ORIGINAL INVESTIGATION

Depressive Symptoms and Increased Risk
of Stroke Mortality Over a 29-Year Period
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Background: Several lines of evidence indicate that de-
pression is importantly associated with cardiovascular dis-
ease end points. However, little is known about the role
of depression in stroke mortality.

Methods: This study examined the association between
depressive symptoms and stroke mortality in a prospec-
tive study of behavioral, social, and psychological factors
related to health and mortality in a community sample of
6676 initially stroke-free adults (45.8% male; 79.1% white;
mean age at baseline, 43.4 years) from Alameda County,
California. Depressive symptoms were assessed by the 18-
item Human Population Laboratory Depression Scale. Cox
proportional hazards regression models were used to evalu-
ate the impact of depressive symptoms after controlling for
age, sex, race, and other confounders.

Results: A total of 169 stroke deaths occurred during
29 years of follow-up. Reporting 5 or more depressive

symptoms at baseline was associated with increased risk
of stroke mortality, after adjusting for age, sex, and race
(hazard ratio, 1.66; 95% confidence interval, 1.16-2.39;
P<.006). This association remained significant after ad-
ditional adjustments for education, alcoho! consump-
tion, smoking, body mass index, hypertension, and dia-
betes (hazard ratio, 1.54; 95% confidence interval, 1.06-
2.22; P<.02). Time-dependent covariate models, which
allowed changes in reported depressive symptoms and
risk factor levels during follow-up, revealed the same pat-
tern of associations.

Conclusions: This population-based study provides the
strongest epidemiological evidence to date for a signifi-
cant relationship between depressive symptoms and stroke
mortality. These results contribute to the growing litera-
ture on the adverse health effects of depression.
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ESEARCH HAS identified sev-
eral important risk factors
for stroke, including hyper-
tension, diabetes mellitus,
cigarette smoking, alcohol
abuse, high cholesterol levels, and obe-
sity"?; however, little is known about the
potential role of psychosocial factors in
stroke incidence and mortality. This is sur-
prising because psychosocial factors have
been shown to be importantly related to
all-cause mortality, cardiovascular dis-
ease (CVD) morbidity and mortality,
prevalence and progression of carotid ath-
erosclerosis, and acute myocardial infarc-

tion.>¥ In particular, convincing evi-

dence has accumulated in the past decade
identifying depression as a significant fac-
tor in CVD.>7-17

Depression could contribute to stroke
risk or survival following a stroke through
a variety of mechanisms. Depression has
known neuroendocrine and immunologi-
cal effects,'® both of which could influ-
ence stroke risk. Moreover, depression may
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negatively impact stroke risk factors. For
example, previous research has shown that
high levels of depressive symptoms are as-
sociated with decreased physical activity,
higher prevalence of smoking, and al-
tered lipid metabolism. !>

In addition, several recent studies are
suggestive of this association. Among a
sample of 103 patients with stroke, a di-
agnosis of major or minor depression was
related to a 70% increased risk of mortal-
ity due to any cause over 10 years of follow-
up.** Colantonio and colleagues® re-
ported that higher scores on the Center for
Epidemiological Studies Depression Scale
(CES-D) were associated with increased
risk of incident stroke over 7 years of fol-
low-up among more than 2600 elderly
men and women from the Yale Health and
Aging Project, which was part of the Es-
tablished Populations for Epidemiologi-
cal Studies of the Elderly program. How-
ever, following multivariate adjustment for
known stroke risk factors, CES-D scores
were no longer significantly associated
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METHODS

THE ALAMEDA COUNTY STUDY

The Alameda County Study is an ongoing longitudinal
study of the role of various behavioral, psychological,
social, and demographic factors in health and monrtality
among a community sample of men and women. The
study began in 1965 and used a stratified random house-
hold sampling procedure to recruit a representative
sample of the adult, noninstitutionalized population of
Alameda County, California. A total of 6928 adults (86%
of those eligible), ages 16 to 94 years, provided baseline
information by written questionnaires on health history
and status, health habits, psychological feelings and atti-
tudes, marital history and status, childbearing practices,
civic, social, and recreational activities, occupational his-
tory and status, life history during childhood and adoles-
cence, and standard demographic variables. Subjects were
tracked regardless of location or disability status and sur-
vivors were asked to complete questionnaires again in
1974, 1983 (50% sample), 1994, and 1995, with response
rates between 85% and 97%. For the present study, only
data from the 1965, 1974, and 1983 surveys were used.
Questionnaires were similar in style and response for-
mat, and every effort was made to keep the wording of
items and the length of the questionnaires consistent
across all waves of data collection. Participants were
requested to complete the questionnaires on their own,
ie, “proxy” respondents were not used. After initial
recruitment and determination of eligibility, question-
naires were sent to and returned from participants by
mail. Detailed design and sampling procedures for this
study have been reported previously.?®?® The research
protocol was approved by the California Health and
Welfare Agency Committee for the Protection of Human
Subjects and conducted in accordance with their guide-
lines regarding informed consent for participation in
research in which the sole form of data collection is via
mailed surveys. ‘

STUDY POPULATION

Al participants who were interviewed in 1965, had com-
plete data on the measure of depression and all covariates,
and did not have a history of stroke were included in the
present study. Of the 6867 persons eligible, 46 were ex-
cluded because of incomplete or missing data on the de-
pression scale and 145 were excluded because of missing
data on covariates, leaving a total of 6676 subjects for the
present analyses. Nonparticipants were older, had fewer
years of education, were more likely to have a history of
diabetes or hypertension but were less likely to be current
smokers and more likely to be nondrinkers than partici-
pants (P<.01).

HUMAN POPULATION LABORATORY
DEPRESSION SCALE

Depressive symptoms were measured by the Human
Population Laboratory (HPL) Depression Scale, an 18-
item scale developed by Roberts and colleagues®®3? that
assesses mood disturbances, negative self-concept, loss of
energy, problems with eating and sleeping, and psycho-
motor retardation or agitation. Scores are calculated by
assigning 1 point for each “true” or “false” answer that
corresponds to a depressed response, Item-total correla-
tions for the depression scale range from 0.18 to 0.45 with
Cronbach « of 0.77, indicating good internal consistency.
A symptom score of 5 or higher is considered indicative
of depression or mood disturbance, albeit not necessarily
clinical depression. The symptoms do not fully operation-
alize Diagnostic and Statistical Manual of Mental Disorders,
Revised Third Edition (DSM-III-R)* criteria for a major
depressive episode. However, the cutoff of 5 or more
symptoms to define caseness has been used in numerous
analyses to indicate significant symptomatology, has dem-
onstrated reliability and validity,?**? is conceptually simi-
lar to other brief symptom checklists such as the CES-D
scale, and an earlier study found that it correlated well
with the Beck Depression Inventory (r=0.66) in an outpa-
tient clinical population.

with stroke incidence. In addition, the majority of par- -

ticipants in that study had only a grade school educa-
tion and many had very limited incomes, making the gen-
eralizability of the findings somewhat limited.

‘Simonsick and colleagues® used data from the 3
study sites from the Established Populations for Epide-
miological Studies of the Elderly to assess the relation-
ship between symptoms of depression and hypertension-
related morbidity and mortality among a sample of older
adults diagnosed as having hypertension. In general, they
found that hypertensive men and women who reported
high levels of depressive symptoms were more than twice
as likely to experience a stroke during the subsequent 3
to 6 years than their hypertensive, nondepressed coun-
terparts. However, results were not consistent across study
sites, and because of the design of that study, there was
no way of determining whéther the depressive symp-
toms were a cause or a consequence of the complica-
tions of hypertension.

Also, it was recently reported that an increase in
CES-D scores over a period of 41/ years was associated
with excess risk of mortality, stroke, and myocardial in-
farction in more than 4300 participants from the Sys-
tolic Hypertension in the Elderly Program.?” These find-
ings were upheld after adjustments for age, race, sex,
disease history, and smoking status, and the increase in
depressive symptoms was a stronger risk factor for women
than for men. Baseline levels of depressive symptoms were
not related to cardiovascular events, however, and the
authors noted that causal pathways could not be in-
ferred from their data, in part because all participants had
isolated systolic hypertension and it is plausible that pre-
monitory symptoms of CVD contributed to increased
depressive symptoms prior to a clinical event.

The present study examined the association be-
tween self-reported depressive symptoms and stroke mor-
tality over a 29-year period in a community sample of
6676 mern and women. The analyses reported are from
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STROKE MORTALITY

Mortality tapes from California were searched annually for
information on study participants. Out-of-state deaths were
ascertained during follow-up contact, in which death cer-
tificates were requested from the state of residence. Death
certificates were used to verify cause of death. Stroke mor-
tality was based on International Classification of Diseases,
Ninth Revision (ICD-9)* codes 400 to 436.

COVARIATES

Risk factors, assessed at each wave of data collection, in-
cluded education, assessed as years of school completed;
alcohol consumption, assessed as number of drinks per
month and summed for individual report of beer, wine, and
liquor consumption; body mass index, calculated as weight
in kilograms divided by height in meters squared; smok-
ing; and self-report of hypertension and diabetes.

Covariates were modeled as follows: education was
coded as less than vs equal to or greater than 12 years of
education; alcohol consumption was categorized as heavy
(>45 drinks per month) or none, with moderate consump-
tion (1-45 drinks per month) as the reference category; body
mass index was modeled continuously; smoking was coded
as pack-years of smoking; hypertension and diabetes his-
tory were dichotomized in response to the question, “Have
you ever seen a medical doctor for (condition)?”

DATA ANALYSES

The relationship between self-reported depressive symp-
toms and mortality due to stroke was examined using Cox
proportional hazards models,*® with and without time-
dependent covariates. All assumptions for the Cox mod-
els were tested and met. Deaths were included through 1994.
Subjects known to have died of stroke and not lost to fol-
low-up were kept in the analysis until the year of their death.
Subjects not known to have died and who were available
for follow-up were given a survival time of 29 years. Sub-
jects unavailable for follow-up in either the 1974 or 1983

surveys were censored on the survey date when unavail-
ability for follow-up occurred. Subjects who died of causes
other than stroke were censored in the year of their death.
Statistical analyses were performed using commercially avail-
able software (PROC PHREG in SAS, version 6.09%) in-
stalled ona Sun SPARCstation 20 (Sun Microsystems Com-
puter Corporation, Mountain View, Calif).

Two types of models were calculated. In the first type,
the initial model examined the crude relationship be-
tween depressive symptoms reported at baseline and sub-
sequent stroke mortality. Initial analyses modeled depres-
sion continuously. However, because our prior use of the
HPL Depression Scale indicated that a cutoff of 5 symp-
toms was indicative of significant symptomatology, 33
subsequent analyses contrasted subjects with 5 or more
depressive symptoms and those with fewer than 5 symp-
toms. Covariate adjustments for age, sex, and race (white or
nonwhite) were then added. A third Cox model] was then
calculated that also included covariates representing the
1965 values of education, alcohol consumption, smoking,
body mass index, and history of hypertension and diabetes.

The second type of model used consisted of time-
dependent covariate models, which were calculated to deter-
mine if changes in depressive symptoms and changes in risk
factor levels during follow-up influenced the association be-
tween depression and stroke mortality. In these analyses, all
variablesexcept age, sex,and race were allowed to changebased
on data from the additional survey periods. For example, a
participant who reported that he or she drank 20 drinks per
month in1965 but whose alcohol consumption had increased
to more than 50 drinks per month in 1974 would be scored
as a “moderate drinker” from 1965 to 1973, and as a “heavy
drinker” from 1974 until date of censor or death or until his
or her reported average alcohol consumption changed in a
subsequent survey. Our 1983 survey was conducted ona 50%
sample and thus we did not obtain information on depressive
symptoms or covariates fora large number of participants for
whomwehad datain 1965 and 1974. Consequently, 68 stroke
deaths were counted as “censored” observations owing to
missing data in the time-dependent covariate models, leav-
ing a total of 101 fatal stroke cases in these analyses.

the Alameda County Study in which data on depressive
symptoms and other risk factors were obtained on mul-
tiple occasions between 1965 and 1994. Using informa-
tion from repeated assessments of these variables en-
abled us to more rigorously examine the relationship
between depression and stroke mortality, which could
be expected to vary with changes in risk factors over time.

SR RESULTS

SUBJECT CHARACTERISTICS

At baseline, participants ranged in age from 17 to 94 years
(mean, 43.4; SD, 15.9), 45.8% were male, and 79.1% were
white. Most (65%) participants had completed 12 or more
years of school, although nearly 18% reported less than
9years of formal education. Approximately 14.5% of par-
ticipants reported consuming more than 45 alcoholic
drinks per month (coded by the quantity and frequency

of beer, wine, and liquor intake), 63.5% reported more
moderate alcohol consumption (<45 drinks in a month),
and 22% were abstainers. At baseline, 39.7% of subjects
were never smokers, 15.7% were former smokers, and
44.6% were current smokers. A total of 677 (10.1%) par-
ticipants reported a history of hypertension, and 143
(2.1%) reported a history of diabetes. Mean body mass
index was 23.8 kg/m?.

DEPRESSIVE SYMPTOMS, RISK FACTORS,
AND STROKE MORTALITY

A tota] of 969 subjects (14.5%) reported 5 or more de-
pressive symptoms at baseline. As shown in Table 1,
these subjects were older, less likely to be male or white,
less likely to have at least 12 years of education, more
likely to be abstainers and current smokers, and more
likely to have prevalent hypertension and prevalent dia-
betes than those who were not depressed at baseline
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Table 1. Subject Characteristics and Risk Factors
by Level of Depressive Symptoms Among 6676 Adults,
Alameda County, California, 1965-1994*
Depressed
(=5 Depressive
Nondepressed Symptoms)

Characteristic (n =5707) (n = 969) Pt
Age,y 43.0 (15.6) 45,6 (17.5) 001
BMI, kg/m? 23.9(3.6) 23.9 (4.4) 69
Male 2702 (47.3) 358 (36.9) 001
White 4542 (79.6) 740 (76.4) 02
Education

<12y 1886 (33.0) 456 (47.1) .001

=12y 3821 (67.0) 513 (52.9) 001
Alcohol consumption

Abstainers 1188 (20.8) 273 (28.2) 001

Heavy drinkers 837 (14.7) 134 (13.8) 49
Smoking

Never 2995 (40.2) 355 (36.6) 04

Former 926 (16.2) 124 (12.8) .007

Pack-years 16.0 (17.6) 14.3 (14.8) 25
Current 2486 (43.6) 490 (50.8) .001
Pack-years 19.3 (16.4) 21.0(17.4) .03

Prevalent disease -

Hyperténsion 504 (8.8) 173 (17.9) .001

Diabetes 114 (2.0) 29 (3.0) .05

*Values are given as number (percentage) except for age, body mass
index (BMI), and pack-years, which are mean (SD).
1 P values are from x? or paired't tests.

(P<.05). In addition, among those who were current
smokers at the time of the baseline survey, the de-
pressed group had more pack-years of stnoking than the
nondepressed group (P<.03). Depressed and nonde-
pressed groups did not differ in body mass index or preva-
lence of heavy drinking.

One hundred sixty-nine stroke deaths occurred dur-
ing follow-up, 39 of which occurred among participants

reporting 5 or more symptoms of depression (4.0%) and .

130 of which occurred among the nondepressed group
(2.3%). The Figure illustrates the Kaplan-Meier cumu-
lative survival curves for the depressed and nonde-
pressed groups. The unadjusted Cox model hazard ra-
tio associated with having 5 or more depressive symptoms
was 1.94 (95% confidence interval [CI}, 1.36-2.78;
P<.001).

Table 2, top, presents the unadjusted results from
the analysis with depressive symptoms modeled con-
tinuously and the findings from the models with depres-
sion modeled categorically, with added covariates. Each
1-point increase on the HPL Depression Scale was asso-
ciated with more than an 8% increase in risk of death from
stroke (P<.003). With depressive symptoms modeled cat-
egorically, the risk associated with reporting 5 or miore
depressive symptoms was 1.66 (P<.006), after adjust-
ments for age, sex, and race. In the model that included
additional adjustments for baseline values of education,
alcohol consumption, simoking, hypertension, diabetes,
and body mass index, having 5 or more depressive symp-
toms was associated with a 54% increased risk of stroke
mortality (P<.02).

The time-dependent covariate models, shown in
Table 2, bottom, revealed a similar, albeit slightly weaker,

1,00~
0.9 Nondepressed
(n=5707)
2
=098+
a
2 Depressed
£ 0.97+ (n=969)
w
0.96-
0.95 : - . - : ,
0 55 105 15,5 205 255 30.0
Survival Time, y
Gumulative survival without fatal stroke by depression status among
residents of Alameda County, Galifornia, 1965-1994.
Tahle 2. Relation Between Depressive Symptoms
and Siroke Mottality With Baseline and
Time-Dependent Covariates in 6676 Adults,
Alameda County, California, 1965-1994*
Model Covariates Included RH (95% Ci) P
Baseline Covariates
| Unadjusted, depressive symptoms ~ 1.09.(1.03-1.15) .003
modeled continuously
Il Age, sex, and ethnlcity, depressive  1.66 (1.16-2.39) .008
symptoms modeled categorically
Il Model I} plus risk factors 1.54 (1.06-2.22) .02
Time-Dependent Covariales
| Unadjusted, depressive symptoms ~ 1.06 (0.99-1.14) .10
modeled continuously
i Age, sex, and ethnicity, depressive  1.56 (0.98-2.47) .06
symptoms modeled categorically )
Il Modef !l plus risk factors 1.55 (0.97-2.47) .07

*RH indicates relative hazard ratio; Cl, confidence interval. Models I and
Il contrasted persons with & or more depressive symptoms to those with
less than 5 depressive symptoms. Baseline covariates model: number of
stroke deaths, 169. Time-dependent covariates model: number of stroke
deaths, 101. Risk factors in model Il were allowed to vary according to
information obtained in each of 3 waves of data collection (1965, 1974, and
1983) and included education, smoking, alcohol consumption, body mass
index, hypertension, and diabetes.

pattern of associations. The initial model, with scores on
the measure of depression modeled continuously and al-
lowed to vary with each wave of data collection and age,
sex, and race held constant, revealed a 6% increase in risk
of stroke mortality with each 1-point increase in depres-
sion (P<.10). In the categorical model, with age, sex, and
race held constant and number of times 5 or more de-
pressive symptoms were reported in the successive waves
of data collection allowed to change, self-report of 5 or
more depressive symptoms was associated with a 56%
increased risk of stroke miortality (P<<.06). The eleva-
tion in risk associated with a high level of depressive symp-
toms was essentially unchanged in the fully adjusted
model in which covariates for all risk factors were al-
lowed to vary according to participants’ reported values
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in 1965, 1974, and 1983. Clearly, the point estimates for
these models were similar to those with the baseline co-
variates, although the statistical significance was dimin-
ished slightly because of the fewer number of fatal strokes
included in the analyses.

EFFECT OF PREVALENT CVD

Because rates of depressive syndromes are known to be
elevated among individuals with CVD,"*?% we recalcu-
lated the Cox model examining the relationship be-
tween baseline level of depressive symptoms and subse-
quent stroke mortality, excluding 259 participants
(including 11 cases of {atal stroke) who reported a his-
tory of heart disease in 1965. Results were unchanged
from the original model. Each 1-point increase in de-
pression was associated with an 8% increase in risk of
stroke mortality (hazard ratio, 1.08; 95% CI, 1.02-1.15;
P<.006); and persons reporting 5 or more depressive
symptoms at baseline had 70% excess risk of stroke mor-
tality, after adjustment for age, sex, and race (hazard ra-

tio, 1.70; 95% CI, 1.15-2.50; P<.007). Additional ad- -

justments for education, alcohol consumption, body mass
index, smoking status, diabetes, and hypertension had
little effect on this relationship (hazard ratio, 1.57; 95%
Cl, 1.06-2.32; P<.03).

EFFECT OF EARLY DEATHS

Because symptoms of depression may be a response to
illness and we wanted to exclude individuals who may
have been sick at the beginning of the study, baseline co-
variate analyses were then repeated eliminating the par-
ticipants who died during the first 3 years of the study
of stroke (n=14) or any other cause (n=231). Agzain, each
1-point increase on the measure of depression was as-
sociated with nearly an 8% increase in risk of stroke mor-
tality in the initial model (hazard ratio, 1.08; 95% CI, 1.02-
1.14; P<.01). Similarly, the categorical models showed
that individuals with 5 or more depressive symptoms at
baseline were at 1.67-fold increased risk of subsequent
mortality due to stroke (95% CI, 1.14-2.45; P<.008),
which remained significantly elevated after adjustment
for all risk factors (hazard ratio, 1.53; 95%Cl, 1.04-
2.26; P<.03).

This population-based study provides, to our knowl-
edge, the best epidemiological evidence to date for a sig-
nificant, positive relationship between depressive symp-
toms and stroke mortality. After adjustment for established
stroke risk factors, individuals reporting 5 or more symp-
toms of depression at baseline experienced more than 50%
excess risk of mortality due to stroke during the subse-
quent 29 years. This level of risk was unchanged after
taking into account changes in reported depressive symp-
toms and risk factor levels during follow-up. Moreover,
these relationships were upheld in models that ex-
cluded early deaths and individuals with prevalent CVD
at baseline. The consistency of the association between
depressive symptoms and stroke mortality is high-

lighted by the relatively unchanged effect sizes we ob-
served in our various statistical models.

The mechanisms by which depression may in-
crease stroke risk remain to be determined. Our data show
that behavioral factors do not explain the association be-
tween depression and stroke mortality. For example, al-
though participants with 5 or more symptoms of depres-
sion were more likely to smoke and 1o have more pack-
years of smoking than those who were not depressed
(Table 1), smoking did not significantly affect the ob-
served association. Similarly, preexisting hypertension or
diabetes accounted only for a small portion of the rela-
tionship. Our measures of hypertension and diabetes were
by self-report only, which may not be as sensitive as other
measures of disease, eg, medication review or physician
report; however, these risk factors were significant or mar-
ginally significant (P<.20) covariates in our models. Thus,
although our self-report measures were not ideal, they
were reliable indicators of these risk factors and impor-
tant covariates in our models.

Other risk factors, unavailable to us, also should
be considered. For example, associations between de-
pression or other affective states and lipid levels or me-
tabolism, while somewhat conflicting, have been re-
ported™*™** and it will be important for future research
to examine these potential pathways. New evidence in-
dicates that platelet calcium (Ca++) responsivity to se-
rotonin is heightened in depressed patients,* suggest-
ing that platelet activation could also be an important
factor in the relationship between depression and stroke
mortality. In addition, depression may increase stroke
mortality through immunological or neuroendocrine
mechanisms. The present study did not have the data to
examine these hypotheses, although other studies are sug-
gestive.18.19‘4l.42

Nearly 15% of participants in this study reported 5
or more symptoms of depression at baseline. Our mea-
sure of depression estimates the point prevalence of de-
pressive symptoms but our rates do not reflect the preva-
lence of clinical depression. This measure includes many
(but notall) symptom criteria for major depression from
the DSM-ITI-R. Because our data are self-report, we were
not able to use DSM-III-R exclusionary criteria; there-
fore, our prevalence rates are higher than would be the
case if clinical diagnoses had been made on the basis of
structured psychiatric interviews. However, available data
{(notshown) from our 1994 survey, which included a mea-
sure with full coverage of DSM-III-R symptom criteria as
well as the HPL Depression Scale, indicate that 65% of
those with 5 or more symptoms on the HPL Depression
Scale also met the criteria for major depressive episode
according to DSM-III-R criteria. Also, as noted else-
where,®%# the 2 different measurement strategies as-
sess somewhat different domains of depressive experi-
ence. Clinical depression can be a serious, debilitating
chronic disease; however, the presence of many symp-
toms of depression can also involve considerable impair-
ment and negative sequelae. Thus, our symptom-based
measure may underestimate the effect of depression on
risk of stroke.

Some limitations to our study should be noted. We
did not have access to data on nonfatal strokes and thus
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were unable 1o examine the relation between depres-
sion and incident stroke among our participants. Such
data would provide valuable information and greater un-
derstanding of the role of depression in stroke risk. We
also did not have data on the types of stroke partici-
pants suffered. It would be interesting to determine if de-
pression had more or less impact on hemorrhagic vs is-
chemic stroke. Such information may provide clues to
the mechanisms underlying the association. Also, we had
too few stroke deaths among women to reliably investi-
gate sex differences in the association between depres-
sion and stroke mortality. Given that women have higher
rates of depression,* and that stroke accounts for a greater
proportion of overall deaths among women than among
men, it is critical that this issue be addressed.

In sum, the present study provides compelling evi-
dence that depressive symptouis are a significant factor
in subsequent stroke mortality in a representative adult
sample. These results contribute to the growing litera-
ture on the adverse health effects of depression. Given
the high lifetime prevalence rates of depression in the
United States for men (2.8/100) and women (7.4/100),%
and the convincing evidence that deptession has a strong
negative impact on physical health, in addition to its dev-
astating mental health consequences, it is imperative that
symptoms of depression be recognized and appropriately
treated.

Accepted for publication September 16, 1997.

Supported by grant IR37AG11375 from the National
Institute on Aging, Washington, DC.

Reprints: Susan A. Everson, PhD, MPH, Department
of Epidemiology, School of Public Health, University of Mich-
igan, 109 S Observatory St, Ann Arbor, MI 48109-2029
(e-mail: severson@umich.edu,).

s |

1. Dyken ML, Wolf PA, Barnett HIM, et al. Risk factors in stroke: a statement for
physicians by the Subcommittee on Risk Factors and Stroke of the Stroke Coun-
cil. Stroke, 1984;15:1105-1111.

2. Sacco RL. Risk factors and outcomes for ischemic stroke. Neurology. 1995;45
(supp! 1):510-S14.

3. Everson SA, Goldberg DE, Kaplan GA, etal, Hopelessness and risk of morialityand
incidence of myocardial infarctionand cancer. Psychosom Med. 1996;58:113-121,

4. Everson SA, Kaplan GA, Goldberg DE, Salonen R, Salonen JT. Hopelessness and
4-year progression of caro’ud atherosclemms ihe Kuopio Ischemic Heart Dis-
ease Risk Factor Study. Arterioscler Thromb Vasc Biol. 1997;17:1490-1495.

5. Anda R,Williamson D, Janes D, et al. Depressed affect, hopelessness, and the
risk of ischemic heart disease in a cohort of US adults. Epidemiology. 1993:4:
285-294.

6. Barefoot JC, Larsen S, von der Lieth L, Schroll M. Hostility, incidence of acute
myocardial infarction, and mortality in a sample of older Danish men and women,
Am J Epidemiol. 1995;142:477-484.

7. Barefoot JC, Schroll M. Symptoms of depression, acute myocardial infarction,

and total mortality in a community sample. Circulation. 1996;93:1976-1980.

Barefoot JC, Dahistrom WG, Williams RB Jr. Hostility, CHD incidence and total

mortality: a 25-year follow-up study of 255 physicians. Psychosom Med. 1983;

45:59-63,

9. Julkunen J, Salonen R, Kaplan GA, et al. Hostllity and the progression of carotid
atherosclerosis. Psychosom Med, 1994;56:519-525.

10. Everson SA, Kauhanen J, Kaplan GA, et al Hostllity and increased risk of mor-

tality and acute myocardial infarction: the mediating role of behavioral risk fac-

tors. Am J Epidemiol. 1997;146:142-152.

Carney RM, Rich MW, Freedland KE, et al. Major depressive disorder predicts

cardiac events in patients with coronary artery disease. Psychosom Med. 1988;

50:627-633.

Ahern DK, Gorkin L, Anderson JL, et al. Biobehavioral variables and mortality or

cardiac arrest in the Cardiac Arrhythmia Pilot Study (CAPS). Am J Gardiol. 1980;

66:59-62.

o

i1

12

13.
14.
15.
16.
17.

18.
18.

20.
21,

22
23.

24,

25.

26.

27.
28.
28.

30.
31,

32.
33.

35.

K]

(=]

37.
38.

39
40.
41,

42,

43.
44.

45,
48.

47.

Fielding R. Depression and acuie myocardial infarction: a review and reinterpre-
tation, Soc Sci Med, 1991;32:1017-1027.

Frasure-Smith N, Lesperance F, Talajic M. Depression followmg myocardial
infarclion: lmpact on 6-month survwal JAMA. 1993;270:1819-1825.

Aromaa A, Raitasalo R, Reunanen A, et al. Depression and cardiovascular dis-
ease. Acla Psychiatr Scand Suppl. 1994;377:77-82.

Frasure-Smith N, Lesperance F, Taiajic M. Depression and 18-month prognosis
after myocardial infarction. Girculation. 1995,91.998-1005.

Everson SA, Kaplan GA, Goldberg DE, Gohen RD, Tuomilehto, J, Salonen, JT.
Depressive symptoms and risk of myocardial infarction and moriality [ab-
siract). Am J £pidemiol. 1995;141(suppl):837.

Herbert TB, Cohen 8. Depression and immunily: a meta-analylic review. Psy-
chol Bul, 1993;113:472-486.

Ritchie JC, Nemeroff GB. Stress, the hypothalamic-pituitary-adrenal axis, and de-
pression. in: McCubbin JA, Kaufmann PG, Nemeroff CB, eds. Stress, Neuropep-
tides, and Systemic Disease. San Diego, Calif: Academic Press; 1991:181-197.
Anda RF, Williamson DF, Escobedo LG, et al. Depression and the dynamics of
smoking: a national perspective. JAMA, 1990;264:1541-1545.

Lobstein DD, Mosbacher BJ, 1smail AH, Depression as a powerful discriminator
between physically aclive and sedentary middie-aged men. J Psychosom Res.
1983;27:69-76.

Kaplan 6A, Lazarus NB, Gohen RD, Leu ‘DJ. Psychosocial factors in the natural
history of physical activity. Am J Prev Med. 1991;7:12-17.

Camacho TC, Roberts RE, Lazarus NB, Kaplan GA. Cohen RD. Physical activity
and depression: evidence from the Alameda County Study. Am J Epidemiol. 1991;
134:220-231. )
Morris PLP, Robinson RG, Andrzejewski P, Samuels J, Price TR. Association
of depression with 10-year poststroke mortality. Am J Psychiairy. 1993;150:
124-129.

Colanionio A, Kas! SV, Ostfeld AM. Depressive symptoms and other psycho-
social factors as predictors of stroke in the elderly. Am J Epidemiol. 1992;136:
884-894.

Simonsick EM, Wallace RB, Blazer DG, et al. Depressive symptomatology and
hypertension-associated morbidity and mortality in older adults. Psychosom Med.
1995;57:427-435.

Wassertheil-Smoller S, Applegate WB, Berge K, et al. Change in depression as a
precursor of cardiovascular events. Arch Intern Med. 1996;156:563-561.
Berkman LF, Breslow L. Health and Ways of Living: The Alameda County Study.
New York, NY: Oxford University Press; 1983.

Hochstim JR. Health and ways of fiving: the Alameda County poputation labo-
ratory. In: Kessler 1}, Levin ML, eds. The Community as an Epidemiologic Labo-
ratory. Baltimore, Md: John Hopkins University Press; 1970:149-176.

Roberis RE, 0’Keefe SJ. Sex differences in depression reexamined. J Health Soc
Behav, 1981;22:394-400.

Kaplan GA, Roberts RE, Camacho TG, Coyne JC. Psychosocial predictors of de-
pression: prospective evidence from the Human Population Laboratory Studies.
Am J Epidemiol, 1987;125:208-220.

Roberis RE, Kaplan GA, Camacho TC. Psychologica! distress and mortality: evi-
dence from the Alameda Gounty Study. Soc Sci Med. 1990;31:527-536.
American Psychiatric Association. Diagnosiic and Statistical Manual of Mental
Disorders, Third Edition, Revised. Washington, DC: American Psychiatric Asso-
ciation; 1987.

. World Health Organization. International Classification of Diseases, Ninth Revi-

sion (I6D-9). Geneva, Switzerland: World Health Organization; 1977,
Cox DR, Oakes D. Analysis of Survival Data. New York, NY: Chapman & Hall;
1984.

. SAS Institute. SAS User's Guide: Statistics, Version 6.09. Cary, NC: SAS Insti-

tute Inc; 1980.

van Doornen LJP, van Blokland RW. Serum cholesterol: sex-specific psycho-
logical correlates during rest and stress. J Psychosom Res. 1987;31:238-248.
van Doornen LJP, van Biokland RW. The relation between type A behaviour and
vital exhaustion with physiological reactions to real life stress. J Psychosom Res.
1989;33:715-727.

Morgan RE, Palinkas LA, Barrett-Connor EL, Wingard DL. Plasma cholesterol
and depressive symptoms in older men. Lancel. 1893,341:75-79.

Crayton JW, Delisi SM, 0°Connor FL, Konopka LM. Platelet calcium dysregulation
in depressed patients and controls [abstract]. Psychosom Med. 1997;59:92.
Andreoli AV, Keller SE, Rabaeus M, Marin P, Bartlett JA, Taban C. Depression
and immunity: age, severity, and clinical course. Brain Behav Immun. 1993,7:
279-292.

StokesPE, The neuroendocrine measurement of depression. In: Marselia AJ, Hirsch-
feld RMA, Katz MM, eds. The Measurement of Depression. New York, NY: Guil-
ford Press; 1987:153~195,

Newman J. Aging and depression. PsyohaIAgIng. 1989;4:150-165.

Roberis RE. Epidemiological issues in measuring preventive effects. In: Munoz
RF, ed. Depression Prevention: Research Direction. Washington, DC: Hemn-
sphere Publishing; 1987:45-75.

Weissman MM, Olfson M. Depression in women: implications for health care
researth. Science. 1995;269:799-801.

National Center for Health Statistics. Health, United States, 1994. Hyatisville, Md:
US Public Health Service; 1995, Dept of Health and Human Services publication
(PHS) 95-1232. )
Weissman MM, Gland RC, Canino GJ, etal. Cross-national epiderniology of major
depression and bipolar disorder. JAMA. 1996;276:293-299.

——
ARCH INTERN MED/VOL 158, MAY 25, 1998

1138

©1998 American Medical Association. All rights reserved.



