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Context.—Significant symptoms of depression are common in the older
community-dwelling population. Although depressive symptoms and disability may
commonly occur in the same person, whether depressive symptoms contribute to
subsequent functional decline has not been elucidated.
Objective.—To determine whether depressive symptoms in older persons
increase the risk of subsequent decline in physical function as measured by objective performance-based tests.
Design.—A 4-year prospective cohort study.
Setting.—The communities of Iowa and Washington counties, Iowa.
Participants.—A total of 1286 persons aged 71 years and older who completed
a short battery of physical performance tests in 1988 and again 4 years later.
Main Outcome Measures.—Baseline depressive symptoms were assessed by
the Center for Epidemiological Studies Depression Scale. Physical performance
tests included an assessment of standing balance, a timed 2.4-m (8-ft) walk, and
a timed test of 5 repetitions of rising from a chair and sitting down.
Results.—After adjustment for baseline performance score, health status, and
sociodemographic factors, increasing levels of depressive symptoms were predictive of greater decline in physical performance over 4 years (odds ratio for decline
in those with depressed mood vs those without, 1.55; 95% confidence interval [CI],
1.02-2.34). Even among those at the high end of the functional spectrum, who reported no disability, the severity of depressive symptoms predicted subsequent
decline in physical performance (odds ratio for decline, 1.03; 95% CI, 1.00-1.08).
Conclusions.—This study provides evidence that older persons who report depressive symptoms are at higher risk of subsequent physical decline. These results
suggest that prevention or reduction of depressed mood could play a role in reducing functional decline in older persons.
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MAJOR DEPRESSION is relatively
rare among older community-dwelling
persons, affecting only about 1% to 2% of
that population.1-3 However, a high proportion of community-dwelling elderly
persons (12%-20%)1-3 suffer from significant symptoms of depression below the
severity threshold of major depression
as defined by the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV). These sub-

syndromal depressive symptoms, often
referred to as “depressed mood,” are associated with high societal costs due to
increased morbidity and high utilization
of health services.1-5 From the perspective of older persons themselves, depressed mood significantly affects their
well-being and ability to function.67
Physical disability among depressed
persons not only is significantly higher
than among nondepressed persons, but
also is similar or even greater than the
disability found among patients with
chronic medical illnesses.8
The relationship between depression
and physical functioning is a complex one
whose specific causal ordering is hard to
unravel. Researchers so far have mainly
focused on self-reported measures of disability and found that the cross-sectional
association between depressed mood
and disability seems to hold longitudinally.1,6,7 Even in longitudinal studies,
however, it is difficult to exclude the possibility that disability is a cause rather
than a consequence of depressive symptoms. Further, the interpretation is
hampered by the possibility that depressed persons may give overly pessimistic appraisals of their functioning and
disability.9 Even when their functional
status remains the same, persons who
are depressed tend to become more depressed over time and, therefore, may
report more physical disabilities.10,11 Finally, disability measures assess the
poorer end of the spectrum of physical
functioning but have less ability to distinguish higher levels of physical abilities. Consequently, whether depression
affects physical function along its full
spectrum remains to be examined.
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The growing interest in the heterogeneity of functional ability at older ages
has resulted in the need to expand the
measurement of physical function beyond the standard self-report measures
of disability. Increasingly, functional
status has been assessed using objective
tests of subjects’ performance of standardized tasks and covers the full spectrum of physical functioning. These measures of physical performance provide
useful information about older persons
not obtained in standard clinical examination12 and are highly predictive of subsequent disability, falls, institutionalization, and death.13-16 In addition, performance-based measures appear to be less
influenced by personality, cognition, and
mood than self-reported measures of disability.10,11 These characteristics make
performance-based measures of physical function very appropriate for a more
complete and compelling test of the impact of depressive symptoms on physical decline along the entire spectrum of
physical function.
The present study is the first to prospectively examine the impact of depressive symptoms on change in physical performance in an older community-dwelling population. Since it is unknown
whether the effect of depressive symptoms is limited to high symptom levels or
whether it increases linearly with increasing symptom levels, a continuous
measure of depressive symptoms as well
as a dichotomous classification of depressed mood are used. In order to rule
out confounding by poor physical function, additional analyses are conducted in
a relatively healthy subset of older persons initially free of physical disabilities.
METHODS
Study Population
Data for this study were collected as
part of the Established Populations for
Epidemiologic Studies of the Elderly
(EPESE), a prospective cohort study of
older persons supported by the US National Institute on Aging. The eligible
population consisted of all persons aged
65 years and older who lived in Iowa and
Washington counties, Iowa. The sampling and data collection procedures
have been described in depth previously.17 Between December 1981 and
August 1982, 3673 persons, 80% of those
eligible, were enrolled in the initial interview. Follow-up interviews were conducted annually for 6 years and again at
10 years.
The sixth follow-up assessment conducted in 1988 is considered the baseline
for the analyses presented, as this was
the first assessment that included physical performance measures. At that time,
JAMA, June 3, 1998—Vol 279, No. 21

2547 (94.0%) of the 2711 survivors were
contacted. Of these, we excluded 278
(10.9%) who were institutionalized; 111
(4.4%) who were unable to participate in
the interview because of cognitive or
physical impairment and for whom a
proxy had to be interviewed; 57 (2.2%)
who had to be interviewed by telephone
because they left the geographic area;
and 68 (2.7%) with missing scores for
physical performance (n = 59) or depressive symptoms (n = 9).
Of the 2033 remaining subjects with
complete baseline data, 411 (20.2%) died
during the next 4 years; 74 (3.6%) were
lost to follow-up; 256 (12.6%) were unable to participate in the complete interview because of cognitive or physical impairment and were included in telephone
(n = 86) or proxy interviews (n = 170);
and 6 (0.3%) had missing performance
scores. This left 1286 subjects for whom
follow-up data on physical performance
were available. These served as the primary subjects of this report. As compared with these subjects, those who
were interviewed in 1988 but who were
not included in this study were significantly older (80.1 vs 77.7 years), more
often men (39.9% vs 31.0%), more often
activities of daily living (ADL)–disabled
(49.2% vs 30.8%), and had higher mean
depression scores (11.8 vs 9.2).
Symptoms of Depression
The presence of depressive symptoms
was assessed using the 11-item version
of the Center for Epidemiologic Studies
Depression Scale (CES-D), a measurement of depressive feelings and behaviors experienced during the past week.18
Scores of this shorter version were
transformed to correspond to the standard 20-item scale using the procedure
recommended by Kohout et al.19 Full details on the use, transformation, and validity of the modified scale have been
published.19 Briefly, for men and women
separately, scores were standardized
against the 1974-1975 National Health
and Nutrition Examination Survey I
(NHANES I), by means of the equation
xt = [(xs − ms) (sdt/sds)] + mt, where xt is
the transformed score; xs is the participant’s raw score; ms and sds are the sexspecific mean and SD of the raw scores in
the full sample at the first interview; and
mt and sdt are the sex-specific criterion
mean and SD from the NHANES I.
Since the NHANES I study used a large
national probability sample, it gave generalizable, national criterion means for
the CES-D. The criterion mean (SD) was
7.1 (7.2) for men and 10.0 (9.1) for women.
We used both the continuous CES-D
score and a dichotomous classification
based on the cutoff score of 20 to identify
subjects with depressed mood. Although

a CES-D score of 16 is the most commonly used cutoff score in general populations, using a cutoff score of 20 among
older persons offers a more stringent approach to the classification of depressed
mood, yielding a higher accuracy for the
diagnosis of major depression.20-22 Sensitivities of 72% and 92% and specificities of 94% and 87% for major depression
defined according to DSM-IV criteria
have been reported.21,22
Physical Performance
Performance-based tests of physical
function included measures of standing
balance, walking speed, and ability to
rise from a chair. Assessments were carried out in the subjects’ homes by specially trained interviewers. For testing
standing balance, subjects attempted to
maintain their feet in the side-by-side,
semitandem (heel of one foot beside big
toe of other foot) and tandem (heel of one
foot in front of other foot) positions for 10
seconds each. The classification range is
as follows: unable (0); able to hold sideby-side position but unable to hold
semitandem stand position for 10 seconds (1); able to hold semitandem position for 10 seconds but unable to hold full
tandem position for more than 2 seconds
(2); able to stand in full tandem position
for 3 to 9 seconds (3); and able to maintain full tandem position for 10 seconds
(4). To test walking speed, a 2.4-m (8-ft)
walk at the subject’s normal pace was
timed twice, and the faster of the 2 walks
was scored according to quartiles of the
time required in 3 EPESE populations.14
Categories were unable (0); at least 5.7
seconds (1); 4.1 to 5.6 seconds (2); 3.2 to
4.0 seconds (3); and 3.1 seconds or less
(4). For testing the ability to rise from a
chair, subjects were asked to fold their
arms across their chests and to stand up
from a sitting position and sit down 5
times as quickly as possible. Categories,
based on quartiles of the time required
in the 3 EPESE populations, were as follows: unable (0); at least 16.7 seconds (1);
13.7 to 16.6 seconds (2); 11.2 to 13.6 seconds (3); and 11.1 seconds or less (4).
Correlations between observers of
more than 0.93 for walking speed23 and
test-retest correlations of more than 0.89
for walking speed,23 0.73 for rising from
a chair,24 and 0.97 for standing balance25
have been reported. The 3 test scores in
our study were moderately correlated,
with Spearman rank correlation coefficients ranging from 0.30 to 0.51. As in
previous publications,14,16 a summary
measure of physical performance was
developed by summing scores of the 3
tests. The overall performance score
ranged from 0 to 12, with higher scores
indicating better performance. Change
in physical performance was computed
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Figure 1.—Distribution of change in physical performance between the 1992 and the 1988 scores.
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Figure 2.—Mean level of physical performance at follow-up in 1992 according to level of physical
performance at baseline in 1988 for depressed (Center for Epidemiologic Studies Depression Scale [CESD] score $20) and nondepressed subjects.

by subtracting the baseline performance
score (1988) from the follow-up score
(1992). Change scores among the 1286
respondents ranged from −12 to 8, with
a mean change of −1.6 (Figure 1). The
physical performance of 863 subjects
(67.1% of the total sample) had declined,
and 31.1% of those (400 of the total
sample) were reported as declining
by 3 or more points. However, 215 persons (16.7%) improved their performance scores. For the remainder of the
sample (n = 208, 16.2%), 1992 performance scores were equal to their 1988
scores.
1722
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Covariates
Baseline sociodemographics included
age, sex, marital status, and education.
Indicators of baseline health status included smoking status (never, ex-, or
current smoker), alcohol intake (an average consumption of 1 or less vs more
than 1 drink per day), body mass index
(computed as weight in kilograms
divided by the square of height in meters), and blood pressure. The latter was
measured in a sitting position according
to the Hypertension Detection and Follow-up Program protocol26 and was clas-

sified in 4 categories: normotension (systolic blood pressure [SBP], ,140 mm Hg;
diastolic blood pressure [DBP], ,90
mm Hg); borderline systolic hypertension (DBP, ,90 mm Hg; SBP, 140-160
mm Hg); isolated systolic hypertension
(DBP, ,90 mm Hg; SBP, $160 mm Hg);
and diastolic hypertension (DBP, .90
mm Hg). Prevalent coronary heart disease at baseline was determined by any
listed hospital discharge diagnosis International Classification of Diseases,
Ninth Revision (ICD-9)27 codes from 410
to 414 in the 3 years before baseline listed
in the Health Care Financing Administration Medicare Provider Analysis and
Review files, by self-report of heart attack at any interview, or by a positive
Rose questionnaire28 for angina assessed
at any in-person interview. Prevalent
diabetes, stroke, cancer, and lung disease (asthma, chronic bronchitis, or emphysema) were considered present
when respondents had ever been told by
a physician that they had these diseases
or when they had listed hospital discharge diagnoses in the past 3 years for
these diseases (ICD-9 codes 250, 430434, 140-208, or 491-493, respectively).
Prevalent arthritis was determined by
self-reported presence of arthritis at any
in-person interview. Information about
drug use was obtained by interviewers’
observation of the containers for all prescription and nonprescription drugs
taken over the past 2 weeks. Finally,
physical disability was assessed by selfreports of difficulty in mobility (unable
to walk a half mile or climb stairs without
help), according to the Rosow-Breslau
scale,29 and/or self-reports of difficulty in
ADL30 (unable to bathe, dress, eat, use
the toilet, walk across a small room, or
transfer from bed to chair without help).
Statistical Analyses
Since change scores of physical performance were continuous and approximately normally distributed (Figure 1),
multivariate linear regression models
were used to examine the effect of depressive symptoms on change in physical performance. These models included
baseline physical performance scores in
order to model residualized change (ie,
change adjusted for baseline level of
performance)31 and were adjusted for
age, sex, cigarette smoking, alcohol intake, body mass index, blood pressure,
and prevalent chronic diseases. Separate models examined the effects of both
the continuous and dichotomous depression variables in order to evaluate “gradient” vs “threshold” effects.
Logistic regression models were performed to identify the association of depressive symptoms with more substantial, and potentially more significant,
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change in physical performance. Those
whose performance scores decreased by
3 or more points during follow-up (ie, a
decline of at least 2 points more than the
median change of −1) were considered as
having declined substantially. Those
whose performance scores increased by
1 or more points (ie, improved 2 points
more than the median change) were considered as having improved. Persons
with no substantial change were those
with change scores within 2 points of the
median change (change scores between
−3 and 1). Two sets of odds ratio (OR)
estimates indicate the relative odds of
being among those who had declined vs
those in the no-change group, and the
relative odds of being among those who
had improved vs the no-change group.
All analyses were carried out using the
SPSS-Windows statistical package.32
Previous EPESE analyses illustrated
that lower levels of physical performance predict nursing home admission,
mortality and subsequent disability.14,16
To validate that our definition of substantial decline is associated with clinically meaningful differences in health
status, we used the 1988 EPESE data on
more than 5000 persons aged 71 years
and older to examine the risks of a 3point difference in physical performance
score. After 4 years of follow-up, a 3point difference was associated with a
1.5-fold increased risk of hospitalization
(95% CI, 1.4-1.6), a 2.2-fold increased risk
of nursing home admission (95% CI, 2.02.5), a 1.7-fold increased risk of mortality
(95% CI, 1.6-1.8), and, among those not
disabled at baseline, a 3.9-fold increased
risk of subsequent disability (95% CI,
3.3-4.5).
RESULTS
The mean baseline age of the study
sample was 77.7 years (SD, 4.9), 69% were
female, 45% had less than 12 years of education, and only 1 person was black. Baseline CES-D scores ranged from 0 to 53
with a mean of 9.2 (SD, 7.8). In total, 137
persons (10.7%) had CES-D scores above
the cutoff of 20 and were considered as
having a depressed mood. Depressed persons had lower baseline performance
scores than nondepressed persons (6.9 vs
8.3, P,.001). Figure 2 shows that, with
only 1 exception, for each level of baseline performance, the mean performance score at follow-up after 4 years was
lower in depressed persons compared
with nondepressed persons.
The decline in performance, adjusted
for baseline performance, was significantly greater for the oldest old, the less
educated, unmarried subjects, and those
with coronary heart disease and lung disease (Table 1). Depressed persons had a
greater decline in performance than nonJAMA, June 3, 1998—Vol 279, No. 21

Table 1.—Baseline Characteristics of Study Population and Their Association With Change in Physical
Performance Score (1992-1988)
Baseline Characteristics

No. (%) of
Study Population

Mean Change
in Performance*

Age, y
71-74

416 (32.3)

−1.04

75-79

456 (35.5)

−1.49

$80

414 (32.3)

−2.21

Sex
Men

399 (31.0)

−1.41

Women

887 (69.0)

−1.65

Education, y
,12

574 (44.6)

−1.75

712 (55.4)

−1.44

783 (60.9)

−1.36

503 (39.1)

−1.91

953 (74.1)

−1.52

269 (20.9)

−1.62

Current smoker

64 (5.0)

−2.24

Alcohol use, drinks/d
,1

1245 (96.8)

−1.59

41 (3.2)

−1.32

$12
Marital status
Married
Unmarried
Cigarette smoking
Nonsmoker
Ex-smoker

$1
Body mass index, kg/m2
,20

118 (9.2)

−1.90

20 to ,25

492 (38.3)

−1.66

25 to ,30

441 (34.3)

−1.45

$30

141 (11.0)

−1.47

94 (7.3)

−1.53

619 (48.1)

−1.42

Missing
Blood pressure
Normotensive
Borderline systolic hypertension

454 (35.3)

−1.69

Isolated systolic hypertension

123 (9.6)

−1.77

90 (7.0)

−1.79

Diastolic hypertension
Coronary heart disease
No

1030 (80.1)

−1.46

Yes

256 (19.9)

−2.04

Stroke
No

1199 (93.2)

−1.56

87 (6.8)

−1.82

Yes
Diabetes
No
Yes
Cancer
No
Yes
Lung disease
No
Yes
Arthritis
No
Yes
Depressed mood (CES-D $20)†
No
Yes

1136 (88.3)

−1.55

150 (11.7)

−1.82

1049 (81.6)

−1.57

237 (18.4)

−1.62

1031 (80.2)

−1.51

255 (19.8)

−1.87

222 (17.3)

−1.45

1064 (82.7)

−1.60

1149 (89.3)

−1.48

137 (10.7)

−2.36

,.001

.09

.02

,.001

.06

.47

.33

.15

,.001

.31

.17

.77

.03

.39

,.001

*Adjusted for baseline performance score.
†CES-D indicates Center for Epidemiologic Studies Depression Scale.

depressed persons (2.36 vs 1.48, P,.001).
Table 2 shows the results of linear regression models used to examine the relationship between symptoms of depression
and change in physical performance with
adjustment for baseline performance,
age, sex, education, marital status, smoking, alcohol use, body mass index, blood
pressure, and presence of chronic diseases. More depressive symptoms at
baseline were significantly associated

with greater decline in performance during follow-up (for each point of increase
on the CES-D, decline was 0.036 greater,
P,.001). In line with this, depressed
mood as assessed by the dichotomous indicator was also predictive of greater
decline in performance (b = −0.774;
P,.001). In both models, analysis of the
residuals did not reveal departures from
regression assumptions. The effect of depressive symptoms was consistent for all
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Table 2.—Linear Regression Model Showing Association of Depressive Symptoms With Change in
Physical Performance Score (1992-1988)*

Mean Change in
Performance Score

0.0
–0.5
–1.0
–1.5
–2.0
–2.5

Total cohort (N = 1286)
Depressive symptoms (continuous CES-D score)

–1.27
–1.48

–1.59

∗

Depressed mood (CES-D $20): yes vs no
–1.75

Persons with no disability in 1988 (N = 976)†
Depressive symptoms (continuous CES-D score)

†

–2.26
‡

0-2
7-12
13-19
≥20
3-6
(n=342) (n=305) (n=289) (n=213) (n=137)

Depressive Symptoms (CES-D Score)
Figure 3.—Adjusted mean change in physical performance score (1992-1988) according to level of
depressive symptoms. Mean change in performance score is adjusted for baseline performance
score, age, sex, education, marital status, cigarette
smoking, alcohol use, blood pressure, body mass
index, and presence of coronary heart disease,
stroke, diabetes, cancer, lung disease, and arthritis.
Asterisk indicates P,.10; dagger, P,.05; double
dagger, P,.001. P for trend = .001. P values indicate statistically significant differences in mean
change in performance score when compared with
the lowest level of depressive symptoms (Center for
Epidemiologic Studies Depression Scale [CES-D]
score of 0-2).

3 components of the summary performance score: the CES-D score predicted
change in standing balance (b = −0.020,
P,.001), change in walking speed
(b = −0.014, P,.001), and change in ability to rise from a chair (b = −0.0051,
P = .02). Use of antidepressant drugs
(mostly amitriptyline) was significantly
higher (P = .003) among persons with depressed mood (10.2%) than among nondepressed persons (4.4%). However, antidepressant use was not associated with
change in physical performance, and additional adjustment for this variable did
not change the results of the regression
models.
For a graphical presentation of the
gradient effect of depressive symptoms,
the CES-D score was divided into 5 levels whereby the highest level corresponded with the depressed mood category ($20) and the remainder of the
scores were divided into 4 roughly equal
subgroups: 0 to 2, 3 to 6, 7 to 12, and 13 to
19. Adjusted mean changes in performance by level of depressive symptoms
are illustrated in Figure 3. This graph
illustrates that increasing levels of
depressive symptoms are associated
with greater physical decline (P for
trend = .001). When compared with the
reference group of persons with the lowest level of depressive symptoms (mean,
−1.27), a greater performance decline
was not only observed for persons with
CES-D scores of 20 or more (mean,
−2.26, P,.001), but also for those with
scores of 13 to 19 (mean, −1.75, P,.05)
and scores of 7 to 12 (mean, −1.59,
P,.10). An additional regression model
that used both the continuous CES-D
1724
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Depressed mood (CES-D $20): yes vs no
Persons with no disability in 1988 and 1992 (N = 728)†
Depressive symptoms (continuous CES-D score)
Depressed mood (CES-D $20): yes vs no

P

−0.036 (0.008)

,.001

−0.774 (0.207)

,.001

−0.031 (0.010)

.002

−0.646 (0.253)

,.001

−0.022 (0.010)

.03

−0.432 (0.280)

.13

*Adjusted for baseline performance score, age, sex, education, marital status, cigarette smoking, alcohol use,
body mass index, blood pressure, and presence of coronary heart disease, stroke, diabetes, cancer, lung disease,
and arthritis. CES-D indicates Center for Epidemiologic Studies Depression Scale.
†Considers activities of daily living disability as well as mobility disability.
Table 3.—Logistic Models Showing Association of Depressive Symptoms With Substantial Decline or
Improvement in Performance Score (1992-1988)*
Decline vs
No Change

Total cohort†
Depressive symptoms (CES-D score)
Depressive mood (yes vs no)
Persons with no disability in 1988‡§
Depressive symptoms (CES-D score)
Depressed mood (yes vs no)
Persons with no disability in 1988 and 1992‡\
Depressive symptoms (CES-D score)
Depressed mood (yes vs no)

Improve vs
No Change

OR (95% CI)

P

OR (95% CI)

P

1.02 (1.01-1.04)

.003

0.97 (0.95-0.99)

.02

1.55 (1.02-2.34)

.04

0.50 (0.28-0.92)

.03

1.03 (1.00-1.05)

.02

0.98 (0.95-1.00)

.14

1.63 (0.97-2.75)

.06

0.73 (0.35-1.52)

.40

1.03 (1.00-1.06)

.03

0.99 (0.96-1.02)

.38

1.83 (0.90-3.75)

.09

0.81 (0.32-1.99)

.64

*Adjusted for other significant predictors: baseline performance, age, sex, marital status (for improvement),
prevalent coronary heart disease, and lung disease (for decline). CES-D indicates Center for Epidemiologic Studies
Depression Scale. “Substantial decline” is defined as a change score of −3 or lower; “improvement,” a change score
of 1 or higher; and “no change,” a change score between −3 and 1.
†Of the total cohort, 400 declined, 671 were unchanged, and 215 improved.
‡Considers activities of daily living disability as well as mobility disability.
§Of the persons with no disability in 1988, 294 declined, 512 were unchanged, and 170 improved.
\Of the persons with no disability in 1988 and 1992, 169 declined, 415 were unchanged, and 144 improved.

score and the CES-D squared term
showed no significant improvement in
the prediction of change in performance,
demonstrating that the relationship between depressive symptoms and decline
in performance is not curvilinear.
To obtain a picture of the effect of depressive symptoms free of the possible
confounding effect of poor physical functioning, analyses were repeated among
the 976 persons who had no ADL or mobility disability at baseline in 1988 (Table
2). Again, the continuous CES-D score
and the indicator of depressed mood
were significant predictors of declined
physical performance (b = −0.031,
P = .002 and b = −0.646, P,.001, respectively). Even after a further restriction
to those without disability at baseline and
at follow-up in 1992, a similar, although
slightly weaker, picture emerged. A
higher CES-D score was significantly associated with change in performance
(b = −0.022, P = .03), and depressed mood
was marginally associated (b = −0.432,
P = .13). The absence of interaction between depressive symptoms and disability was confirmed by the nonsignificant
interaction (P = .72). To rule out other
possible interactions, additional analy-

ses were stratified by sex, education,
marital status, smoking behavior, and
presence of chronic disease, but the effect of depressive symptoms was found
to be consistent across subgroups (data
not shown).
The effect of depressive symptoms on
more substantial change in physical performance was studied in 2 sets of multivariate logistic regression analyses. In addition to depressive symptoms, covariates
predictive of substantial change in performance were included in the final models. For substantial decline (ie, decline of
at least 3 points), the covariates were as
follows: baseline performance (OR, 1.21;
95% confidence interval [CI], 1.14-1.28);
age (OR, 1.07; 95% CI, 1.04-1.10); prevalent coronary heart disease (OR, 1.73; 95%
CI, 1.09-2.07); and prevalent lung disease (OR, 1.50; 95% CI, 1.09-2.07). Table
3 shows that after adjustment for these
covariates a higher CES-D score significantly increased the risk of being among
those who had substantially declined vs
those in the no-change group (OR, 1.03;
95% CI, 1.01-1.04). Likewise, the dichotomous indicator demonstrates that depressed persons were 1.55 times more
likely than nondepressed persons to de-
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cline substantially in performance after
4 years. Results were similar after excluding persons with physical disabilities at baseline and follow-up.
Only a few covariates were associated
with improvement in performance. They
are baseline performance score (OR, 0.82;
95% CI, 0.92-0.99); age (OR, 0.94; 95% CI,
0.92-0.99); and being unmarried (OR, 0.56;
95% CI, 0.39-0.81). After adjustment for
these variables, both a higher CES-D
score and having a depressed mood significantly decreased the odds of being
among those who had improved (OR, 0.97;
95% CI, 0.95-0.99; and OR, 0.50; 95% CI,
0.28-0.92, respectively).
COMMENT
Our study provides evidence that depressive symptoms in older persons predict subsequent decline in physical performance after a 4-year period. Although
decreased levels of performance were
most pronounced in older persons with
significant depressed mood, among the
less severely depressed persons, the
level of symptoms of depression also
showed a gradient of risk for subsequent
physical decline. The results were similar when the analyses were restricted to
subjects without physical disability.
Thus, in older persons at the high end of
the functional spectrum, depressive
symptoms were also predictive of subsequent decline in physical performance.
Our results are compatible with findings by others that depressive symptoms were associated with subsequent
self-reported physical disability.1,6,7 However, by using a battery of physical
performance tests that covers the entire
spectrum of physical functioning, we demonstrate that the effect of depressive
symptoms is not limited to physical disability, but that depressive symptoms also
predict physical decline outside the disabled range. Since performance-based
measures have been shown to be less biased by mood, cognition, and personality
aspects than by self-reports of physical disability,10,11 our findings provide additional, more compelling evidence for a link
between depressive symptoms and subsequent physical decline. Our results
complement another set of populationbased research data indicating that poor
physical function is a risk factor for the onset of depressive symptoms.33,34 These 2
bodies of research suggest that depression and poor physical function are mutually reinforcing, causing a progressive
downward spiral in the physical and psychological health of older persons.
Researchers have hypothesized both
biologically mediated pathways and psychological mechanisms for a link between depressive symptoms and physical function. Animal and human studies
JAMA, June 3, 1998—Vol 279, No. 21

found that psychological distress causes
neural, hormonal, and immunological alterations. By increasing the sympathetic tone, decreasing vagal tone, and
causing immunosuppression, depressed
mood may enhance susceptibility to disease and result in decreased physical
health in general.35-37 Also, persistent somatic symptoms of depression, such as
fatigue or sleeplessness, may worsen the
health status over time. Via psychological mechanisms, depressed mood may impede recovery processes by discouraging persons from obtaining adequate
medical attention and rehabilitation; following treatment regimens; or engaging in healthy lifestyles, such as exercising, not smoking, and maintaining
healthful eating habits. Data collected in
the first EPESE interview in 1982 provided some evidence for physical activity as one of the mechanisms in the link
between depression and physical decline: depressive symptoms were significantly associated with less engagement
in walking, gardening, and vigorous exercise activities during the last month.
Future studies should further examine
to what extent reduced engagement in
physical activities explains the greater
physical decline in older depressed persons. Furthermore, depression may limit
cognitive capacities and may cause a tendency to amplify physical symptoms such
as fatigue and pain.38 This psychological
conduct may undermine the effort needed
to maintain physical function over time.
Some alternative explanations should
be given as well. Depressive symptoms
may represent an adjustment reaction to
subclinical symptoms or disease that, in
themselves, would place subjects at
greater risk for subsequent physical decline. In addition, performance measures
reflect not only what a person is physically capable of doing but also what a person is willing or motivated to do. However, since we used longitudinal data with
adjustment for level of performance at
the time that depression was measured,
it is not likely that our findings are explained by a reduced motivation to perform among the depressed subjects. Finally, the depression and physical decline
link may be due to a third factor (such as
organic brain dysfunctions) that is related
to both conditions.
Physical function is an integral component of achieving and maintaining
independence in ADL and a major contributor to the overall health status of
elders. Lower levels of physical performance strongly predict institutionalization, death, and subsequent disability.
In line with others,24,39 our findings suggest that physical decline reflects multiple factors, including older age, disease
status, and psychosocial factors. In

contrast to most other significant predictors, depression is a potentially modifiable and preventable condition. Therefore, prevention and treatment of
depressive symptoms may be one of the
most effective targets for interventions
aimed at reducing physical decline and
increasing the number of years during
which older people are free of disability.
Although such interventions might be
more feasible and cost-effective if limited to the most depressed persons, our
findings suggest that there may not be a
need to limit these efforts strictly to
those who meet certain criteria for depressive disorders. The risk association
between depressive symptoms and
physical decline seems to represent a
continuum along the entire spectrum of
physical function. Even outside the disabled range, a higher level of depressive
symptoms increases the risk for subsequent decline in physical performance.
As opposed to major depression defined by DSM-IV criteria, depressed
mood is very common in the older general population, affecting more than 10%
in our cohort. Unfortunately, depressed
mood in older persons is often unrecognized,40,41 and the treatment approach
when diagnosed is unclear. Although
more appropriate care for depressed
mood, consisting of increased counseling
and use of appropriate antidepressant
medications, has been shown to be costeffective in terms of commensurate improvements in older persons’ health and
well-being per dollar spent,42 few formal
clinical trials have been conducted. Our
data suggest that such trials may be useful to see whether treatment of depressed mood may prevent the process
whereby depressive symptoms and
physical dysfunctions interact to cause a
progressive downward spiral in the
health status of older persons.
This study was supported by contracts N01-AG0215, N01-AG-02106, and N01-AG-02107 from the
National Institute on Aging. Dr Penninx was supported by the Dutch Niels Stensen Stichting Foundation.
References
1. Broadhead WE, Blazer DG, George LK, Tee C.
Depression, disability days, and days lost from work
in a prospective epidemiologic survey. JAMA. 1990;
264:2524-2528.
2. Beekman ATF, Deeg DJH, van Tilburg T, Smit
JH, Hooijer C, van Tilburg W. Major and minor depression in later life: a study of prevalence and risk
factors. J Affect Disord. 1995;36:65-75.
3. Unützer J, Patrick DL, Simon G, et al. Depressive symptoms and the cost of health services in
HMO patients aged 65 years and older. JAMA. 1997;
277:1618-1623.
4. Barefoot JC, Schroll M. Symptoms of depression,
acute myocardial infarction, and total mortality in a
community sample. Circulation. 1996;93:1976-1980.
5. Johnson J, Weissman MM, Klerman GL. Service
utilization and social morbidity associated with depressive symptoms in the community. JAMA. 1992;
267:1478-1483.

Depressive Symptoms and Physical Decline—Penninx et al

©1998 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ on 12/06/2021

1725

6. Gallo JJ, Rabins PV, Lyketsos CG, Tien AY, Anthony JC. Depression without sadness: functional
outcomes of nondysphoric depression in later life.
J Am Geriatr Soc. 1997;45:570-578.
7. Bruce ML, Seeman TE, Merrill SS, Blazer DG.
The impact of depressive symptomatology on physical disability: MacArthur Studies of Successful Aging. Am J Public Health. 1994;84:1796-1799.
8. Wells KB, Stewart S, Hays RD, et al. The functioning and well-being of depressed patients: results from the Medical Outcomes Study. JAMA.
1989;262:914-919.
9. Guralnik JM, Branch LG, Cummings SR, Curb D.
Physical performance measures in aging research.
J Gerontol Med Sci. 1989;44:141-146.
10. Cress ME, Schechtman KB, Mulrow CD, Fiatarone MA, Gerety MB, Buchner DM. Relationship
between physical performance and self-perceived
physical function. J Am Geriatr Soc. 1995;43:93-101.
11. Kempen R, Steverink N, Ormel J, Deeg DJH.
The assessment of ADL among frail elderly in an
interview survey: self-report versus performance
based tests and determinants of discrepancies.
J Gerontol Psychol Sci. 1996;51B:254-260.
12. Tinetti ME, Ginter SF. Identifying mobility dysfunctions in elderly patients: standard neuromuscular examination or direct assessment? JAMA.
1988;259:1190-1193.
13. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons living in the
community. N Engl J Med. 1988;319:1701-1707.
14. Guralnik JM, Simonsick EM, Ferrucci L, et al. A
short physical performance battery assessing lower
extremity function: association with self-reported
disability and prediction of mortality and nursing
home admission. J Gerontol A Biol Sci Med Sci.
1994;49:85-94.
15. Guralnik JM, Winograd CH. Physical performance measures in the assessment of older persons
[editorial]. Aging Clin Exp Res. 1994;6:303-305.
16. Guralnik JM, Ferrucci L, Simonsick EM, Salive
ME, Wallace RB. Lower-extremity function in
persons over the age of 70 years as a predictor
of subsequent disability. N Engl J Med. 1995;332:
556-561.

1726

JAMA, June 3, 1998—Vol 279, No. 21

17. Cornoni-Huntley J, Ostfeld AM, Taylor JO, et
al. Established populations for epidemiologic studies in the elderly: study design and methodology.
Aging Clin Exp Res. 1993;5:27-37.
18. Radloff LS. The CES-D scale: a self-report depression scale for research in the general population. Appl Psychol Meas. 1977;1:385-401.
19. Kohout FJ, Berkman LF, Evans DA, CornoniHuntley J. Two shorter forms of the CES-D Depression Symptoms Index. J Aging Health. 1993;5:
79-193.
20. Huisiani BA, Neff JA, Harrington JB, Hughes
MD, Stone RH. Depression in rural communities:
validating the CES-D Scale. J Community Psychol.
1980;8:20-27.
21. Beekman ATF, Deeg DJH, van Limbeek J,
Braam AW, de Vries MZ, van Tilburg W. Criterion
validity of the Center for Epidemiologic Studies Depression scale (CES-D): results from a community
based sample of older adults in the Netherlands.
Psychol Med. 1997;27:231-235.
22. Lyness JM, Tamson KN, Cox C, King DA, Conwell Y, Caine ED. Screening for depression in elderly primary care patients. Arch Intern Med. 1997;
157:449-454.
23. Nevitt MC, Cummings SR, Kidd S, Black D.
Risk factors for recurrent nonsyncopal falls: a prospective study. JAMA. 1989;261:2663-2668.
24. Seeman TE, Charpentier PA, Berkman LF, et
al. Predicting changes in physical performance in a
high-functioning elderly cohort: MacArthur Studies of Successful Aging. J Gerontol Med Sci. 1994;
49:97-108.
25. Winograd CH, Lemsky CM, Nevitt MC, et al.
Development of a physical performance and mobility examination. J Am Geriatr Soc. 1994;42:743-749.
26. Hypertension Detection and Follow-up Program Cooperative Group. Blood pressure studies in
14 communities: a two-stage screen for hypertension. JAMA. 1977;237:2385-2391.
27. World Health Organization. Manual of the International Statistical Classification of Diseases,
Injuries, and Causes of Death. Geneva, Switzerland: World Health Organization; 1977.
28. Rose GA.The diagnosis of ischaemic heart pain

and intermittent claudication in field surveys. Bull
WHO. 1962;27:645-658.
29. Rosow I, Breslau N. A Guttman health scale for
the aged. J Gerontol. 1966;39:686-691.
30. Katz S, Ford AB, Moskowitz RW, Jackson BA,
Jaffe MW. Studies of illness in the aged: the index of
ADL: a standardized measure of biological and psychosocial function. JAMA. 1963;185:94-99.
31. Cronbach LJ, Furby L. How we should measure
“change”: or should we? Psychol Bull. 1970;74:68-80.
32. SPSS Advanced Statistics Reference Guide. Release 60. Chicago, Ill: SPSS Inc; 1993.
33. Turner RJ, Noh S. Physical disability and depression: a longitudinal analysis. J Health Soc Behav. 1988;29:23-37.
34. Ormel J, VonKorff M, vanden Brink W, Katon
W, Brilman E, Oldehinkel T. Depression, anxiety,
and disability show synchrony of change. Am J Public Health. 1993;83:385-390.
35. Kronfol Z, House J. Depression, cortisol, and
immune function. Lancet. 1984;1:1026-1027.
36. Miller AH, Spencer RL, McEwen BS, Stein M.
Depression, adrenal steroids, and the immune system. Ann Med. 1993;25:481-487.
37. Stein M, Miller AH, Trestman RL. Depression,
the immune system, and health and illness. Arch
Gen Psychiatry. 1991;48:171-177.
38. Barsky AJ, Goodson JS, Lane RS, Cleary PD.
The amplification of somatic symptoms. Psychosom
Med. 1988;50:510-519.
39. Seeman TW, Berkman LF, Charpentier PA,
Blazer DG, Albert MS, Tinetti ME. Behavioral and
psychosocial predictors of physical performance:
MacArthur Studies of Successful Aging. J Gerontol
Med Sci. 1995;50A:177-183.
40. Ormel J, Koster MW, van den Brink W, van de
Willige G. Recognition, management, and course of
anxiety and depression in general practice. Arch
Gen Psychiatry. 1991;48:700-706.
41. Hirschfeld RMA, Keller MB, Panico S, et al. The
National Depressive and Manic-Depressive Association consensus statement on the undertreatment
of depression. JAMA. 1997;277:333-340.
42. Sturm R, Wells K. How can care for depression
become more cost-effective? JAMA. 1995;273:51-58.

Depressive Symptoms and Physical Decline—Penninx et al

©1998 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ on 12/06/2021

