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Abstract
Background—Depressive symptoms and major depression are risk factors for clinical coronary
heart disease (CHD) among CHD patients and among healthy individuals. It is less clear whether
depression is related to the progression of atherosclerosis prior to the onset of CHD events.

Design—Longitudinal cohort study

Methods—149 middle-aged healthy women (113 white and 36 African American) who reported
no heart disease, stroke, or diabetes were enrolled simultaneously in two ancillary studies of the
Study Women’s Health across the Nation (SWAN) at the Pittsburgh site: the Mental Health Study
and the SWAN Heart Study. These women were administered psychiatric interviews annually and
coronary calcification computed tomography measures (CAC) on two occasions approximately 2¼
years apart.

Results—Women who had recurrent major depression (N = 33) had greater progression of CAC
(logged difference scores) than did women with a single or no episodes, b = 0.09 (0.04), p = .01. The
other significant covariates were BMI, SBP, initial CAC, and time between scans. Stratified analyses
showed that the effect was obtained in those women who had any CAC at the first examination.

Conclusions—Recurrent major depression may be a risk factor for progression of atherosclerosis,
especially in those who have at least some initial calcification. Women with a history of depression
may be candidates for aggressive cardiovascular risk factor prevention therapy.
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Depressive symptoms and diagnoses of major depression are risk factors for clinical coronary
heart disease (CHD) among CHD patients and among healthy individuals (1). It is less clear
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whether depression is related to progression of atherosclerosis prior to the onset of CHD events.
In the Multi-Ethnic Study of Atherosclerosis (MESA), the Pittsburgh Healthy Women Study,
the Early Identification of Subclinical Atherosclerosis by Noninvasive Imaging Research
(EISNER) Study, Study of Women’s Health Across the Nation (SWAN), and a study of healthy
Army personnel, depressive symptoms were unrelated to concurrent measures of coronary
artery calcification (CAC), a measure of plaque burden that prospectively predicts clinical
CHD (2–6). In these studies, well validated standardized scales of symptoms in the last 2 to 4
weeks were used, without diagnostic assessment of major depression being performed.

Perhaps longer term exposure to depression or experiencing more severe depression enough
to warrant diagnosis of major depression is needed to show a relationship with CAC. In that
regard, in the Whitehall II Study, reports of cognitive symptoms of depression at multiple
examinations compared to one or no examinations was associated with CAC; these effects
were observed in men and not in women (7). In the Rotterdam Aging Study, elderly participants
who had both elevated concurrent depressive symptoms and met criteria for major depression
had higher levels of CAC, relative to those with elevated symptoms only (8). Authors suggested
that vascular changes in the brain may have lead to depression, but that the cross-sectional
nature of the design did not allow for causal inferences. In Pittsburgh SWAN site, healthy
African American and white middle-aged women with at least two episodes of major
depression had any CAC, compared to women with a single or no episodes (9). In that analysis,
depressive symptoms were not related to any CAC.

A number of pathways have been suggested to account for associations between depression
and atherosclerosis, including life style factors, such as smoking and exercise, elevated weight
and waist circumference, adverse lipid profile, and inflammation (10). Inflammatory markers,
such as C reactive protein, are associated with depressive symptoms in a number of studies
(11), but the effect may be bi-directional (12). That is, depressive symptoms may lead to
increased inflammation, and inflammation may lead to increased depressive symptoms.

The present study tested the hypothesis that women who had at least two episodes of major
depression would experience greater progression of CAC than women with only one or no
episodes. The sample was composed of African American and white middle-aged women who
had two assessments of CAC separated by 2¼ years and who reported no heart attack, stroke,
or diabetes at the baseline CAC assessment. This hypothesis was tested in the full sample and
then separately in women with and without any CAC at the initial evaluation. A secondary
analysis tested whether CRP predicted CAC progression and constituted a potential pathway
by which recurrent depression was related to CAC progression.

Methods
Participants

The 149 women (113 white and 36 African Americans) in the analytic sample were enrolled
simultaneously in two ancillary studies of SWAN at the Pittsburgh site: the Mental Health
Study, which started with SWAN, (13) and the SWAN Heart Study, which began in follow-
up year 4 (14). These women were assessed with the Structured Clinical Interview for DSM-
IV Axis I Disorders (SCID-IV) interviews at study entry (1996–1997) and annually thereafter.
CAC was measured on two occasions several years apart (M= 2.23 (0.42) years). First CAC
measure occurred in 2001–2003, whereas the second occurred in 2002 to 2005. At this site,
SWAN women were recruited using random digit dialing and a voter’s registration list; initial
eligibility criteria included being from white or African American ethnicity (self-identified)
with the target of 1/3 minorities; ages 42 to 52 years, having had an intact uterus, menstruating
within the prior 3 months, and not using reproductive hormones (15). Of the 463 women who
enrolled in the Pittsburgh SWAN site, 443 also participated in the Mental Health Study and
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did not differ in sociodemographic factors and Center for Epidemiological Studies Depression
(CES-D) scale scores (16) from those who did not participate.

Exclusionary criteria for the subclinical CVD study were self-reported heart disease
(myocardial infarction, congestive heart failure, angina, intermittent claudication or
revascularization), stroke, treated diabetes, current pregnancy, or use of hormone replacement
therapy. Of the 280 women eligible to have electron beam tomography (EBT) evaluation of
the heart, 216 agreed. Of these, 70% or 152 completed two EBT evaluations. One woman of
the 152 reported a stroke prior to EBT procedures, and 2 did not participate in the Mental Health
Study. Participants in the first EBT protocol were healthier at baseline than nonparticipants at
the Pittsburgh site; they had lower blood pressure and waist-hip ratios, and were better
educated, White, and nonsmokers, Ps < .05. No differences occurred in age, body mass index,
and lipids. The better health of the participants is consistent with the selection criteria for the
subclinical disease study. There were no differences on risk factors, age, ethnicity, or
prevalence of major depression for the 149 women in the analysis who completed the second
EBT vs those who had only one EBT.

Procedure
The Institutional Review Board of the University of Pittsburgh approved all procedures
described herein. Written informed consent was obtained at the baseline visit as part of the
SWAN protocol. The following assessments were performed at baseline and each annual
follow-up visit: self-report and interviewer-administered questionnaires pertaining to medical,
reproductive, and health history, lifestyle behaviors, medication use, and psychosocial factors;
a fasting venipuncture; anthropometric measurements; and psychiatric diagnoses. Medical
history was not verified against physician records. All blood samples were maintained at 4°C
until spun and separated, and then frozen at −20° C and shipped on dry ice to the central
laboratory (Medical Research Laboratories, Highland Heights, KY) for analysis (certified by
the National Heart Lung and Blood Institute, Centers for Disease Control Lipid Standardization
Part III program). To ensure accuracy and consistency of data collection, all phlebotomists and
technicians were trained and annually certified according to a common protocol.

Cardiovascular Risk Factors—Body mass index was derived from in-clinic measures of
weight and height. Waist circumference was measured at the level of the natural waist, defined
as the narrowest part of the torso as seen from the anterior aspect; waist circumference was
regressed onto BMI because of the high correlation between waist circumference and BMI.
All lipid and lipoproteins were analyzed on EDTA-treated plasma. Total cholesterol and
triglycerides were analyzed by enzymatic methods on a Hitachi 747 analyzer (Boehringer
Mannheim Diagnostics, Indianapolis, IN), and HDL-C was isolated using heparin-2M
manganese chloride (17–19). CRP was measured using an ultra-sensitive rate
immunonephelometry (Dade-Behring, Marburg, Germany). Blood pressure was measured
twice with a minimum two-minute rest period between measures, with readings taken on the
right arm, with the respondent seated and feet flat on the floor for at least 5 minutes prior to
the measurement. Respondents had not smoked or consumed any caffeinated beverage within
30 minutes of blood pressure measurement. Appropriate cuff size was determined based on
arm circumference. The two sequential blood pressure values were averaged. Smoking history
was coded into current vs past or never smoker. Lipids and/or CRP were missing for 24 women
at the baseline CAC measurement; for 20 of these women, data were carried forward at the
visit immediately prior, whereas for 4, these values were carried forward from 2 to 4 visits
prior to the baseline CAC measurement.

Depression—The SCID-IV for nonpatients was conducted at baseline to determine lifetime
history and current diagnoses of major depression and annually thereafter to diagnose major
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depression in the past year. The SCID is a semistructured diagnostic interview designed to
enable trained interviewers to determine lifetime and current diagnoses of psychiatric
disorders, including mood, anxiety, and substance use disorders according to the DSM-IV
(20). The current study classified women on the basis of the number of episodes of major
depression (including current if applicable) by the time of the first EBT; presence of minor
depression or dysthmia was not considered. Women were categorized into those who had at
least 2 episodes vs 1 or none parallel to our prior cross-sectional analyses (9). The occurrence
of at least two episodes makes it likely that the women were vulnerable to depression for a
period of time.

The SCID-IV interviewers were trained clinicians with a Masters degree, PhD, or degree in
psychiatric nursing who participated in a training session with the Biometrics Institute at the
College of Physicians and Surgeons of Columbia University (New York, NY), conducted at
least 10 practice interviews evaluated by the mental health study’s principle investigator
(J.T.B.), and had taped interviews reviewed and “certified” by the Biometrics Institute. The k-
score for lifetime diagnoses of major depression was 0.81, indicating adequate reliability.

CES-D scores were also available. Only 12 women had scores ≥ 16, indicative of at least mild
depressive symptoms, and of these women, 8 had recurrent depression. A separate report is
being prepared on the CES-D in relation to progression in the present sample combined with
a second SWAN site, which did not administer the SCID. Thus, we are not reporting herein
the results of the CES-D.

Coronary Calcification—Beginning in 2000 ( computed tomography scanner (C-150
Ultrafast CT Scanner; GE Imatron, San Francisco, CA) was used to quantify calcification in
the coronary arteries (21). Several passes were performed: the first allowed an evaluation of
the participant’s anatomy so that the landmarks for the coronary scans are identified. The
second pass was for the coronary arteries, in which 30 to 40 contiguous 3 mm thick transverse
images were obtained from the level of the aortic root to the apex of the heart. Images were
obtained during a maximal breath hold using electrocardiographic triggering so each 100-
millisecond exposure was obtained during the same phase of the cardiac cycle (60%) of the R-
R interval). All scan data were saved to an optical disk for central scoring using a DICOM
workstation and software by AcuImage, Inc (South San Francisco CA). This software program
implements the Agatson scoring method. Coronary artery lesions were considered to be present
when 3 or more pixels greater than 130 Hounsfield units (HU) were detected overlying the
vessels of interest (22). Scoring resulted in total calcium, which was the sum of the individual
scores for the 4 major epicardial coronary arteries. Under the supervision of a cardiologist, a
technologist unaware of the depression evaluation scored the scans. Inter-rater correlation of
coronary calcification scores was high, intraclass correlation coefficient= 0.99 (23).

Statistical Analyses—CRP was natural log transformed for analyses. As in MESA (24),
change in CAC was measured by the difference between the natural log (second CAC + 25)
and the natural log (first CAC + 25). Spearman rank order correlations examined the association
between risk factors and initial CAC. Pearson correlations examined the association of risk
factors with change in CAC. Stepwise forward linear regression models were used, with
recurrent depression forced into the model, and forward selection on the significant covariates
of first CAC score, age, ethnicity, BMI, waist circumference residualized for BMI, HDL-C,
LDL-C, SBP, smoking status, and CRP. Because the interaction between baseline CAC and
recurrent depression was significant, we stratified by groups and repeated the primary analyses.
P-values < .05 were considered statistically significant.
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Results
As expected given the inclusion criteria, the analytic sample was composed of healthy middle-
aged women, with few current smokers and no one taking lipid lowering agents (Table 1).
Sixty-four of the 149 women had any calcification at baseline, with a median Agaston score
of 8.0 and M= 38.2 (69.3) among the 64. Thirty-three women had at least two episodes of major
depression (11 current), 26 had a single episode (3 current), and 90 had no episodes by the time
of the first CAC measures. Comparisons of women with and without recurrent depression
showed that women with recurrent depression had at baseline more CAC, larger BMI and waist
circumference, and reported more often taking anti-depressant medications for a “nervous”
condition (33% vs 7.8%). Similar results had been obtained in the larger sample from which
this subsample was drawn (9). Spearman rank order correlations were significant between
baseline CAC scores and CRP, r = 0.30, p < .0001; BMI, r = 0.53, < .0001; HDL-C, r = −0.38,
p < .0001, and SBP, r = 0.38, p < .0002. Age, waist circumference residualized for BMI, LDL-
C, smoking status, and ethnicity were not related to initial CAC in this healthy sample, p > .
10.

Change in CAC scores was associated with the following measured at the first EBT exam: log
CRP, r = 0.20, p = .01; BMI, r = 0.40, p < .0001; HDL-C, r = −0.25, p = .002; SBP, r = 0.34,
p < .0001, time between exams, r = 0.20, p = .01, and first transformed CAC (natural log (score
+ 25)) score, r = 0.35, p < .0001.

Women who had recurrent major depression had greater increases in CAC than did women
with a single or no episodes (M= 20.2 (33), median = 1.4, vs M = 5.9 (11), median = 0). In
linear regression analyses adjusting for age, race, and time between scans, recurrent depression
was a significant predictor, b = 0.15 (0.04), p = .001. Forward step-wise linear regression
models (forcing recurrent depression) allowing significant covariates to come into the model
showed that recurrent depression was associated with greater progression (Table 2). CRP did
not enter the model; it was highly correlated with BMI in this sample, r = 0.40, p < .0001. When
BMI was removed from the model, CRP still did not enter into the final model. When the no
recurrent depression group was partitioned into groups with a single vs no episodes, recurrent
depression remained significant in the forward stepwise model, b = .10 (0.04), p = .02, whereas
single episode group did not differ from the no episode group, p = .11.

Both interactions between recurrent depression and any initial CAC yes/no, p < .05, or
transformed initial CAC, p < .002, were significant. For women who had any initial CAC,
mean change was 19.8 (30.0), with median of 4.1; among this group, those with a history
recurrent depression increased 142 (204.3) percent on average, with a median percent increase
of 74.7 percent compared to 69 (228.7) percent and −4.4 percent for women with no history
of recurrent depression. For women with no initial CAC, mean change was 0.97 (2.67), with
median of 0, with 2 of 14 women with a history of recurrent depression converting to having
any CAC at follow-up, compared to 15 of the 56 with a history of recurrent depression.

Stratified analyses showed that recurrent depression was associated with progression among
the 64 women who had any initial CAC, b = 0.17 (0.07), p = .02. BMI, SBP, initial log CAC,
and time between exams were also significant covariates in this model. Recurrent depression
was not associated with the magnitude of increase in CAC among the 85 women with no CAC
at the initial assessment, p = .73. In this analysis, high BMI, high SBP, and low CRP were
significant covariates. To illustrate the pattern of results based on the above linear models,
Figure 1 compares the proportion of women who increased ≥ 10 total CAC or less in relation
to recurrent depression history and initial CAC score groups.
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Discussion
This study tested the hypothesis that African American and White women with recurrent major
depression during their lives would show greater progression of coronary calcification than
would women with a single or no episode of major depression. Results confirmed the
hypothesis in analyses that adjusted for other risk factors for atherosclerosis. Furthermore,
when analyses were stratified by whether women had any CAC at initial assessment, results
showed that the associations were only apparent among the women who had initial CAC at
baseline. Conversely, women who did not have any initial CAC were very unlikely to show
progression. Thus, the results suggest that a history of recurrent major depression is associated
with progression of CAC prior to the onset of clinical heart disease, in addition to being
associated with prevalent CAC as reported in previous cross-sectional analyses (8–9). This is
the first study to show that major depression is related to progression of coronary calcification.
These results are unlikely to be due to vascular changes leading to depression, given the age
of the sample. The findings also suggest that women who are most vulnerable to the effects of
depression are those who already have some subclinical disease, perhaps indicating an
acceleration of the atherosclerotic process in women with at least some disease. On the other
hand, women with no detectable disease may be unlikely to convert to having any CAC, even
in the presence of severe depression.

A secondary objective was to examine whether inflammation was a pathway by which
depression would be related to progression of calcification. Our results showed that while CRP
was related to progression of calcification in unadjusted models, it was not related to
progression in models that included history of recurrent major depression history and other
cardiovascular risk factors. This null result was not due to the high correlation between BMI
and CRP because excluding BMI from the final model did not change the results.

Our study has several limitations. Results are specific to women in mid-life, who were free
from self-reported heart disease, stroke, and diabetes at the initial exam and cannot be
generalized to men. No physician verification of self-reported history was obtained. Recall that
the majority of women did not have any CAC at baseline, in part because of the eligibility
criteria to be in the protocol. Whether recurrent depression would be related to progression in
samples with a higher prevalence of CAC or a higher prevalence of risk factors or in men is
not clear from our analysis. However, among a large sample of patients who underwent bypass
surgery, depressive symptom scores were related to greater saphenous graft disease progression
over time (25). The pathways by which major depression may be linked to coronary
calcification are also not clear from our analysis, given that the associations were not accounted
for by standard risk factors. Other factors such as a wider array of inflammatory and coagulation
factors and lipid particle size and number may be worthy of exploration as potential pathways.
It is also important to examine whether there are shared genetic and/or environmental factors
that account for both the risk of major depression and plaque burden early in women’s lives.
Finally, major depression may serve to exacerbate the effects of other standard and novel risk
factors to accelerate progression of atherosclerosis. However, because of the small sample size,
we were not able to test this notion beyond stratification on presence/absence of initial
calcification. Additional studies with a larger sample size are needed.

Nonetheless, these results have several clinical implications. Current American Heart
Association recommendations are to screen women for depression only if they are heart disease
patients (26). Our findings suggest that it would be useful to screen all women who are entering
a period of increasing cardiovascular risk, i.e. around the time of menopause. Screening tools
such as the Patient Health Questionnaire-9 are available and could be incorporated into standard
practice (27). At present, we do not have clinical trial evidence that intervening on depression
among coronary patients alters later risk for recurrent events (28–29) and we do not have
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prevention trials available. Thus, a better alternative for healthy women who report multiple
episodes of major depression may be aggressive cardiovascular risk factor therapy to prevent
calcification. This is particularly the case because even high normal levels of lipids and blood
pressure as well as smoking in healthy mid-life women are related to progression of
calcification (30–31).

In sum, lifetime history of recurrent major depression was a predictor of progression of
coronary calcification in African American and White women in mid-life, well before the usual
onset of clinical heart disease in women. This observation was particularly true in women who
already had at least some calcification in the coronary arteries. Women with history of major
depression may benefit from both close monitoring and aggressive risk factor treatment.
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DSM-IV Diagnostic and Statistical Manual of Mental Disorders, 4th edition

CES-D Center for epidemiological studies depression

CVD Cardiovascular disease

EBT Electron beam tomography

HU Hounsfield units

EDTA Ethylenediaminetetraacetic acid

HDL-C High density lipoprotein cholesterol

LDL-C Low density lipoprotein cholesterol
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Figure 1.
Proportion of Women with Progression of ≥ 10 Total Calcium Score by Group.

Matthews et al. Page 10

Psychosom Med. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Matthews et al. Page 11

Table 1

Sample Characteristics at Baseline According to Recurrent Depression History

Recurrent Depression

Yes (n=33) No (n=116) Total Sample

Mean (SD) Age 50.2 (2.7) 50.5 (2.5) 50.5 (2.5)

N (%) African Americans 8 (24.2) 28 (24.1) 36 (24.2)

N (%) Current Smokers 3 (9.1) 14 (12.1) 17 (11.4)

Mean (SD) Body Mass Index (kg/m2) 31.6 (7.7) 28.6 (5.5)* 29.2 (6.2)

Mean (SD) Waist Circumference (cm) 96.6 (20.1) 87.5 (13.3)* 89.5 (15.5)

Mean (SD) HDL-C (mg/dl) 55.2 (14.9) 60.5 (14.1) 59.3 (14.4)

Mean (SD) LDL-C (mg/dl) 127.1 (42.7) 122.2 (31.5) 123.3 (34.2)

Mean (SD) C-Reactive Protein (mg/dl) 4.93 (6.22) 3.67 (4.29) 3.95 (4.79)

Systolic Blood Pressure (mmHg) 118.5 (20.4) 113.7 (14.1) 114.7 (15.7)

Calcification Score:

 N (%) 0 14 (42.4) 71 (61.2)* 85 (57.0)

 N (%) 1–9 6 (18.2) 27 (23.3) 33 (22.1)

 N (%) ≥ 10 13 (39.4) 18 (15.5) 31 (20.8)

*
p<.05 groups differ
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Table 2

Linear Regression Model Predicting Change in Coronary Artery Calcification across 2.2 years.

Variable b (Standard Error) p-value

Recurrent major depression (yes=1; no=0) .09 (.04) .03

Body mass index (kg/m2) .01 (.003) .006

Systolic blood pressure (mmHg) .003 (.001) .006

Baseline calcification (log [CAC + 25]) .10 (.03) .001

Time between scans (yrs) .08 (.04) .04

*
Major depression forced into model using forward step-wise linear regression to include potential covariates.
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