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ABSTRACT
Background Depressed older individuals have a higher
mortality than older persons without depression.
Depression is associated with physical inactivity, and low
levels of physical activity have been shown in some
cohorts to be a partial mediator of the relationship
between depression and cardiovascular events and
mortality.
Methods A cohort of 5888 individuals (mean
72.865.6 years, 58% female, 16% African-American)
from four US communities was followed for an average
of 10.3 years. Self-reported depressive symptoms
(10-item Center for Epidemiological Studies Depression
Scale) were assessed annually and self-reported physical
activity was assessed at baseline and at 3 and 7 years.
To estimate how much of the increased risk of
cardiovascular mortality associated with depressive
symptoms was due to physical inactivity, Cox regression
with time-varying covariates was used to determine the
percentage change in the log HR of depressive
symptoms for cardiovascular mortality after adding
physical activity variables.
Results At baseline, 20% of participants scored above
the cut-off for depressive symptoms. There were 2915
deaths (49.8%), of which 1176 (20.1%) were from
cardiovascular causes. Depressive symptoms and
physical inactivity each independently increased the risk
of cardiovascular mortality and were strongly associated
with each other (all p<0.001). Individuals with both
depressive symptoms and physical inactivity had greater
cardiovascular mortality than those with either
individually (p<0.001, log rank test). Physical inactivity
reduced the log HR of depressive symptoms for
cardiovascular mortality by 26% after adjustment. This
was similar for persons with (25%) and without (23%)
established coronary heart disease.
Conclusions Physical inactivity accounted for
a significant proportion of the risk of cardiovascular
mortality due to depressive symptoms in older adults,
regardless of coronary heart disease status.

INTRODUCTION
Depression has been associated with increased
cardiovascular mortality in older individuals in
most,1e4 but not all,5 6 studies. Multiple potential
behavioural and biological mechanisms have been
proposed to explain this association,7 and it is likely
that several mediating factors play a role. One
important plausible mediating factor to consider is
physical inactivity since many patients with
depression are physically inactive.8 9 In addition,

a strong inverse relationship exists between self-
reported activity levels,10e16 as well as objective
measures of daily energy expenditure,16 and
mortality risk. The adverse health consequences of
physical inactivity are greater in adults aged
$65 years than in younger individuals.10e13

Physical inactivity has been shown partially to
mediate the relationship between depression and
mortality among persons with established
cardiovascular disease,7 17 18 but the possibility
that physical inactivity mediates the relationship
between depression and mortality in individuals
without known heart disease is not well docu-
mented using longitudinal assessments. In the
Finland, Italy and the Netherlands Elderly (FINE)
study,19 physical inactivity explained only a small
percentage (9%) of the increased mortality risk
due to depressive symptoms in men aged
70e90 years who were free of cardiovascular
disease at baseline.
The Cardiovascular Health Study (CHS) is

a prospective observational study of community-
dwelling individuals aged $65 years from whom
extensive repeated evaluations of health informa-
tion have been collected by systematic interviews
and clinical examination. Previous studies have
shown that both physical inactivity12 and depres-
sive symptoms4 independently predict increased
mortality in this cohort of individuals. The present
study examined whether physical inactivity is
a mediator of the increased risk of cardiovascular
mortality associated with depressive symptoms
among community dwelling older adults, adjusting
for demographic variables, comorbid medical
conditions and health behaviours.

METHODS
Study population
The CHS is a multicentre prospective cohort study
of cardiovascular risk factors in ambulatory non-
institutionalised men and women aged $65 years.
Participants were randomly selected using Medicare
eligibility lists of the Health Care Financing
Administration from four communities in the USA:
Washington County, Maryland; Forsyth County,
North Carolina; Allegheny County, Pennsylvania;
and Sacramento County, California. Initial recruit-
ment of 5201 subjects occurred in 1989 with an
additional 687 African-Americans recruited 3 years
later, bringing the total to 5888 participants. The
institutional review board at each centre approved
the study and participants gave informed consent.
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Additional details of the study design and recruitment process
have been published previously.20 21

The baseline visit included a standardised physical examina-
tion and questionnaire, laboratory testing and diagnostic
evaluation. Participants returned annually for nine additional
clinic visits and were also contacted by telephone every
6 months. Individual follow-up was available up to 14 years, the
date of last known contact or death, whichever occurred first.

Information was gathered on smoking status, alcohol
consumption, medications and medical conditions including
coronary heart disease (defined as angina, previous myocardial
infarction or coronary revascularisation), heart failure, stroke,
hypertension and diabetes. Examination included measurement
of body mass index, waist-to-hip ratio and seated blood pressure
using a random zero sphygmomanometer. Participants also had
a standard resting 12-lead ECG, echocardiogram and laboratory
tests including serum cholesterol, glucose, creatinine and C
reactive protein.

Assessment of physical activity
Usual physical activity was assessed by a self-report question-
naire at baseline and again after 3 and 7 years. Four aspects of
physical activity were evaluated:
1. Leisure time activity was assessed by a modified Minnesota

Leisure-Time Activities questionnaire which asked partici-
pants about 15 different activities during the previous
2 weeks.22 The questionnaire has been validated previously
in other cohorts.23 Responses were used to estimate energy
expenditure in kilocalories per week and then categorised into
quintiles.

2. Exercise was categorised as no exercise, low, moderate and
high intensity as previously described.24 Briefly, participants
who engaged in at least one of swimming, hiking, aerobics,
tennis, jogging or racquetball or who walked for exercise at
a brisk (>4 mph) pace were categorised as having engaged in
high-intensity activity; those who engaged in at least one of
gardening, mowing, raking, golf, bowling, biking, dancing,
calisthenics or exercise cycle or who walked for exercise at an
average (>2e3 mph) or fairly brisk pace (>3e4 mph) were
categorised as having engaged in moderate intensity activity;
and participants who did not report participating in any of
the 15 leisure time activities or who walked for exercise at
a casual or strolling pace (<2 mph) were categorised as having
engaged in low intensity activity.

3. Distance walked in blocks was categorised into quintiles.
4. Pace of walking was categorised as no walking, <2, 2e3, 3e4

and >4 mph.
To obtain an overall assessment of physical activity we

created a composite Physical Activity Score (PAS) from these
four components. A score of 0 was assigned to the lowest
category in each area with 1 point for each increase in each
domain of physical activity. This provided a range of 0 (least
active) to 15 (most active). This score was then categorised into
four groups: PAS 0e3, 4e7, 8e11 and 12e15. The internal
consistency of this scale was good (Cronbach’s a¼0.78).

Assessment of depressive symptoms
The short (10-item) version25 of the Center for Epidemiological
Studies Depression (CES-D) scale26 was used annually to assess
self-reported depressive symptoms experienced in the past week.
This version of the CES-D has shown good validity versus the
20-item CES-D, particularly in epidemiological studies and older
populations.25 The scale consists of 10 items, each scored 0e3,
for a maximum of 30 points. Higher scores indicate greater

frequency of depressive symptoms and correlate with an
increased risk of clinical depression.
Depression scores were dichotomised at each visit with a cut-

off of $8 as in previous studies in the CHS,4 27 creating low
(CES-D <8) and high (CES-D $8) groups for analysis. The
cut-off of 8 on the short version of the CES-D corresponds to
a cut-off of $16 on the 20-item version of the CES-D.

Assessment of events and cardiovascular mortality
All events occurring after the baseline visit were classified as
incident events and were adjudicated by a centralised
committee.22 The cause of death was determined from medical
records, death certificates, ICD codes, obituaries and interviews
with relatives and contacts. Cardiovascular deaths were those
due to atherosclerotic coronary disease, cerebrovascular disease
(stroke), other atherosclerotic disease (such as aortic aneurysm)
and other vascular disease (such as valvular heart disease or
pulmonary embolism).28 The CHS has nearly 100% ascertain-
ment of mortality status.

Statistical analysis
Missing data for any visit the participant was known to have
attended were replaced with data from other visits. Missing
baseline data were filled with values from the next available
visit. When data were missing at later visits, the last observation
was carried forward. This was done to maintain a more
consistent sample size, as it may vary substantially when using
time-varying covariates in analyses. Approximately 5% of data
was missing at any visit for any variable. Missing data on
depressive symptoms ranged from 1.5% at baseline to 10% at
later visits. Participants who had never had an assessment of
physical activity or depressive symptoms at any time during the
study were excluded (n¼36). Data from 5852 participants
remained for analysis.
Baseline characteristics were compared between high and low

depressive symptoms groups using t tests with unequal variance
for continuous variables and c2 tests for dichotomous variables.
The characteristics of the physical activity groups were
compared using univariate linear (continuous variables) and
logistic (dichotomous variables) regression evaluating for trend.
The association between physical activity and depressive
symptoms at baseline was evaluated using multivariate linear
and logistic regression models.
Cox proportional hazards regression was used to estimate the

risk of cardiovascular mortality associated with depressive
symptoms, physical inactivity and other covariates. In the
models, participants were included up to the date of death or
last known visit. The group of 687 African-Americans recruited
3 years after study initiation was treated as a late entry cohort
and immortal person-time before recruitment was removed.
Variables were chosen for the final model based on the signifi-
cance of their univariate associations as well as clinical interest.
The proportional hazards assumption was checked with
a log-log plot of the survival function and was met for both
depression and physical inactivity.
All variables were treated as time-varying. For example, the

CES-D was administered at baseline and annually for 9
additional years, so individuals may have up to 10 measure-
ments. After dichotomisation they may fall into both high and
low depression score groups at different points during follow-up.
The Cox models used all available measurements and alternated
the person-time to the appropriate risk group. Using repeated
measurements reduces misclassification bias and provides more
accurate estimates of risk throughout follow-up and at the time

Heart 2011;97:500e505. doi:10.1136/hrt.2010.209767 501

Epidemiology

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2010.209767 on 21 F

ebruary 2011. D
ow

nloaded from
 

http://heart.bmj.com/


of events. For incident events occurring between visits, that
period was updated if it occurred in the first half. For example, if
a participant suffered a stroke 4 months after his fifth annual
visit, the period between the fifth and sixth visits and subse-
quent periods were reclassified as prevalent stroke. If it occurred
at 8 months, only subsequent periods were reclassified.

To estimate how much of the increased risk of cardiovascular
mortality due to depressive symptoms may be accounted for by
physical inactivity, we determined the percentage change in the
coefficient for depression after physical activity variables were
individually added to Cox models. This was calculated as:

log(HRdepression [model without physical activity]) e log
(HRdepression [model with physical activity])/log(HRdepression

model without physical activity).
We considered this percentage change in the logHR of

depression to be a measure of confounding or mediation. This
was calculated for the PAS and for each of its components.

Subgroup analyses were performed in a similar fashion,
stratifying by baseline coronary heart disease status, race and
gender. We also performed sensitivity analyses by using only
baseline data, no time-varying covariates and without filling in
missing values. A two sided p value <0.05 was considered
statistically significant. All analyses were performed in STATA
Version 10.1 (StataCorp LP).

RESULTS
At study entry the mean6SD age of the participants was
72.865.6 years (range 65e100); 58% were female and 16% were
non-white, of whom 96% were African-Americans. Differences
in characteristics of participants at study entry by depression
score and physical activity group are shown in table 1. Partici-
pants with a CES-D score above the cut-off were more often
female, non-white, current smokers, less educated, consumed
less alcohol and had a greater prevalence of comorbidities. About
8% of those with high depression scores were taking antide-
pressants compared with 3% of the participants with low
depression scores. Those who were more physically inactive
were older, more often female, non-white, current smokers, less
educated and consumed less alcohol than physically active
participants. They had higher body mass index and blood pres-
sure, more comorbidities and less favourable lipid and chemistry
profiles than more physically active participants.

The percentage of participants with a CES-D score above the
cut-off increased over time, ranging from 20% at baseline to 30%
after 10 years. During this time the study population also
became less physically active with an overall shift towards lower
activity groups. The percentage of persons falling into the
lowest activity group increased from 10% at baseline to 19% at
10 years, while the percentage in the highest activity group fell
from 14% to 9%. Depression scores and physical activity levels
were strongly associated. After adjustment for age, race and sex,
persons in the lowest physical activity group were more likely to
have a high depression score than those in the most active group
(OR 3.4; 95% CI 2.6 to 4.5; p<0.001). The results were similar
when variables were treated as continuous and for each
component of the PAS examined individually (not shown).

The mean follow-up duration was 10.3 years (maximum 14),
which provided 60 652 person-years of observation. Mean
follow-up duration was shorter for non-white participants
(9.1 years), in part because most (71%) entered the study 3 years
after the original cohort because of the recruitment of 687
African-Americans at that time. Overall, there were 2915 deaths
(49.8%), including 1176 cardiovascular deaths (20.1%).

The risk for cardiovascular mortality stratified by level of
depressive symptoms and by physical activity scores is shown in
table 2. Persons with high depression scores had a 27% (multi-
variable adjusted) to 67% (unadjusted) increased risk of
cardiovascular death compared with those with low depression
scores. For physical activity, a stepwise increase in the risk of
cardiovascular death was observed among progressively less
active groups. Compared with those in the most active group,
persons in the lowest activity group had a 217% (multivariable
adjusted) to 425% (unadjusted) increased risk of cardiovascular
mortality.
Table 3 shows the percentage reduction in the logHR of the

depression score for cardiovascular mortality after adding
physical activity to the multivariable adjusted models. In the full
cohort the addition of PAS resulted in a 26% reduction in the
logHR while its individual components accounted for reductions
of 10e19%. This effect was similar when the 4671 (79.8%)
participants without known coronary heart disease were
compared with the 1181 (20.2%) participants with known
coronary heart disease.
Physical inactivity accounted for a greater percentage of the

risk due to depression in men than in women. The addition of
PAS reduced the logHR of depression by 31% in men and by 22%
in women, with similar results in the individual components.
PAS also tended to account for a greater percentage of the risk
among white (27%) compared with non-white (11%) partici-
pants. However, the logHR of depression among non-whites in
multivariable models did not achieve statistical significance
(p range 0.16e0.24).
In a KaplaneMeier analysis (figure 1), physical inactivity

(median PAS score #7) combined with high depressive symp-
toms (CES-D $8) were associated with a significantly greater
risk than having either condition alone (both p<0.001, log rank
test). At these cut-off values the risk due to physical inactivity
was greater than the risk due to high depressive symptoms
(p¼0.004, log rank test). The magnitude of the increase in risk
between inactive and active participants was the same in both
depression groups (p for interaction¼0.251, demographic
adjusted), suggesting that the risks of depression and inactivity
for cardiovascular death are additive. Overall, the results were
similar when using only baseline data (without time-varying
covariates) and without substitution of missing data.

DISCUSSION
This study shows that community-dwelling older adults in the
CHS with high depression scores were at an increased risk of
cardiovascular mortality during a follow-up period of approxi-
mately 10 years. Individuals with CES-D scores above the
cut-off had a 67% greater risk of cardiovascular mortality than
individuals with low depression scores, a risk that remained
significant after adjustment for other important predictors of
cardiovascular mortality. This finding alone is not surprising
since previous reports from the CHS have shown that depres-
sion is associated with greater all-cause mortality4 and
cardiovascular mortality27 in this cohort. This study addressed
the contribution of physical inactivity to the increased mortality
risk related to depression, since physical inactivity has been
associated with substantially higher mortality in the CHS12 and
since depression is known to be associated with physical inac-
tivity.8 9 The major new finding of the present study is that
physical inactivity accounts for approximately 25% of the
increased risk of cardiovascular mortality due to depression in
community-dwelling older adults.
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Other studies have reported that physical inactivity may be
a partial mediator of the relationship between depression and
cardiovascular events7 or mortality.18 In a group of initially
medically stable patients with coronary artery disease, Brum-
mett et al18 found that depressive symptoms were associated
with increased mortality and with physical inactivity, as in the
present study. These authors found that physical inactivity
partially mediated the relationship between depression and
mortality in patients with established coronary artery disease. A
13% reduction in the parameter estimate for Zung depression
scores was reported after adding exercise to the Cox regression
model used to identify factors predictive of survival in that
population. Whooley et al7 reported that physical inactivity
accounted for almost half of the association between depressive
symptoms and cardiovascular events in a group of outpatients

with stable coronary heart disease. These findings suggest that
physical inactivity may play a somewhat more important role in
a clinic-based population of individuals with established coro-
nary heart disease than in community-dwelling older adults,
although direct comparisons between studies is challenging
because of differences in how physical activity is measured, in
the methodology used to assess the contribution of physical
inactivity to the increased risk of depression, and in the predic-
tors of cardiovascular mortality accounted for in the analyses.
There are also important differences in patient populations
between studies which make direct comparisons difficult.
Participants in the CHS were on average more than 20 years
older than in the study by Brummett et al18 and 58% were
women in the present study compared with only 18% in the
studies by Brummett et al18 and by Whooley et al.7 Both studied

Table 1 Baseline characteristics according to depression score and physical activity group

Depressive symptoms* Physical activity group score (lower score[less active)

Characteristic Low (n[4600)
High
(n[1252) p Value y

I: 0e3
(n[653)

II: 4e7
(n[1914)

III: 8e11
(n[2546)

IV: 12e15
(n[739) p Value z

Age, years 72.765.5 73.265.9 0.022 75.666.6 73.565.8 72.265.2 70.964.2 <0.001

Gender, % female 54.7 68.5 <0.001 69.2 62.2 54.6 46.1 <0.001

Race, % white 85.6 76.8 <0.001 69.5 78.9 88.4 92.7 <0.001

Education beyond HS, % 72.7 62.9 <0.001 56.8 63.6 74.5 87.1 <0.001

Current smoker, % 11.2 14.1 0.044 12.3 14.7 10.6 8.5 0.015

Former smoker, % 42.5 38.0 0.037 35.8 39.3 42.4 49.3 <0.001

Alcoholic drinks/week 2.766.7 1.765.3 <0.001 1.766.0 2.266.6 2.666.4 3.366.4 <0.001

BMI, kg/m2 26.664.6 27.065.2 0.038 28.066.2 27.365.0 26.364.1 25.563.7 <0.001

Systolic BP, mm Hg 136.3621.6 137.4622.5 0.142 141.2622.9 137.8622.0 135.4621.5 133.1620.6 <0.001

Diastolic BP, mm Hg 70.8611.3 70.5611.7 0.398 71.6612.1 70.7611.4 70.3611.1 71.1611.5 0.233

Hypertension, % 42.8 50.4 <0.001 55.2 49.2 41.1 34.0 <0.001

CHD, % 18.7 25.8 <0.001 28.2 21.5 17.9 17.6 <0.001

CHF, % 4.5 7.8 <0.001 11.8 6.6 3.4 2.3 <0.001

Diabetes, % 15.3 19.9 <0.001 25.7 18.3 13.9 11.1 <0.001

LDL-C, mg/dl 129.8635.5 129.6636.6 0.845 132.9638.9 129.0636.1 130.0634.9 128.2634.8 0.112

HDL-C, mg/dl 53.9615.6 55.2615.9 0.014 53.9615.9 53.2615.3 54.6615.7 55.8616.4 0.001

Triglycerides, mg/dl 138.6676.1 143.2679.7 0.073 149.4691.3 142.7674.7 137.0676.6 132.3667.8 <0.001

CRP, mg/dl 4.6368.05 5.6569.84 <0.001 6.6568.57 5.6069.94 4.2467.62 3.4066.34 <0.001

Cystatin C, mg/l 1.1160.33 1.1460.39 0.042 1.2660.50 1.1560.39 1.0960.28 1.0460.25 <0.001

Creatinine, mg/dl 1.0760.40 1.0660.40 0.455 1.1560.54 1.0860.44 1.0560.35 1.0460.25 <0.001

TCA, % 2.0 5.3 <0.001 5.4 3.2 2.2 1.0 <0.001

Non-TCA, % 0.6 2.3 <0.001 1.8 1.1 0.9 0.3 0.003

Data expressed as mean6SD for continuous variables or percentage for dichotomous variables.
*Depressive symptoms based on the Center for Epidemiological Studies-Depression Scale (10-item version): low (score 0e7) and high (score $8).
yp Values from two-sample t tests for continuous and c2 tests for dichotomous variables.
zp Values from linear regression for continuous and logistic regression for dichotomous variables.
BP, blood pressure; BMI, body mass index; CHD, coronary heart disease; CHF, congestive heart failure; CRP, C reactive protein; HS, high school; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; TCA, tricyclic antidepressant use.

Table 2 Risk of cardiovascular mortality by depression score and physical activity

Groupy No of deaths Person- years
Incidence per
1000 person-years

Unadjusted/univariate
HR (95% CI)

Demographic adjusted
HR (95% CI)*

Multivariable adjusted
HR (95% CI)z

Depressive symptomsx
Low (n¼4600) 709 44 047 16 1.0 (reference) 1.0 (reference) 1.0 (reference)

High (n¼1252) 467 16 605 28 1.67 (1.49 to 1.88) 1.63 (1.45 to 1.84) 1.27 (1.12 to 1.44)

Physical activity score (PAS)

Group IV: 12e15 (n¼739) 59 6695 9 1.0 (reference) 1.0 (reference) 1.0 (reference)

Group III: 8e11 (n¼2546) 313 24 048 13 1.45 (1.10 to 1.92) 1.36 (1.03 to 1.80) 1.23 (0.93 to 1.63)

Group II: 4e7 (n¼1914) 449 21 336 21 2.24 (1.71 to 2.94) 2.16 (1.64 to 2.84) 1.71 (1.30 to 2.26)

Group I: 0e3 (n¼653) 355 8574 41 4.25 (3.22 to 5.61) 3.59 (2.70 to 4.77) 2.17 (1.62 to 2.91)

All p values<0.001 except PAS group III: p¼0.008 (unadjusted), p¼0.031 (demographic) and p¼0.143 (multivariable).
*Adjusted for age, race and gender.
yThe number of participants in each group is taken from baseline.
zAdjusted for age, race, gender, clinic location (four sites), education (less than high school, high school, beyond high school), body mass index (underweight, normal, overweight, obese),
smoking (never, former, current), alcohol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, diabetes, hypertension, coronary heart disease, congestive heart failure,
stroke and antidepressant medication use.
xDepressive symptoms based on the Center for Epidemiological Studies-Depression Scale (10-item version): low (score 0e7) and high (score $8).
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patients with established cardiovascular disease, whereas only
about 20% of participants in the CHS had established cardio-
vascular disease. Our findings should therefore be more
generalisable to the older population and suggest that depressed
individualsdregardless of whether they have established
cardiovascular diseasedmay be able to reduce some of the risk
due to depression by being more physically active. Of note,
when the analysis was restricted only to CHS participants with
established cardiovascular disease, our findings did not change
substantially.

In the FINE study,19 as in the present study, depressive
symptoms were associated with lower levels of self-reported
physical activity, and both depressive symptoms and physical
inactivity were associated with increased cardiovascular
mortality. However, physical inactivity was felt to account for
a smaller percentage of the increased mortality risk related to
depression (ie, only 9%), and the authors concluded that it was
not likely to be a mediator of the relationship between depres-
sive symptoms and increased mortality.29 There were important
differences in the FINE study and the present report. The FINE
population was smaller (n¼909 vs 5888 in our study); the
participants were from Finland, the Netherlands and Italy versus
the USA; the participants were all men (vs 58% women in our
study); only baseline measurements were used; a different
measure of physical activity was used from that in the CHS; and

a different measure of depression was used (the Zung depression
scale vs the CES-D in the CHS).
Not surprisingly, high depression scores and low physical

activity were strongly associated in the present study. Individuals
in the lowest physical activity group were >3 times as likely to
have a high depression score as those in the most active group.
Previous work in this area shows that the relationship between
depression and physical inactivity is complex and bidirectional.
Regular physical activity decreases the risk of depression29

whereas cessation of exercise can lead to the development of
depressive symptoms.30 A recent systematic review provided
evidence for the other direction of this relationshipdnamely, that
baseline depression might lead to the development of a sedentary
lifestyle or to a lower level of physical activity.9

The present study has several important strengths including
the large number of participants, the inclusion of individuals
with and without known coronary heart disease at baseline, and
the relatively long period of follow-up (up to 14 years). The CHS
also provides nearly 100% ascertainment of mortality and
obtained many time-varying covariates with multiple repeated
measures over time, reducing misclassification. In addition, the
participants in the CHS were randomly selected from four
geographically distinct communities and are likely to be more
representative of the US population as a whole. The only
previous study that examined whether physical
inactivity mediates the relationship between depression and
mortality among community-dwelling older adults without
known heart disease included only men,19 whereas the present
study included both men and women.
One limitation of our study is that the percentage reduction

in the logHR of depression could represent not only mediation
by physical inactivity but might also be due to confounding if
physical inactivity preceded depressive symptoms. However,
since depression has previously been shown to lead to inac-
tivity,8 much of this effect may be due to mediation. There are
also limitations of the measures of both physical activity and
depression. In the CHS, physical activity was determined by
self-report rather than by objective measures and self-reported
physical activity may be influenced by social desirability and
social approval.31 Of note, however, studies have shown that
self-report is highly correlated to more objective measures of
physical activity and fitness, including treadmill performance32

and maximal oxygen consumption.33 Since physical activity has
many dimensions, a strength of our study is that participants
were asked about a variety of different domains of physical
activit, including multiple common leisure time activities. In
addition, information was obtained about a variety of different
attributes of these activities including frequency, duration, pace
and intensity.

Table 3 Percentage reduction in the log hazard ratio of depressive symptoms for cardiovascular mortality after adding physical activity variables

Variable
Full cohort
(N[5852)

No CHD*
(N[4671)

CHD*
(N[1181)

Female
(N[3374)

Male
(N[2478)

White
(N[4900)

Non-white
(N[952)

Physical Activity Score (PAS)z 26 23 25 22 31 27 11

Components of PASy
Leisure time activity 10 8 11 8 29 12 0

Exercise intensity 10 11 8 13 23 11 4

Blocks walked 15 13 16 11 37 15 15

Pace walked 19 18 19 17 21 20 10

Models were multivariable adjusted for age, race, gender, clinic location, education, body mass index, smoking, alcohol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol,
diabetes, hypertension, coronary heart disease (CHD), congestive heart failure, stroke and antidepressant medication use.
All p<0.05 for log HR of depression except for results in non-white column (p range 0.16e0.24).
*Population size with coronary heart disease shown is at study entry and changes over time as it was modelled as time-varying.
yCategorical variables.
zContinuous variable.

Figure 1 Cumulative incidence of cardiovascular death according to
depression score and physical activity status. Number of cardiovascular
deaths 1176/5852 (20.1%). High depression score, Center for
Epidemiological Studies Depression Score (CES-D) $8; physical
inactivity, Physical Activity Score (PAS) #7.
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Another limitation of our study is that depressive symptoms
were assessed using the CES-D rather than by a structured
interview. The CES-D is a valid and reliable instrument for
assessing depressive symptoms in large community samples
including community-dwelling older adults.34 The CES-D does
not result in a clinical diagnosis of a major depressive disorder
(MDD) but its construct and predictive validity have been
established in older adults in general25 and in the CHS cohort in
particular.4 The prevalence of significant depressive symptoms
of 20e30% in this cohort (ie, participants with CES-D scores
above the cut-off) is higher than the approximately 5% preva-
lence of MDD in community-dwelling older adults,35 which
indicates that most of the participants classified as ‘depressed’
based on the CES-D had sub-threshold depressive symptoms.
Additional studies are needed to examine the role of physical
inactivity as a mediator of the adverse health risks among clin-
ically depressed individuals.

In summary, the present study shows that physical inactivity
accounts for a significant proportion (approximately 25%) of the
increased cardiovascular mortality risk due to depressive symp-
toms in adults aged $65 years. These data suggest that
preventive health and wellness programmes in older adults,
particularly those with depression, should focus on encouraging
enrolment and continued participation in exercise programmes.
Future research might examine whether incentives could be used
to change health behaviour in certain individuals, as has been
done in other settings.36 37 Positive financial incentives, health
insurance rebates, transportation vouchers or health club
memberships might enhance participation of older adults with
depression in these programmes and thereby reduce healthcare
utilisation and the risk of cardiovascular events.
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