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Abstract
OBJECTIVES—Although cognitive impairment and depressive symptoms are associated with
functional decline, it is not understood how these risk factors act together to affect the risk of
functional decline. The purpose of this study is to determine the relative contributions of cognitive
impairment and depressive symptoms on decline in activity of daily living (ADL) function over 2
years in an older cohort.

DESIGN—Prospective cohort study.

SETTING—A U.S. national prospective cohort study of older people, Asset and Health Dynamics
in the Oldest Old.

PARTICIPANTS—Five thousand six hundred ninety-seven participants (mean age 77, 64%
women, 86% white) followed from 1993 to 1995

MEASUREMENTS—Cognitive impairment and depressive symptoms were defined as the poorest
scores: 1.5 standard deviations below the mean on a cognitive scale or 1.5 standard deviations above
the mean on validated depression scales. Risk of functional decline in participants with depressive
symptoms, cognitive impairment, and both, compared with neither risk factor, were calculated and
stratified by baseline dependence. Analyses were adjusted for demographics and comorbidity.

RESULTS—Eight percent (n = 450) of subjects declined in ADL function. In participants who were
independent in all ADLs at baseline, the relative risk (RR) of 2-year functional decline was 2.3 (95%
confidence interval (CI) = 1.7–3.1) for participants with cognitive impairment, 1.9 (95% CI = 1.3–
2.6) for participants with depressive symptoms, and 2.4 (95% CI = 1.4–3.7) for participants with
cognitive impairment and depressive symptoms. In participants who were dependent in one or more
ADLs at baseline, RR of 2-year functional decline was 1.9 (95% CI = 1.2–2.8) for participants with
cognitive impairment, 0.6 (95% CI = 0.3–1.3) for participants with depressive symptoms, and 1.5
(95% CI = 0.8–2.6) for participants with cognitive impairment and depressive symptoms.

CONCLUSIONS—In participants with no ADL dependence at baseline, cognitive impairment and
depressive symptoms are risk factors for decline, but that, in participants with dependence in ADL
at baseline, cognitive impairment, but not depressive symptoms, is a risk factor for additional decline.
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One of the most pressing problems for adults as they age is maintaining independence in
functioning. U.S. national statistics indicate that 20% of noninstitutionalized people who are
aged 70 and older need help in performing at least one activity of daily living (ADL), including
bathing, dressing, eating, toileting, and transferring.1 Maintaining functional independence is
also important because of increasing caregiver burden and healthcare costs.

The relationship between cognitive status and depressive symptoms and their effect on
functional decline is of significant clinical and public health importance because they are
common, frequently coexist, and may be treatable. For example, depressive symptoms are
thought to exacerbate cognitive problems in older people and may be an independent risk factor
for cognitive impairment; conversely, cognitive impairment may lead to depression.2–4

Prior studies on the effect of cognitive impairment or depressive symptoms on functional
decline have suggested that depressive symptoms and cognitive impairment are independently
associated with functional decline,4–13 but prior studies are limited because they have not taken
into consideration that cognitive impairment and depressive symptoms are interrelated, have
not studied ethnically diverse populations, or have not evaluated these risk factors by degree
of baseline functional dependence.

We designed this study to test three hypotheses underlying the triad of cognitive impairment,
depressive symptoms, and functional decline; first, that cognitive impairment and depressive
symptoms are independent predictors of functional decline; second, that cognitive impairment
and depressive symptoms act synergistically to potentiate the risk of functional decline, such
that the risk of functional decline associated with having both risk factors is greater than that
predicted by either alone; and third, we tested whether baseline ADL dependence affects the
relationship between cognitive impairment, depressive symptoms, and functional decline.

This study tests these hypotheses by analyzing data from a longitudinal cohort study of older
Americans. Advantages of our study include use of a large nationally representative, ethnically
diverse cohort; adjustment for a large number of potential confounders; and an analytic strategy
that accounted for the combined effects of depressive symptoms and cognition in predicting
functional decline.

METHODS
Study Population

The Asset and Health Dynamics Among the Oldest Old (AHEAD) study is a biennial national
prospective study, formulated as a supplement to the community-based Health and Retirement
Study.14 In 1993, the U.S. birth cohorts of 1923 and earlier formed the sample frame for
AHEAD. For the current study, we included primary respondents, who did not respond through
a proxy (n = 6,656). Because we were interested in 2-year functional decline, our analytic
cohort consisted of the 5,697 persons who completed both study waves, in 1993 and 1995 (607
participants had died, 341 were lost to follow-up, and 11 were missing functional status
information).
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A full description of the weighting procedures used in the AHEAD study was outlined
previously.15 Blacks, Hispanics, and Florida state residents were oversampled. The AHEAD
study employed telephone and in-person interviews at baseline and follow-up.

Cognitive Impairment and Depressive Symptoms Measurement
Several tests of cognitive function were measured in AHEAD at both waves. Memory was
tested using an immediate and delayed free-recall test, in which 10 high-frequency nouns were
given. The participant was asked to recall as many of the nouns as possible immediately and
after a 5-minute delay and given a score of 0 to 10, one point for each correct noun. Calculation
was assessed using the serial 7s test, in which participants start with 100 and consecutively
subtract 7 five times, and were given one point for each correct subtraction, for a total of five
points. In addition, the participant was asked to count backwards from 20 to 10 and 86 to 76;
and name the month, day, year, day of the week, the object used to cut paper (scissors), the
plant that lives in the desert (cactus), and the President and Vice President of the United States,
for a total of 10 points, one point for each correct answer. An overall cognitive score was
calculated as the sum of all cognitive tests, for a total of 35 points.16 We defined cognitive
impairment to be present in subjects with scores lower than 1.5 standard deviations below the
mean baseline overall cognitive score, or 11 points. Herzog et al. have reported on the cognitive
scale used in AHEAD, including information on its validity.16

Depressive symptoms were assessed using eight items from the Center for Epidemiologic
Study Depression (CES-D) scale.17 Specifically, participants were asked whether the following
feelings had occurred during the prior week: depression, lack of happiness, loneliness, sadness,
that everything was an effort, sleep was restless, inability to “get going,” and lack of energy.
Each question was assigned one point, for a total of eight. We identified participants with a
score 1.5 standard deviations above the mean baseline CES-D score (>4 points) as having
depressive symptoms.18

Functional Decline Definition
Our primary measure of functional status at baseline was dependence in each of the six ADLs,
defined as needing the help of another person with bathing, toileting, transferring, walking,
dressing, and eating.19 An ADL dependence score was calculated, assigning one point for each
of the activities in which a subject was dependent, at baseline and follow-up. We defined
functional decline to be present if a subject had a greater number of ADL dependencies at
follow-up than at baseline.

Other Measurements
Other measurements included sociodemographic characteristics (age, years of education,
gender, race, and marital status), self-reported history of comorbid and medical conditions
(vision problems, hearing problems, stroke, heart disease, hypertension, psychiatric illness
other than depressive symptoms, lung disease, arthritis, cancer and diabetes mellitus), lifestyle
characteristics (self-reported smoking and alcohol consumption), and total household income.

Statistical Analyses
All statistical analyses applied sampling weights to AHEAD data to account for oversampling
in this study’s design. Chi-square and t test statistics were performed to assess the unadjusted
association between potential confounders (sociodemographic characteristics, medical
comorbidities, lifestyle characteristics) and the two main predictors (cognitive impairment and
depressive symptoms) and between the confounders and the primary outcome (functional
decline). Bivariate analyses were then conducted to assess the unadjusted association between
cognitive impairment or depressive symptoms and functional decline. Bivariate analyses of
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cognitive impairment, depressive symptoms, and individual ADL dependence were also
assessed. Using linear regression, we examined the relationship between cognitive impairment
and depressive symptoms at baseline and number of ADL dependencies at follow-up. To
examine the independent relationship between depressive symptoms and functional decline
and between cognitive impairment and functional decline, we constructed a series of
generalized linear and logistic regression models. In the first model, we simultaneously
controlled for depressive symptoms and cognitive impairment (Model 1). In the second model,
we created a series of multiple dichotomous indicator variables for baseline cognitive
impairment alone, depressive symptoms alone, depressive symptoms and cognitive
impairment together, and neither depressive symptoms nor cognitive impairment, to better
understand the combined effects of cognitive impairment and depressive symptoms (Model
2). These models were then adjusted for sociodemographic characteristics, comorbid
conditions, and economic factors that were predictors (P < .05) of functional decline in bivariate
analyses (Models 3 and 4). Each of these models was stratified by whether the participant was
dependent in one or more ADLs at baseline. Lastly, we constructed generalized linear models
with a dependent variable of ADL score at Wave 2, stratified by ADL dependence at Wave 1.
From the model, we estimated the marginal mean ADL score at 1993 and 1995 for the following
groups: cognitive impairment alone, depressive symptoms alone, depressive symptoms and
cognitive impairment, and neither depressive symptoms nor cognitive impairment (see Figures
1 and 2). These models included a depressive symptom by cognitive impairment interaction
term.

Because odds ratios can sometimes overestimate the degree of association between predictor
and outcome variables, we used the method of Zhang et al.20 to convert the odds ratios
calculated in logistic regression analyses to approximate relative risks.

RESULTS
The mean age of the study population was 77; 64% were women and 86% were white (Table
1). Participants had an average of three comorbid conditions.

At baseline, 547 participants had depressive symptoms (9.6%) and 610 had cognitive
impairment (10.7%). Participants with cognitive impairment or depressive symptoms were
older than participants with neither condition, (78 vs. 77 years, P < .0001, and 80 vs. 77 years,
P < .0001, respectively). Depressive symptoms and cognitive impairment were modestly
associated with each other (r = .22, P < .001). Participants with cognitive impairment were
more likely to have depressive symptoms than participants without cognitive impairment (23%
vs. 8%, P < .001). Nine percent of participants (n = 525) had ADL dependence at baseline, and
almost 8% (n = 451) experienced functional decline over the 2-year follow-up period. Age,
education, race, gender, marital status, medical comorbidities, smoking, alcohol use, Medicare
insurance use, and income were associated with functional decline (P < .05 for all). Cognitive
impairment and depressive symptoms were most strongly associated with dependence in
bathing, followed by dressing, walking, and transferring.

Cognitively impaired individuals were more than three times as likely to have subsequent
functional decline than nonimpaired individuals (Table 2, Model 1), with a relative risk (RR)
of 3.3 (95% confidence interval (CI) = 2.8– 4.0). Depressed individuals were twice as likely
to have subsequent decline as nondepressed individuals (RR = 2.1, 95% CI = 1.7–2.6).
Simultaneous assessment of cognitive impairment, depressive symptoms, and both (Table 2,
Model 2) result in effect sizes similar to those in Model 1, with only a slightly higher effect
size for depressive symptoms and cognitive impairment together (RR = 3.8, 95% CI = 2.8–
5.2) than for cognitive impairment alone (RR = 3.5, 95% CI = 2.8–4.3).
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In a linear regression model, in which our outcome was number of dependent ADLs at follow-
up, cognitive impairment at baseline was associated with 0.31 (95% CI = 0.24–0.37) more
ADL dependencies at follow-up, whereas depressive symptoms at baseline were associated
with 0.04 (95% CI = −0.03–0.10) more dependencies at follow-up.

Table 3 reports the likelihood of experiencing functional decline according to cognitive
impairment and depressive symptoms after multivariate adjustment and stratification by
baseline dependence. For participants who were dependent in ADLs at baseline, cognitive
impairment increased the risk of further decline (RR = 1.9, 95% CI = 1.2–2.8), but depressive
symptoms did not (RR = 0.6, 95% CI = 0.3–1.3). In addition, there was no evidence of additive
effects for participants who had both risk factors (RR = 1.5, 95% CI = 0.8–2.6).

For participants who were independent at baseline, cognitive impairment (RR = 2.3, 95% CI
= 1.7–3.1) and depressive symptoms (RR = 1.9, 95% CI = 1.3–2.6) together predicted the risk
of incident functional decline. In addition, participants with cognitive impairment and epressive
symptoms had slightly higher risk than either alone (RR = 2.4, 95% CI = 1.4–3.7).

Figure 1 illustrates the relationship between cognitive impairment, depressive symptoms, and
ADL score in participants with baseline ADL dependence. On average, participants with
neither risk factor tended to have less functional dependence over the 2-year interval (by 0.56
ADLs, 95% CI = 0.40–0.72), similar to participants with depressive symptoms alone (by 0.69
ADLs, 95% CI = 0.30–0.88). Participants with cognitive impairment alone had more
dependence (by 0.01 ADLs, 95% CI = −0.27–0.29). Participants with cognitive impairment
and depressive symptoms at baseline had the highest number of baseline dependencies (1.9)
and changed little over the 2-year follow-up interval. The model term for depressive symptoms
by cognitive impairment was not statistically significant (P = .75) when the analysis was
restricted to participants with ADL dependence at baseline. Thus, in participants with baseline
ADL dependence, there was no evidence for interaction of depressive symptoms and cognitive
impairment for further functional dependence over 2 years.

Figure 2 illustrates the relationship between cognitive impairment and depressive symptoms
in all participants who were independent at baseline (incident ADL dependence). Participants
with neither cognitive impairment nor depressive symptoms changed little over the follow-up
period (0.11 ADLs, 95% CI = 0.10–0.13 dependencies). Those with cognitive impairment at
baseline become more dependent, (decline = 0.39 points, 95% CI = 0.32–0.46 ADLs) similar
to participants with depressive symptoms (decline = 0.28, 95% CI = 0.20–0.34 ADLs) and a
similar mean to participants with cognitive impairment and depressive symptoms (0.39, 95%
CI = 0.26–0.52 ADLs). The model term for depressive symptoms by cognitive impairment
was borderline statistically significant (P = .05) when the analysis was restricted to participants
with no baseline ADL dependencies.

DISCUSSION
Our results from a population-based longitudinal study of 5,697 older people followed for 2
years provide data that clarify the relationship between cognitive impairment, depressive
symptoms, and functional decline. First, cognitive impairment and depressive symptoms are
independent predictors of ADL dependence in participants who are independent in all ADLs
at baseline. In addition, in these participants, cognitive impairment and depressive symptoms
were robust risk factors; those with both risk factors had a slightly greater risk of decline than
those with either risk factor alone. Second, in participants who already had ADL dependence
at baseline, cognitive impairment was associated with further decline, whereas depressive
symptoms were not.
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In participants who are independent in ADLs at baseline, cognitive impairment and depressive
symptoms are independent predictors of functional decline, even after adjusting for each other.
This suggests that both risk factors contribute to incident ADL dependence and do not simply
act via each other. This is consistent with prior work by Gill et al. that demonstrates that the
risk of functional dependence steadily increases as the degree of baseline vulnerability
increases.11 Cognitive impairment and depressive symptoms may lead to an erosion of the
physical skills needed to maintain functional independence and may leave a person less
resistant to acute stressors, such as hospitalization, that often accelerate functional dependence
in older people.21–23

In participants with baseline ADL dependence, cognitive impairment predicted further loss of
ADL function, but depressive symptoms did not predict further functional decline, and, in fact,
subjects with depressive symptoms, on average, demonstrated a slight improvement in ADL
function, similar to subjects with neither condition. This may reflect fundamental differences
in the natural history of cognitive impairment and depressive symptoms. In general, cognitively
impaired participants deteriorate progressively over time. As a result, participants who have
experienced functional decline secondary to cognitive impairment are likely to experience
further functional decline as the cognitive impairment worsens. In contrast, depressive
symptoms often improve, especially if effective treatment is administered. As a result, in
participants with functional decline, the presence of depressive symptoms may be a marker for
potential reversibility.

Prior studies that have evaluated depressive symptoms and cognitive function have suggested
that depressive symptoms or cognitive impairment may predict functional decline, with varied
effect sizes.4–13 The variance in prior reports may be due to lack of stratification by baseline
ADL function, incomplete adjustment of confounders, or use of nonvalidated assessment of
cognitive function or depressive symptoms. Our results describing incident ADL dependence
are in accord with the few studies that have discussed the two risk factors together and have
found cognitive impairment and depressive symptoms to be significant predictors in
multivariate models.12,13 Because the current study undertook to stratify by ADL at baseline,
adjusted for a large number of covariates, and used validated instruments for evaluation of
cognitive impairment and depression, it was able to better clarify the independent and combined
effects of cognitive impairment and depressive symptoms on functional decline.

Several limitations deserve comment. First, there is a potential attrition bias because of
differential mortality, a factor common to studies of older people. For this cohort, participants
who died had greater ADL dependence and more cognitive impairment and depressive
symptoms at baseline. Second, the cognitive scale developed for AHEAD is unfamiliar, and
thus the results may not be widely generalizable, but the AHEAD cognitive scale contains
similar questions to the Mini-Mental State Examination, (MMSE)24 and has some evidence of
construct validity.16 Alternatively, the MMSE itself has limitations, and the AHEAD cognitive
scale may share these limitations. For example, the MMSE is insensitive to the cognitive effects
of frontal system lesions. In particular, frontal system lesions may affect executive control
functions, and executive control is not well measured by the MMSE.25 Because frontal system
lesions are associated with disability26 and depression,27 there is a danger that cognitive deficits
not detected by the AHEAD instrument may be mediating the apparent association between
ADL function and depressive symptoms. Finally, there are potential limitations in the
measurement of our primary outcome, change in ADL function, based on self-reports, but we
do not believe that these limitations lessen the generalizability of these findings, because there
is some evidence that the assessment of ADL is reliable in older populations, even those with
cognitive problems.28,29
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We also did not have information on the severity of ADL dependence, because dependence
was assessed as a dichotomous yes/no response. Future studies could develop a gradient of
dependence including questions about the nature of the help received, how often it was
received, and how much activity could be performed if alone.

By describing the relationships between depressive symptoms, cognitive impairment, and
functional decline, this study adds further insight into the factors responsible for functional
decline. In addition, cognition and depressive symptoms may serve as targets for intervention,
but this requires further study. Studies that address whether treatment of early depression by
antidepressant medication, improving social networks, and addressing the potential effects of
alcohol intake are warranted to determine whether these can prevent functional decline.
Similarly, using current therapies and the development of new therapies for treating cognitive
impairment may reduce concurrent ADL dependence and prevent increased decline.

This study suggests that depressive symptoms and cognitive impairment are independent
predictors of incident ADL dependence. In addition, cognitive impairment is a more robust
predictor of incident functional decline than are depressive symptoms because cognitive
impairment predicts functional decline in subjects with and without baseline ADL dependence.
Following from these results, early and adequate evaluation and treatment of cognitive
problems and depressive symptoms are suggested. Future studies on the effect of treatment for
depression and cognitive problems on functional decline outcome are warranted.
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Figure 1.
Functional dependence according to cognitive impairment and depressive symptoms in
participants who were dependent in activities of daily living at baseline (n = 525).
○ = Neither cognitive impairment nor depressive symptoms
□ = Cognitive impairment only
▲ = Depressive symptoms only
◆ = Cognitive impairment and depressive symptoms
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Figure 2.
Functional dependence according to cognitive impairment and depressive symptoms in
participants who were independent in activities of daily living at baseline (incident dependence)
(n = 5,172).
○ = Neither cognitive impairment nor depressive symptoms
□ = Cognitive impairment only
▲ = Depressive symptoms only
◆ = Cognitive impairment and depressive symptoms
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Table 1

Baseline Characteristics of the 5,697 Participants in the Asset and Health Dynamics in the Oldest Old Study

Baseline Characteristic Value

Age, mean years ± SD 77 ± 5.5

Female, % 64

Education <high school, % 39

White, % 86

Black, % 10

Hispanic/other, % 4

Married, % 50

Current smoker, % 9

≥1 Alcoholic drink/day, % 12

Number of comorbid conditions, mean ± SD 3 ± 1.7

 High blood pressure, % 50

 Diabetes mellitus, % 12

 Cancer, % 13

 Heart disease, % 30

 Lung disease, % 10

 Arthritis, % 25

 Psychiatric disease, not depression, % 11

 Vision problems, % 23

 Hearing problems, % 23

Note: Missing data: current smoker, 0.01%; ≥1 alcoholic drink/day, 0.05%; hearing problems, 0.02%; cancer, 0.04%; high blood pressure and diabetes
mellitus, 0.09%; heart disease, 0.06%; vision problems, 0.11%; and hearing problems, 0.02%. SD = standard deviation.
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Table 2

Cognitive Impairment, Depressive Symptoms, and Relative Risk of 2-Year Functional Decline, Bivariate Results

Model Participant Group Functional Decline* %
Relative Risk (95% Confidence

Interval)

1 All participants (n = 5,697)† 8

Cognitive impairment (n = 610)‡ 21 3.3 (2.8–4.0)

No impairment (n = 5,104) 6 1.0

Depressive symptoms (n = 547)§ 15 2.1 (1.7–2.6)

No depressive symptoms (n = 5,167) 7 1.0

2 Cognitive impairment and depressive symptoms (n = 139) 22 3.8 (2.8–5.2)

Cognitive impairment alone (n = 471) 20 3.5 (2.8–4.3)

Depressive symptoms alone (n = 408) 13 2.1 (1.6–2.8)

Neither depressive symptoms nor cognitive impairment (n = 4,696) 6 1.0

*
An increased dependence in an activity of daily living from 1993–1995.

†
Applying study weights to 5,697 Asset and Health Dynamics in the Oldest Old (AHEAD) participants yielded an analytic sample of 5,714.

‡
Participants whose scores on the multi-domain AHEAD cognition scale were ≤ 1.5 standard deviations below the mean.

§
Participants whose scores on the Center for Epidemiologic Study Depression Scale were ≥ 1.5 standard deviations above the mean.
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Table 3

Cognitive Impairment, Depressive Symptoms, and Relative Risk of 2-Year Functional Decline, Multivariate
Results, by Baseline Activities of Daily Living Status (N = 5,697)

Relative Risk (95% Confidence Interval)*

Model Participant Group Dependent at Baseline (n = 525) Independent at Baseline (n = 5,172)

3 Cognitive impairment 1.9 (1.3–2.7) 2.2 (1.6–2.8)

No impairment 1 1

Depressive symptoms 0.8 (0.5–1.2) 1.7 (1.3–2.2)

No depressive symptoms 1 1

4 Cognitive impairment alone 1.9 (1.2–2.8) 2.3 (1.7–3.1)

Depressive symptoms alone 0.6 (0.3–1.3) 1.9 (1.3–2.6)

Cognitive impairment and depressive symptoms 1.5 (0.8–2.6) 2.4 (1.4–3.7)

Neither depressive symptoms nor cognitive impairment 1 1

*
Full adjustment for age, education, race, gender, marital status, medical comorbidities, smoking and alcohol use, Medicare insurance, and income.
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