to evaluate the likely reciprocal relationship between depression
and functional transitions in older persons.
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OBJECTIVE
Whereas major depression affects 1% to 2% of community-living older persons, 8% to 20%
of this population experiences clinically significant depressive symptoms.(1) Often referred
to as depressed mood or simply “depression,” clinically significant depressive symptoms
can fluctuate over time, with periods of remission and recurrence.(2) Clinically significant
depressive symptoms in late life are associated with substantial morbidity and frequent
utilization of health services.(3) In addition, depressed older persons are more likely than
their non-depressed counterparts to be disabled in essential activities of daily living (ADLs)
and to develop the onset of disability.(4,5)

Like depressive symptoms, disability is often reversible and recurrent,(6) more similar to
falls and delirium than to progressive disorders such as Alzheimer’s disease. Furthermore,
the severity of disability differs across individuals and within the same person over time.(7)
The complex nature of disability has been more fully elucidated through recent work
demonstrating that older persons frequently experience transitions between states of no,
mild, and severe disability.(8) With few exceptions(5,9) however, prior studies evaluating
the relationship between depressive symptoms and disability have not considered the
dynamic nature of these conditions; nor have they considered disability as a condition with
potentially varying levels of severity, ranging from mild to severe. Consequently, the
association between depressive symptoms and transitions into and out of states of mild and
severe disability in older persons remains unknown.

The objective of this prospective study was to determine the association between clinically
significant depressive symptoms and subsequent functional transitions between states of no
disability, mild disability, severe disability, and death among older persons over time. We
hypothesized that clinically significant depressive symptoms would have a positive
association with transitions into mild and severe disability and death, and a negative
association with transitions out of mild and severe disability. To test these hypotheses, we
used data from a unique cohort of older persons who had assessments of depressive
symptoms every 18 months and monthly assessments of disability for nearly ten years. We
performed a rigorous longitudinal analysis of each of the functional transitions according to
whether or not participants had clinically significant depressive symptoms. Establishing a
relationship between depressive symptoms and meaningful transitions in functional status
would help to inform clinical decision-making and may ultimately lead to reductions in the
burden of disability among older persons.

METHODS
Sample

Participants were members of the Precipitating Events Project (PEP), a longitudinal study of
754 non-disabled, community-living persons aged 70 years or older.(10) The assembly of
the cohort has been described in detail elsewhere.(10) In brief, 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 activities of daily living—bathing, dressing, transferring from a chair,
and walking across a room. The participation rate was 75.2%.(10) The Human Investigation
Committee at Yale University approved the study.
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Data collection
Comprehensive home-based assessments were completed at baseline and subsequently at
18-month intervals until each person’s death or through 108 months, while telephone
interviews were completed monthly until each person’s death or end of follow-up for up to
129 months, resulting in a median follow-up of 109 months. Deaths were ascertained by
review of the local obituaries and/or from an informant during a subsequent telephone
interview. Four hundred and five (53.7%) participants died after a median follow-up of 68
months, while 35 (4.6%) dropped out of the study after a 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, years of education, and living alone. 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 conditions: hypertension, myocardial infarction, congestive
heart failure, stroke, diabetes mellitus, arthritis, hip fracture, chronic lung disease, and
cancer. Cognitive status was assessed by the Folstein Mini-Mental State Examination
(MMSE),(11) where MMSE scores range from 0 to 30, with higher scores representing
better cognitive status. Physical frailty was 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.(12) Physical activity was assessed by the
Physical Activity Scale for the Elderly (PASE), where PASE scores range from 0 to 400.
(13) The use of antidepressant medication(s) was ascertained by review of all pill bottles or
a medication list. If a list was unavailable, participants were asked to recall medications that
they had taken during the prior two weeks. All medications, but not the doses or dosing
schedule, were recorded and antidepressant medications were subsequently coded based on
the American Hospital Formulary system (AHFS) code 28.16.04. Trazodone and
Amitriptyline were not coded as antidepressants because they are commonly used for other
indications, including sleep and pain.(14,15) 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 of the comprehensive
assessments, the frequency of depressive symptoms in the previous week was assessed with
the 11-item Center for Epidemiologic Studies – Depression (CES-D) scale.(16) Prior studies
of older persons have reported test-retest reliability statistics (i.e., Kappa coefficients) of
0.82 or higher for the shortened version of the CES-D.(17,18) Scores were transformed
using the procedure recommended by Kohout et al. to make it compatible with the full 20-
item instrument.(19) Total scores range from 0 to 60, with higher scores indicating more
depressive symptoms. Participants scoring ≥20 were considered as having “clinically
significant depressive symptoms” or “depressed.” While a CES-D score of 16 is most
commonly used to distinguish between depressed and non-depressed persons in mixed-age
samples, a cut point of 20 offers a more stringent approach to the classification of depressed
mood among older persons and increases the specificity for identifying major depression
according to Diagnostic and Statistical Manual-IV (DSM-IV) criteria.(20) Nonetheless, in a
secondary analysis, depression was operationalized based on a CES-D score ≥16. 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.
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Assessment 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.(21) Participants who needed help from another person or were unable to
complete an ADL were considered disabled in that task. Participants were classified each
month as being in one of four states: non-disabled (disabled in 0 of the ADLs), mild
disability (disabled in 1 or 2 of the ADLs), severe disability (disabled in 3 or 4 of the
ADLs), or death.(22) During the comprehensive assessments, participants also were asked
about their ability to eat, groom themselves, and use the toilet without personal assistance.
The concordance of assessing severity of disability using 4 ADLs rather than 7 ADLS was
high, with weighted kappa values ranging from 0.87 at the 36-month comprehensive
assessment to 0.96 at the 72-month comprehensive assessment. Based on a multistate
representation of disability,(8) functional transitions occurred in both directions between the
no disability, mild disability, and severe disability states and in one direction from each of
these three states to death, resulting in nine possible transitions. To illustrate, a non-disabled
participant who subsequently experienced two months of severe disability, followed by a
month of mild disability, after which she recovered independence, would have had three
functional transitions.

Statistical Analysis
We compared the baseline characteristics among participants who were non-depressed and
depressed using chi-square tests for categorical variables and t-tests for continuous
variables. We then determined the unadjusted incidence rates for each of the nine transitions
per 1000 person-months over the entire follow-up period according to depression status at
the 18-month comprehensive assessment preceding the transition. For each incidence rate,
we calculated 95% confidence intervals by bootstrapping samples with replacement. One
thousand samples were created, and the 2.5th and 97.5th percentiles were used to form the
confidence intervals. These bootstrap-derived estimates and confidence intervals provide
non-parametric estimates of the rates and their dispersion.

To address the small amount of missing data for depressive symptoms and the covariates,
missingness was assumed to be random and we used multiple imputation with 50 random
draws per missing observation, accounting for the potential correlation among repeated
measures.(23) We also used multiple imputation with 50 random draws to address the small
amount of missing monthly data on disability. Following recent recommendations for binary
longitudinal data,(24) 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 were imputed for each missing month sequentially from the first month to either the
person’s death or the end of follow-up. No values were imputed to individuals after their
death date.

We used a competing risk Cox model for recurring events, in which participants are
simultaneously at risk for several “competing” outcomes, to evaluate the unadjusted
associations between depressive symptoms and each of the nine functional transitions.
(25,26) Using this method, we simultaneously model the associations between depression
and nine potential transitions that are grouped into three triplets, where each triplet is a set of
competing events. Functional transitions are updated on a monthly basis. For example,
participants in the state of severe disability in any given month are simultaneously at risk for
transitioning in the next month to a state of no disability, mild disability, or death. Upon
entering a new state, with the exception of death, they are at risk for another three potential
state transitions. The model calculates the associations based on the amount of time spent in
the state preceding transition into another state. Interpretation of the results must therefore
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consider the aggregate time spent in specific states with and without covariates of interest.
Furthermore, this method accounts for the correlation among observations within individuals
through the use of robust sandwich variance estimators for standard errors of the
coefficients.(27), is fairly robust to the distribution of time to event data, and can be used for
non-proportional hazards, which may occur with time-varying covariates.(26) The final
multivariable model was 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, and physical activity), and antidepressant medication use across all
transitions. With the exception of sex, race, and education, these variables were treated as
time-dependent covariates. The p-values for the final multivariable model were adjusted for
multiple comparisons assuming a false discovery rate of 5%.(28) These analyses were
repeated using a cutpoint of ≥16 on the CES-D.

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
At baseline, 100 (13.3%) participants had clinically significant depressive symptoms and
were considered “depressed.” Table 1 provides the baseline characteristics of participants
according to their depression status. Differences were observed for all characteristics with
the exception of age, race, and living alone. As compared with the non-depressed
participants, those who were depressed were more likely to be women, physically frail, and
taking an antidepressant medication, and had a higher number of chronic conditions, fewer
years of education, and lower MMSE scores.

Table 2 provides the unadjusted incidence rates and 95% confidence intervals for each of the
functional transitions over the entire follow-up period according to depression status during
the previous comprehensive assessment. Depressed participants had significantly higher
unadjusted rates than those who were non-depressed for the transitions from no disability to
mild disability and severe disability, and for the transition from mild to severe disability. In
contrast, depressed participants had significantly lower unadjusted rates for the transitions
from mild disability to no disability, and from severe disability to no disability. The
unadjusted incidence rates did not differ between non-depressed and depressed participants
for the transitions from any of the three disability states to death.

Figure 1 presents the unadjusted and adjusted hazard ratios for the associations between
depression and the subsequent functional transitions. In the adjusted model, participants who
were depressed were more likely than those who were non-depressed to transition from no
disability to mild (HR=1.52; 95% CI 1.25, 1.85) and severe (HR=1.57; 95% CI 1.22, 2.01)
disability, and from mild disability to severe disability (HR=1.33; 95% CI 1.06, 1.65); and
were less likely to transition from mild disability to no disability (HR=0.69; 95% CI 0.57,
0.85) and from severe disability to no disability (HR=0.50; 95% CI 0.31, 0.79). Depression
was not associated with the transitions from any of the three disability states to death. When
the alternative cutpoint of 16 was used for the CES-D, the results did not change appreciably
with only one exception; depression was no longer associated with the transition from mild
to severe disability (HR=1.22; 95% CI 0.99, 1.51).

CONCLUSIONS
In this longitudinal study of older persons, which included multiple assessments of
depressive symptoms and monthly assessments of disability over the course of nearly 10
years, we evaluated the association of clinically significant depressive symptoms with
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transitions between states of disability and independence in an attempt to better elucidate the
role of depressive symptoms in the disabling process. Our rigorous analysis, which used a
competing risk framework, provides very strong evidence that clinically significant
symptoms of depression are associated with transitions into and out of disability states in
older persons. We found that participants considered to be depressed were more likely than
those who were non-depressed to develop both mild and severe disability and to become
more severely disabled in the setting of mild disability, and were less likely to recover
independent function in the setting of both mild and severe disability. Yet, depression was
not associated with mortality among those with either mild or severe disability.

Among community-living older persons, the association between depression and the onset
of disability is well-established.(4,5) Nonetheless, prior studies have not attempted to
distinguish between different types of disability severity, despite evidence that the burden of
disability varies widely among older persons.(5,9) The results of the current study indicate
that experiencing clinically significant depressive symptoms is a strong determinant of a
broader array of disability outcomes, including transitions from mild to severe disability. We
found, however, that depressive symptoms were associated with the transition from mild to
severe disability only when the more stringent cutpoint of ≥20 was used for the CES-D. Our
results highlight the importance of identifying high depressive symptoms to determine who
may be likely to become more severely disabled over time. Because the use of formal and
informal health care services increases with worsening disability,(29) identifying and
treating depressive symptoms among older persons with mild disability could potentially
reduce the financial and nonfinancial costs of care by preventing the progression of
disability.

Depression is known to impede recovery after a catastrophic event, such as stroke.(30)
However, relatively little is known about the association between depression and recovery
from disability over time among older persons, despite evidence that recovery from
disability is common.(21,31) We found that participants with clinically significant
depressive symptoms were less likely than those without depression to recover their
independence in the setting of both mild and severe disability. This finding persisted after
adjustment for factors such as physical frailty and antidepressant medication use that have
previously been found to be associated with recovery from disability.(32,33) These results
suggest that the depressive features themselves, such as reduced energy, may impede
recovery from disability.

Disability has been found to be strongly associated with mortality,(34) particularly among
older persons with severe disability.(35) However, whether the association between
disability and mortality is stronger among depressed older persons is uncertain. We found
that the transition from either of the disabled states to death did not differ according to
whether participants were depressed or non-depressed, thereby providing evidence that once
older persons are disabled, whether or not they are depressed does not influence their
likelihood of dying.

There are several potential limitations to this study that warrant comment. In the absence of
a diagnostic measure, such as the Structured Clinical Interview for DSM-IV, 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, previously recommended to
minimize the likelihood of misclassifying older persons as having high depressive
symptoms.(20) We found that the rate of clinically significant depressive symptoms at
baseline (13.3%) was much higher than the reported rate of major depression in comparable
populations, thereby highlighting the distinction between “clinically significant depressive
symptoms” and major depression. Because the CES-D includes somatic items (e.g., I could
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not get “going;” I did not feel like eating, my appetite was poor), it is possible that
symptoms of physical illness such as fatigue or weight loss could have falsely inflated the
CES-D score for some participants.(36) Similarly, participants with disability may have
been more likely to endorse somatic items, thereby inflating their score.

The omission of eating, toileting and dressing from the monthly assessments of ADL
disability may have led us to misclassify the severity of disability, and consequently the
functional transitions. However, we found very high agreement when disability severity was
classified using 4 ADLs versus 7 ADLs, thereby supporting our use of a smaller set of ADLs
to assess severity of disability each month. Although our assessment of ADL disability was
based on self-reported information rather than performance-based measures, these two
strategies have comparable reliability in older persons (37,38). The current analysis was
restricted to ADL disability. In future work, we plan to evaluate the longitudinal relationship
between depressive symptoms and transitions in mobility disability and disability in
instrumental activities of daily living.

Although we adjusted for the use of antidepressant medications, information regarding the
dose, dosing schedule, adherence, indication, and start of treatment was not available.
Because Trazodone and Amitriptyline were not coded as antidepressant medications,
participants who were prescribed these medications specifically for depression may have
been misclassified as not taking an antidepressant medication. However, at any given time
point during the study, between one third to one half of the participants taking either
Trazodone or Amitriptyline reported taking another antidepressant, thereby reducing
potential misclassification. Information was not available on prior history of either disability
or depressive symptoms. Consequently, we could not determine if a participant’s first
transition from a non-disabled to a disabled state represented incident disability. Nor could
we establish the duration of depressive symptoms among participants who experienced
clinically significant depressive symptoms at baseline. Although the MMSE is the most
commonly used instrument for evaluating cognition in clinical practice, it does not assess
executive function. Hence, it is possible that there remains residual confounding by
cognitive status.(39) Lastly, because our study participants included members of a single
health plan, the generalizability of our findings to other older adult populations may be
questioned. As previously noted, however(10), 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, which, in turn, are comparable to those in the United States as a
whole, with the exception of race. New Haven county has a larger proportion of non-
Hispanic whites in this age group than in the United States, 91% vs. 84%.(40) Furthermore,
generalizability depends not only on the characteristics of the study population but also on
its stability over time. Strengths of our study include a high participation rate, completeness
of data collection and low rate of attrition for reasons other than death which all enhance the
generalizability of our findings, and at least partially offset the absence of a population-
based sample.

In conclusion, our findings highlight the importance of clinically significant depressive
symptoms, which are potentially modifiable, on transitions into and out of disability among
older persons. More broadly, our findings underscore the complexity of the relationship
between depressive symptoms and disability. Future work is needed to evaluate the likely
reciprocal relationship between depression and functional transitions in older persons and to
determine if treatments, such as behavioral interventions, prevent or delay the onset and/or
progression of both depression and disability in this population.
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Figure 1.
Unadjusted and adjusted hazard ratios of the association between depression and subsequent
functional transitions. p-values (Wald chi-square = 144 with 19 degrees of freedom) refer to
the results from the fully adjusted model that controlled for sex, race, education, and the
following time-varying covariates; age, whether or not participants lived alone, number of
chronic conditions, cognitive status, physical frailty, physical activity, and antidepressant
medication use, and included adjustment for multiple comparisons based on a 5% False
Discovery Rate.
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Table 1

Baseline Characteristics of Participants According to Depression Status.a

Characteristic
Non-Depressed

(n=654)
Depressedb

(n=100) ρ-valuec

Age, mean years (SD) 78.4 (5.2) 78.6 (5.4) 0.82

Women, n (%) 401 (61.3) 88 (88.0) <0.001

White, n (%) 596 (91.3) 86 (86.0) 0.10

Education, mean years (SD) 12.1 (2.9) 11.1 (2.7) <0.001

Living alone, n (%) 253 (38.7) 45 (45.0) 0.23

Number of chronic conditions, mean (SD) 1.7 (1.2) 2.1 (1.4) 0.03

Cognitive status, mean (SD)d 26.9 (2.4) 26.0 (2.8) 0.006

Physical frailty, n (%) 260 (39.8) 62 (62.0) <0.001

Physical activity score, mean (SD)e 93.9 (59.2) 62.7 (38.5) <0.001

Antidepressant medication use, n (%) 41 (6.3) 17 (17.0) <0.001

a
Compares characteristics according to participants’ baseline depression status.

b
Determined using the Center for Epidemiological Studies - Depression Scale; Depressed = score ≥20.

c
Represents overall associations as determined by chi-square and t-tests. Degrees of freedom = 1 for each of the categorical variables and degrees

of freedom = 751 for each of the continuous variables.

d
Assessed with the Mini-Mental State Examination (MMSE).

e
Assessed with the Physical Activity Scale for the Elderly (PASE).
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Table 2

Unadjusted incidence rates for functional transitions per 1000 person-months.a

Non-depressed
Rate (95% Cl)b

Depressed
Rate (95% Cl)b p-value

Transition

No disability to:

    Mild 32.2 (29.4, 34.7) 57.8 (49.7, 65.3) <0.001

    Severe 6.0 (5.4, 6.6) 10.5 (8.8, 12.3) <0.001

    Death 2.1 (1.8, 2.4) 2.8 (1.9, 3.6) 0.14

Person-months at risk 45,593 7,684

Transition

Mild disability to:

    None 215.9 (198.5, 234.2) 140.1 (122.8, 160.1) <0.001

    Severe 87.7 (78.0, 96.6) 99.2 (83.6, 114.9) <0.001

    Death 9.5 (7.5, 11.3) 8.1 (5.7, 10.7) 0.99

Person-months at risk 5,879 2,532

Transition

Severe disability to:

    None 39.5 (33.4, 46.2) 13.7 (9.7, 18.0) <0.001

    Mild 153.2 (137.2, 173.0) 124.5 (104.9, 143.4) 0.50

    Death 37.9 (32.8, 43.8) 24.7 (20.7, 29.5) 0.09

Person-months at risk 2,889 1,815

CI=Confidence Interval

a
The median length of follow-up was 109 months.

b
The confidence intervals for the unadjusted incidence rates were calculated by bootstrapping samples with replacement and provide non-

parametric estimates of the rates and their dispersion.

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2012 September 1.


