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Background-—Higher symptom levels of a variety of measures of emotional distress have been associated with cardiovascular
disease (CVD), especially among women. Here, our goal was to investigate the association between a composite measure of
psychological distress and incident cardiovascular events.

Methods and Results-—In a prospective cohort study, we assessed 662 individuals (28% women; 30% blacks) with stable coronary
artery disease. We used a composite score of psychological distress derived through summation of Z-transformed psychological
distress symptom scales (depression, posttraumatic stress, anxiety, anger, hostility, and perceived stress) as a predictor of an
adjudicated composite end point of adverse events (cardiovascular death, myocardial infarction, stroke, heart failure, or unstable
angina). During a mean follow-up of 2.8 years, 120 (18%) subjects developed CVD events. In the overall population, there was no
association between the psychological distress measure and CVD events, but there was a sex-based interaction (P=0.004). In
women, higher psychological distress was associated with a higher incidence of CVD events; each SD increase in the composite
score of psychological distress was associated with 1.44 times adjusted hazard of CVD events (95% CI, 1.09–1.92). No such
association was found in men.

Conclusions-—Among patients with coronary artery disease, higher psychological distress is associated with future cardiovascular
events in women only. ( J Am Heart Assoc. 2019;8:e011866. DOI: 10.1161/JAHA.118.011866.)
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T he prevalence of mental health disorders in the US
population is growing steadily. In 2013, an estimated

18.1% of US adults aged 18 years or older had a diagnosed
mental illness, of which 6.7% (15.7 million) had at least 1
major depressive episode.1,2 In addition to significantly
contributing to disability and healthcare costs, psychological
disturbances have been increasingly associated with physical

health consequences, especially cardiovascular disease
(CVD).3 For example, the association between depression,
or depressive symptoms, and cardiac events or mortality is
well established, both in individuals without coronary artery
disease (CAD) at baseline and among those with established
CAD.4,5 Similar associations have been reported for other
psychological factors, including posttraumatic stress disorder
(PTSD),6 anxiety,7 anger, hostility,8 and perceived stress,9 but
results remain either mixed or limited.

The majority of studies investigating the association
between psychological factors and CVD have treated each
psychological phenotype as an independent exposure, and
none have taken into account and integrated individual
psychological attributes more broadly. One reason why an
integrative approach may be useful is that psychological
factors may share biological or behavioral substrates, explain-
ing why they tend to correlate with each other.10 Examining
them together may provide new insights onto specific
psychological phenotypes that are relevant for cardiovascular
risk.

In the current study, we investigated the association
between a composite measure of psychological distress,
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derived using a summation score of individual symptoms
scales, and future incident cardiovascular events, in 695
individuals with preexisting, stable CAD. Our composite
measure integrated symptoms of depression, PTSD, anxiety,
anger, hostility, and perceived stress. A similar composite
measure of psychological distress was recently developed in
stable CAD patients and found to be modifiable.11 We also
explored a possible effect modification by sex, given emerging
data suggesting that women may be more vulnerable to the
effects of psychological stress on CVD risk than men.12

Methods

Study Sample
The data that support the findings of this study are available
from the corresponding author upon reasonable request.
Between June 2011 and October 2014, we enrolled 695
individuals with stable CAD from Emory University–affiliated
hospitals and clinics for the Mental Stress Ischemia: Progno-
sis and Genetic Influences Study. This research was approved
by the Emory University Institutional Review Board, and all
participants provided informed consent. A detailed protocol
with inclusion and exclusion criteria has been previously
described.13 Briefly, subjects between ages 30 and 80 years
were enrolled if they had significant history of CAD during
their lifetime (previous myocardial infarction [MI], bypass
surgery or percutaneous intervention, positive nuclear scan/
exercise stress test, angiographically proven major coronary
vessel disease, or abnormal coronary ultrasound). Subjects
were excluded if they had a history of unstable angina or
acute MI within the previous week of enrollment, severe
comorbid medical or psychiatric disorders, uncontrolled

hypertension, pregnancy or breastfeeding, chronic inflamma-
tory disorders, organ transplant, or were receiving dialysis.

Cardiovascular Events Assessment
Each person was followed for a maximum of 36 months after
the baseline visit. Individuals were examined in person at 12
and 24 months in the Emory University clinic and queried by
telephone at 6 and 36 months. At each follow-up time,
research staff queried participants regarding occurrence of
hospitalizations, cardiac procedures, and/or cardiac events. If
individuals reported such events, study coordinators con-
tacted their physicians or admitting hospitals and obtained
medical records for those hospitalizations. If the patient did
not come back for the in-person clinic visit, information was
obtained by telephone regarding their current status and
occurrence of intervening events. For all patients lost to
follow-up, a National Death Index search was made, in
addition to Social Security and Medicare list searches. For
patients who died, a member of their immediate family was
interviewed by telephone about the cause of death. We also
queried electronic health records to capture any missed
cardiovascular events. A total of 8 participants were lost to
follow-up.

Our main end point in this study was a composite outcome
of cardiovascular death (cardiac death or death attributed to
stroke or congestive heart failure), cardiac arrest, nonfatal MI,
nonfatal stroke, congestive heart failure, or unstable angina.
All of the events were adjudicated by a team of study
cardiologists (A.S., P.R., and A.Q.).

Assessment of Psychological Distress
Our global distress measure integrated established symptoms
scales measuring psychological characteristics or symptoms
with known association with cardiovascular disease and that
were previously used in a composite measure developed by
Blumenthal et al.11 These included symptoms of depression,
anxiety, anger, and perceived general stress. To these we
added symptoms of posttraumatic stress disorder (PTSD) and
hostility, given their recognized importance for cardiovascular
risk.8,14

We assessed depressive symptoms using the Beck
Depression Inventory-II, a 21-item self-administered scale.15

Given that symptom dimensions of the Beck Depression
Inventory may differ in their association with cardiovascular
outcomes,16 we calculated 2 separate subscales: negative
affect (8 items) and somatic symptoms (13 items).15 PTSD
symptoms were assessed using the PTSD Symptom Checklist,
civilian version, a 17-item scale.17 Trait anxiety was measured
with the State-Trait Anxiety Inventory.18 To measure trait
anger symptoms, we used the Spielberger’s State-Trait Anger

Clinical Perspective

What Is New?

• Among patients with coronary artery disease, women with
higher psychological distress have a significantly higher
incidence of subsequent cardiovascular events.

• This association is not observed in men and is independent
of coronary artery disease risk factors and indicators of
coronary artery disease severity.

What Are the Clinical Implications?

• Women with coronary artery disease should be recognized
as a vulnerable group toward the effect of psychological
stress on adverse outcomes.

• Consideration should be given to incorporating psycholog-
ical distress measures in the assessment of patients with
coronary disease, especially women.
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Expression Inventory19; to measure hostility, we administered
the Cook-Medley Hostility Scale,20 and to assess general
perceived stress, we used the Perceived Stress Scale.21

These scales were standardized and combined in a
composite psychological distress index, as previously pub-
lished22 and described under the Statistical Analysis section.
We also performed a cluster analysis using latent class
analysis (LCA),23,24 where we constructed a categorical latent
variable through observed related variables.23,24 A latent
construct is a variable that is not directly observed or
measured, but that is constructed through observed corre-
lated variables.23,24 LCA models are based on the assumption
that observed indicator variables are associated with each
other because of an underlying unobserved factor, rather than
being directly related with each other.23,24 Using structural
equation modeling, LCA creates a categorical latent variable

based on the designated observed indicators through maxi-
mum likelihood estimation.23,24 Our primary objective for
using LCA was to identify specific psychological phenotypes in
our study sample (ie, specific combinations of psychological
characteristics or symptoms), and whether these psycholog-
ical characteristics are associated with CVD outcomes. We
have used this same approach in a recent publication.22

Other Study Measures
We used validated instruments to collect demographic,
behavioral, social, and health status data. Race was self-
reported and classified as black versus nonblack. Socioeco-
nomic status was assessed using educational level (catego-
rized as ≤high school or >high school graduation); smoking
status was categorized into current smokers or nonsmokers.

Table 1. Descriptive Characteristics of the Study Population According to Quartiles of Psychological Distress Score (Summed
Z-Score)

Variables

Quartile 1
(Low Symptoms)
(N=167)

Quartile 2
(Mild Symptoms)
(N=166)

Quartile 3
(Moderate Symptoms)
(N=164)

Quartile 4
(High Symptoms)
(N=165)

Total Population
(N=662)

Demographic factors

Age, y, mean (SD)* 66 (8) 65 (8) 62 (9) 59 (9) 63 (9)

Women, N (%)* 39 (23) 38 (23) 47 (29) 61 (37) 185 (28)

Black, N (%)* 38 (23) 39 (23) 49 (30) 71 (43) 197 (30)

Education ≤ high-school, N (%) 28 (17) 39 (23) 47 (29) 53 (32) 167 (25)

Lifestyle factors and medical history

Current smokers, N (%)* 11 (7) 21 (13) 28 (17) 34 (21) 94 (14)

Hypertension, N (%) 123 (74) 131 (79) 124 (76) 127 (77) 505 (76)

Dyslipidemia, N (%) 130 (78) 143 (86) 133 (81) 135 (82) 541 (82)

Diabetes mellitus, N (%) 45 (27) 55 (33) 56 (34) 58 (35) 214 (32)

BMI, mean (SD)* 28 (4) 30 (5) 30 (6) 31 (6) 30 (5)

Previous MI, N (%) 62 (37) 54 (32) 59 (35) 72 (44) 247 (37)

History of heart failure, N (%) 16 (10) 22 (13) 22 (13) 32 (19) 92 (14)

Previous revascularization, N (%) 127 (76) 123 (74) 128 (78) 131 (79) 509 (77)

Ejection fraction in %, mean (SD) 68 (14) 69 (14) 67 (13) 69 (14) 69 (14)

CAD ≥70% stenosis, N (%)† 133 (85) 129 (88) 113 (81) 112 (83) 487 (84)

Current medications

Statins, N (%) 140 (84) 140 (84) 146 (89) 139 (85) 565 (86)

Beta-blockers, N (%)* 106 (64) 125 (75) 129 (79) 132 (80) 492 (74)

ACE inhibitors, N (%) 79 (47) 75 (45) 67 (41) 78 (48) 299 (45)

Aspirin, N (%) 146 (87) 145 (87) 144 (87) 134 (81) 569 (86)

Antidepressants, N (%)* 16 (10) 27 (16) 47 (28) 61 (37) 151 (23)

Anxiolytics, N (%) 8 (5) 13 (8) 18 (11) 16 (10) 55 (8)

ACE indicates angiotensin-converting enzyme; BMI, indicates body mass index; CAD, coronary artery disease; MI, myocardial infarction.
*P<0.05.
†CAD severity based on coronary angiography results before revascularization procedures (if any); 85 observations missing.
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Hypertension, hyperlipidemia, and diabetes mellitus were
ascertained by research staff during the clinic visit through a
detailed medical history. Angiographic data and left ventric-
ular ejection fraction were obtained from the most recent
coronary angiogram documented in the patient’s medical
record. CAD severity was quantified using a cutoff of 70%
blockage in any major arteries.

Statistical Analysis
We converted each psychological symptom scale into a
Z-score variable by subtracting the mean of each scale from
each individual’s reported score and then dividing this by the
SD of each scale. We then summed these individual Z-scores
(a total of 7 Z-scores, corresponding to 7 symptom scales) to

derive a composite psychological distress index. We com-
pared subject characteristics according to quartiles of the
psychological distress index, using either the ANOVA test for
normally distributed variables or the chi-square test for
categorical variables. We also compared baseline character-
istics according to the presence of CVD events and by sex.
For our main analysis, we performed multivariable Cox
proportional hazard regression models with the composite
CVD end point as the outcome and the psychological distress

Table 2. Descriptive Characteristics of the Study Population
According to Sex

Variables
Men
(N=477)

Women
(N=185)

Total
Population
(N=662)

Demographic factors

Age, y, mean (SD) 63 (9) 63 (9) 63 (9)

Black, N (%)* 118 (25) 79 (43) 197 (30)

Education ≤high school, N (%) 116 (24) 51 (28) 167 (25)

Lifestyle factors and medical history

Current smokers, N (%) 66 (14) 28 (15) 94 (14)

Hypertension, N (%) 359 (75) 146 (79) 505 (76)

Dyslipidemia, N (%) 397 (83) 144 (78) 541 (82)

Diabetes mellitus, N (%) 144 (30) 70 (38) 214 (32)

BMI, mean (SD) 29 (5) 30 (6) 30 (5)

Previous MI, N (%) 176 (37) 71 (38) 247 (37)

History of heart failure, N (%) 63 (13) 29 (16) 92 (14)

Previous revascularization, N (%) 364 (76) 145 (78) 509 (77)

Ejection fraction in %,
mean (SD)*

66 (12) 74 (14) 69 (14)

CAD ≥70% stenosis, N (%)† 356 (85) 131 (82) 487 (84)

Current medications

Statins, N (%) 411 (86) 154 (84) 565 (86)

Beta-blockers, N (%) 349 (73) 143 (77) 492 (74)

ACE inhibitors, N (%)* 234 (49) 65 (35) 299 (45)

Aspirin, N (%) 416 (87) 153 (83) 569 (86)

Antidepressants, N (%)* 91 (19) 60 (32) 151 (23)

Anxiolytics, N (%) 36 (8) 19 (10) 55 (8)

ACE indicates angiotensin-converting enzyme; BMI, body mass index; CAD, coronary
artery disease; MI, myocardial infarction.
*P<0.05.
†CAD severity based on coronary angiography results before revascularization
procedures (if any); 85 observations missing.

Table 3. Numbers and Percentages of Patients Who
Developed Cardiovascular Outcomes, According to Sex

Variables Men (N=477)
Women
(N=185)

Total
Population
(N=662)

Total cardiovascular
events, N (%)*

82 (17) 38 (21) 120 (18)

Cardiovascular death, N (%) 8 (2) 1 (1) 9 (1)

Cardiac arrest, N (%) 5 (1) 1 (1) 6 (1)

Myocardial infarction, N (%) 18 (4) 8 (4) 26 (4)

Stroke, N (%) 7 (1) 3 (2) 10 (2)

Heart failure, N (%) 19 (4) 6 (3) 25 (4)

Unstable angina, N (%) 46 (10) 25 (14) 71 (11)

*Individual events do not sum up to total events because of overlap (same individuals
having multiple events during follow-up).

Table 4. Association of Psychological Distress Indicators
With Future Cardiovascular Outcomes in the Overall
Population.

Exposure Comparison

Full Sample:
Unadjusted
HR (95% CI)

Full Sample:
Adjusted HR (95% CI)

Composite psychological distress index (summed Z-scores)

Continuous Z-score 1.19 (1.00–1.41) 1.03 (0.86–1.24)

Quartile 1 (low) Reference Reference

Quartile 2 (mild) 1.22 (0.73–2.06) 1.09 (0.63–1.87)

Quartile 3 (moderate) 1.01 (0.59–1.75) 0.85 (0.48–1.50)

Quartile 4 (high) 1.53 (0.93–2.52) 1.03 (0.60–1.78)

Latent class analysis (cluster analysis)

LCA class 1 (low) Reference Reference

LCA class 2 (mild) 0.49 (0.26–0.91) 0.54 (0.29–1.00)

LCA class 3 (moderate) 0.72 (0.47–1.11) 0.64 (0.41–1.01)

LCA class 4 (high) 1.38 (0.83–2.30) 1.04 (0.61–1.78)

HR represents estimated increase in future cardiovascular disease events hazard when
comparing low symptoms (reference) to upper quartiles/LCA classes (mild, moderate,
and high symptoms). Results adjusted for age, sex, race, education status, body mass
index, smoking, hypertension, diabetes mellitus, dyslipidemia, previous myocardial
infarction, heart failure, and past revascularization. HR, hazard ratio; LCA, latent class
analysis.
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indicator as the main predictor variable. For theses analyses,
the end of the follow-up was considered as either the end
date of the study (follow-up to 36 months) for patients who
did not experience the end point or the date of occurrence of
the study end point, or death, or loss to follow-up. We also
checked whether the proportional hazard assumption was
met in each of our individual models. We adjusted for a priori
chosen covariates, which included sociodemographic charac-
teristics (age, sex, race, and education less than or equal to
high school education), CAD risk factors, and severity
indicators (smoking status, hypertension, dyslipidemia, dia-
betes mellitus, body mass index, history of MI, previous
revascularization, and history of congestive heart failure). For
women-specific models, we also adjusted for hormone
replacement therapy use. In addition, there were no differ-
ences by psychological distress level or by sex in most of
these variables. However, we ran a final model with these
variables included, to examine whether results changed. We

performed LCA using Latent Gold software,25 and model fit
(ie, the minimum number of latent classes needed to get the
best fit of the maximum likelihood) was assessed using
established criteria.23,24 We performed similar analyses as
above with LCA-derived categorical variable too. In separate
models, we explored sex as an effect modifier for the
association between psychological distress and CVD events.
We used SAS software (version 9.3; SAS Institute Inc., Cary,
NC) for the analysis, with an alpha level of 0.05 for statistical
significance.

Results

Sample Characteristics
Thirty-three subjects of the total of 695 had missing
information on either exposure or outcome, leaving an
analytical sample size of 662. Mean age of the study

Figure. Cardiovascular survival by psychological distress: (1) overall population, (2) men, and (3) women. CVD indicates cardiovascular
disease.

DOI: 10.1161/JAHA.118.011866 Journal of the American Heart Association 5

Psychological Stress and Cardiovascular Outcomes Pimple et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



population was 63 years (SD, 9 years), 185 (28%) were
women, 197 (30%) were blacks, and 167 (25%) had less than
or equal to high school education (Table 1). As expected, the
prevalence of cardiovascular risk factors was high in this
population, including hypertension (76%), dyslipidemia (82%),
and type 2 diabetes mellitus (32%). Furthermore, 37% had a
previous MI, and 77% had a previous revascularization
procedure.

The population mean of the composite psychological
distress index was 0 (SD=5.3). Subjects with higher
psychological distress (quartile 4=high symptoms) were
younger (59 years in quartile 4 versus 66 years in quartile
1) and more likely to be female and black (Table 1). Among
lifestyle and medical history factors, only body mass index
and current smoking were significantly different according to
psychological distress level, with patients in higher symptom
quartiles showing greater body mass index and a higher
prevalence of smoking. None of the CAD severity indicators,
like history of MI, heart failure, previous revascularization,
and significant CAD stenosis, were statistically different
according to psychological distress level. Medication use

was similar across the groups, except for beta-blockers and
antidepressants, which were more common in higher
symptoms quartiles. When patient characteristics were
examined by sex, women were more likely to be black and
had a higher ejection fraction, whereas all other cardiovas-
cular risk factors and severity indicators were similar
between men and women. Among medications, women
had lower prescriptions for angiotensin-converting enzyme
inhibitors and higher prescriptions for antidepressants
(Table 2).

LCA classified the study population into 4 classes, with
overall excellent gradation of symptoms across classes,
except for some similarity between classes 1 and 2. Details
are presented in a previous publication.22

Association With CVD Outcomes
Subjects were followed for 2.8 years on average. In total, 120
(18%) subjects had cardiovascular events during follow-up and
women tended to have a higher incidence of CVD events than
men (21% versus 17%; Table 3). The majority of events were
hospitalizations for unstable angina (N=71; 11%), followed by
nonfatal MI and congestive heart failure (4% each).

In the overall sample, there was no association between
the psychological distress indicator (either the summed Z-
score or quartiles of summed Z-score) and future CVD
outcomes (Table 4; Figure). However, a significant interaction
by sex was noted (P=0.004 for sex9summed Z-score
interaction). In women, higher psychological distress was
associated with a higher risk of CVD events: Each SD increase
in the summed Z-score was associated with 1.44 times hazard
of CVD events (95% CI, 1.09–1.92). Women with higher
psychological distress (quartile 4) had an estimated 33%
events at the end of 3 years, as compared with 13% events in
women with low distress (quartile 1; Figure). As compared
with quartile 1, quartile 4 was associated with an adjusted
2.70 higher hazard of cardiovascular events (95% CI, 1.00–
7.30) among women (Table 5). Among men, there were no
differences in cardiovascular outcomes by psychological
distress level, and interaction between sex and psychological
distress quartiles was significant (P=0.03). Analysis done with
LCA-derived classes showed similar results (Table 5). When
we performed these analyses using individual scales instead
of the summed Z-score variable, we found similar results; with
the exception for the anger-trait score, all the psychological
measures were associated with CVD events in women, but not
in men (Table 6).

Discussion
In individuals with preexisting, stable CAD, women with higher
psychological distress, defined as a composite measure of

Table 5. Association of Psychological Distress Indicators
With Future Cardiovascular Outcomes, According to Sex

Exposure
Comparison

Men: Adjusted
HR (95% CI)

Women: Adjusted
HR (95% CI)

P Value for
Sex
Interaction

Composite psychological distress index (summed Z-scores)

Continuous
Z-score

0.85 (0.66–1.08) 1.44 (1.09–1.92) 0.004

Quartile 1
(low)

Reference Reference 0.03

Quartile 2
(mild)

1.09 (0.60–1.99) 1.46 (0.46–4.60)

Quartile 3
(moderate)

0.96 (0.51–1.80) 0.85 (0.26–2.81)

Quartile 4
(high)

0.74 (0.38–1.46) 2.70 (1.00–7.30)

Latent class analysis (cluster analysis)

LCA class 1
(low)

Reference Reference 0.009

LCA class 2
(mild)

0.38 (0.18–0.80) 1.61 (0.50–5.26)

LCA class 3
(moderate)

0.57 (0.33–0.97) 1.00 (0.43–2.37)

LCA class 4
(high)

0.57 (0.26–1.24) 2.71 (1.12–6.49)

HR: represents estimated increase in future cardiovascular disease events hazard when
comparing low symptoms (reference) to upper quartiles/LCA classes (mild, moderate,
and high symptoms). Results adjusted for age, sex, race, education status, body mass
index, smoking, hypertension, diabetes mellitus, dyslipidemia, previous myocardial
infarction, heart failure, past revascularization, and hormone replacement therapy (for
women). HR indicates hazard ratio; LCA, latent class analysis.
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psychological symptom scales (depression, PTSD, anxiety,
anger, hostility, and perceived stress) showed significantly
higher incidence of CVD events, whereas there was no such
association found in men. The sex difference in the associ-
ation was robust to the adjustment of sociodemographic
factors and even traditional cardiovascular risk factors and
clinical disease severity indicators.

Although the overall relationship between psychological
distress indicators, like depression and future cardiovascular
events, is fairly established,4,5,26 previous literature regarding
sex differences in the association between psychological
distress and cardiovascular disease is mixed.12,27 However, 2
recent nationally representative studies, 1 from the United
States using the National Health and Nutrition Examination
Survey28 and the second from Canada using the National
Population Health Survey,29 have shown an association of
depression and other psychological factors with CVD in
women and not in men. Also, the large, 52-countries
Interheart study found a differential effect of the impact of
psychological distress on MI by sex.30 In this study, a
composite measure of psychological symptoms yielded a 40%
population-attributable risk for acute MI in women, whereas
for men the same attributable risk was only 25%. Our results
of an association between a composite psychological distress
measure and future cardiovascular events in women further
add to this evolving literature, and highlight the potential
advantage of measuring an individual’s psychological distress
as a whole.

The proposed mechanisms through which psychological
distress affects CVD are multifactorial and can be grouped in
2 broad categories of behavioral factors (increased smoking,
unhealthy diet, sedentary lifestyle, and medication nonadher-
ence) and biological mechanisms, mainly through autonomic
nervous system dysfunction leading to lower heart-rate

variability, increased sympathetic nervous system activation
and inflammatory activity, as well as endothelial and platelet
abnormalities.31 Women have been shown to be more prone
to the postulated ill effects of psychological stress on
biological mechanisms like increased inflammatory activity,32

increased platelet activation,33 and lower heart-rate variabil-
ity.34 However, the effect of these potential mediators on the
association between psychological distress and CVD events
needs to be explored further.

Potentially, the association between psychological dis-
tress and future CVD events among women with preexisting
CAD could be attributed to “reverse-causation,” that is,
higher baseline CVD burden can lead to higher psychological
symptoms and to more future events. However, there were
no sex differences in these factors, and the sex differences
in the association between psychological distress and future
CVD events persisted even after adjusting for validated
indicators of CAD severity like history of MI and heart
failure.

Our study has several strengths. To the best of our
knowledge, this is the first study to investigate the association
between a comprehensive measure of psychological distress
and future cardiovascular events. Our study population was
well characterized clinically and with thorough exposure
assessment of psychological factors across multiple domains.
Also, cardiovascular events and causes of death were
adjudicated by experienced cardiologists using an established
protocol. Our study, however, is not without limitations.
Measurement bias for the exposure (psychological distress) is
an important issue, given that all these factors are self-
reported, and can be an explanation for the lack of association
between distress and CVD events in men, given that men
might under-report depressive symptoms, as compared with
women.35 Also, because we studied individuals with

Table 6. Association of Individual Psychological Indicators With the CVD Events Composite End Point, According to Sex

Exposure Comparison
Full Sample: Adjusted
HR (95% CI)

Men: Adjusted
HR (95% CI) Women: Adjusted HR (95% CI)

P Value for
Sex Interaction

CVD events (cardiovascular death/cardiac arrest/MI/stroke/CHF/UA)

BDI-somatic score 1.13 (0.96–1.34) 0.94 (0.75–1.18) 1.45 (1.11–1.89) 0.01

BDI-negative affect score 1.08 (0.92–1.28) 0.91 (0.72–1.15) 1.47 (1.13–1.90) 0.007

PCL score 1.18 (1.01–1.38) 1.00 (0.79–1.26) 1.45 (1.14–1.83) 0.03

STAI Anxiety-Trait score 1.06 (0.89–1.28) 0.88 (0.69–1.12) 1.41 (1.04–1.91) 0.01

STAXI Anger-Trait score 1.08 (0.91–1.28) 0.98 (0.79–1.22) 1.25 (0.94–1.68) 0.19

CMHS hostility score 1.00 (0.82–1.18) 0.83 (0.66–1.04) 1.39 (1.02–1.90) 0.007

Perceived-stress score 0.99 (0.89–1.26) 0.78 (0.61–1.00) 1.36 (1.00–1.86) 0.005

Results adjusted for age, sex (in full sample), race, education status, body mass index, smoking, hypertension, diabetes mellitus, dyslipidemia, previous myocardial infarction, heart failure,
past revascularization, and hormone replacement therapy (for women). BDI indicates Beck Depression Inventory; CMHS, Cook–Medley Hostility Score; CVD, cardiovascular disease; HR,
represents estimated increased hazard in future CVD events with each standard deviation increase in the individual psychosocial scale; PCL, PTSD Symptom Checklist (Civilian); STAI,
State-Trait Anxiety Inventory; STAXI, State-Trait Anger Expression Inventory.
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established CAD, we cannot exclude a possible collider bias,36

and traditional confounding adjustment may not be sufficient
to correct for this bias. We also could not account for the time
lag between the last CAD event and the study baseline visit.
Finally, the number of events for specific CVD events was
small, precluding the ability to analyze these events sepa-
rately.

In conclusion, we found that, among CAD patients, a higher
level of psychological distress, measured as a composite
measure of a variety of symptom scales, is associated with
higher cardiovascular events in women, but not in men. These
findings suggest that the value of a regular assessment of
psychological measures in cardiovascular practices, especially
for women, should be considered. Equally important should be
the exploration of treatment modalities for ameliorating
psychological distress in patients with CAD,37 especially among
women, including holistic approaches, like meditation or
relaxation techniques, in addition to traditional medical therapy.
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