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Background-—Young women with coronary heart disease have high rates of depression and a higher risk of adverse events than
men of similar age. Whether depression has a higher prognostic value in this group than in men and older women is not known. Our
objective was to assess whether depression in young women is associated with higher risk of coronary artery disease (CAD) and
adverse outcomes compared with similarly aged men and older women.

Methods and Results-—We examined 3237 patients undergoing coronary angiography for evaluation of CAD and followed them for
2.9 years (median). Depressive symptoms were assessed with the Patient Health Questionnaire (PHQ)-9, and CAD burden was
dichotomized based on its presence or absence. After multivariable adjustment for CAD risk factors, depressive symptoms
predicted CAD presence in women aged ≤55 years (odds ratio=1.07 95% confidence interval [CI] 1.02 to 1.13 per 1 point increase
in PHQ-9 score), but not in men aged ≤55 years or women aged >55 years. Depressive symptoms also predicted increased risk of
death in women aged ≤55 years (adjusted hazard ratio=1.07, 95% CI 1.02 to 1.14, per 1 point increase in PHQ-9 score), but not in
men aged ≤55 years and women aged >55 years, with P=0.02 for the depression-sex interaction and P=0.02 for depression-sex-
age interaction.

Conclusions-—Among patients with suspected or established CAD, depressive symptoms are associated with increased risk
of death, particularly in young women. This group may be especially vulnerable to the adverse cardiovascular effects of depression.
( J Am Heart Assoc. 2014;3:e000741 doi: 10.1161/JAHA.113.000741)
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D epression is a prevalent and increasingly recognized risk
factor for both the development of and the outcome from

coronary artery disease (CAD).1 Recent meta-analyses have
reported pooled estimates of cardiovascular risk between 50%
to >100% higher for individuals with depressive symptoms or
clinical depression compared to those without.2,3 All these
reports, however, have pointed out substantial heterogeneity of
results among individual studies.4,5

A potential explanation for the variability in previous results
is heterogeneity of effects among various demographic
groups. Limited evidence suggests that depression and other
psychosocial risk factors might be more powerful risk factors
in young individuals,6 and especially in young women.7–9

Although few women develop cardiovascular disease at a
young age,10 the lifetime risk in women is over 50%,11 and
therefore identification of risk factors in young populations
may provide long-term benefit by enabling early prevention.
Furthermore, young women are traditionally under-repre-
sented in cardiovascular disease studies,12 have higher rates
of depression,13,14 and have higher mortality rates after acute
myocardial infarction (MI) compared with men.15 Although
coronary heart disease mortality rates have declined in the
United States, this decline is less pronounced among young
women in recent years.10,16

In this study, we sought to examine sex and age
interactions in the association of depressive symptoms with
both CAD severity and adverse events (death, MI, and
revascularization) in a large sample of patients undergoing
cardiac catheterization. We hypothesized that depression
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shows a more robust association with CAD and is a stronger
predictor of adverse outcomes in younger women compared
with men and older women.

Methods

Study Population
Study participants were recruited as part of the Emory
Cardiovascular Biobank, consisting of 3911 patients enrolled
before undergoing elective or emergent coronary angiography
across 3 Emory healthcare sites between 2003 and 2010.17 A
total of 674 patients (17.2%) were excluded because of missing
depression data, leaving 3237 patients for analysis. For the
CAD analysis, an additional 151 cardiac transplant recipients
were excluded. The Emory Institutional Review Board approved
the study and all patients provided informed consent.

Study Measures
Patients were enrolled and interviewed on the same day of their
cardiac catheterizations, withmost interviews occurring prior to
catheterization. Depressive symptomswere assessed via the 9-
question Primary Care Evaluation of Mental Disorders Brief
Patient Health Questionnaire (PHQ-9),18 which, at a cutoff of
10 points or higher (out of 27), signifying at least moderate
depression, has a sensitivity and specificity of 88% for major
depression.19 Other measures, including lifestyle factors,
medical comorbidities, revascularization during the index
cardiac catheterization, and previous revascularization proce-
dures were ascertained via patient interview and chart review.

CAD and Severity Scoring
Two of the authors (R.S.P. and I.J.N.) evaluated all coronary
angiographies by visual estimation of luminal narrowing in
multiple segments based on a modified form of the American
Heart Association classification of the coronary tree,20 masked
to depression status and other patient data. Reviewers were
blinded to depression status, but not sex and age. Semi-
quantitative angiographic scoring was performed using the
Gensini score, which quantifies CAD severity by a nonlinear
points system for degree of luminal narrowing weighted by a
multiplier for specific anatomical locations of any lesions.21 To
determine inter-rater reliability, both evaluators analyzed 25
random angiograms; the intra-class correlation was 0.88 for
CAD severity based on the Gensini classification scheme.

Outcomes and Follow-Up
Follow-up was conducted at 2 and 5 years post-enrollment.
Subsequent hospitalizations were assessed via telephone

interview with the patient and/or a close family member who
was familiar with the patient’s health, and by monitoring (via
chart review) admissions at Emory hospitals on all patients,
regardless of patient self-report. Specialized research staff
confirmed all events via chart review if the hospital was within
the Emory University system (80% of the admissions); hospital
admissions outside of the Emory system were determined by
self-report, and, verified through chart review where possible.
All-cause mortality was assessed through verbal communica-
tions with family, Georgia vital records, and the Social
Security Death Index. Major adverse cardiovascular events
(MACE) were determined to occur if the patient died, was
hospitalized for MI, or received new revascularization proce-
dures (percutaneous coronary intervention [PCI] or coronary
artery bypass surgery [CABG]).

Statistical Analysis
Analysis was conducted using SAS 9.3 for Windows (ª2008).
Patients were categorized by sex and age, with 3 main age
groups of roughly equal proportion: ≤55, 56 to 64, and
≥65 years of age. Prevalence of various demographics and
cardiovascular risk factors were compared between moder-
ate-to-severe depression (PHQ-9≥10) and none-to-mild
depression (PHQ-9<10). Risk ratios of each category between
depressed and non-depressed groups were also calculated,
and chi-square tests were used to calculate for statistical
significance between groups with PHQ-9 scores ≥10 and <10.

Because of the non-normal distribution of the Gensini
score, the association between depression and Gensini score
was first attempted using ordinal logistic regression, with
quartiles of the Gensini score as the outcome. For the first,
second, third, and fourth quartiles, the Gensini scores were 0,
1 to 13, 14 to 53, and >54 units, respectively. However, the
proportional odds assumption was not met (P=0.02) in
women ≤55 years of age; all 3 upper quartiles of Gensini
score had similarly increased depressive symptoms compared
with the lowest quartile in which Gensini score=0. As a result,
the Gensini score was used as a binary outcome in a logistic
regression model such that patients were categorized as
either having CAD (Gensini>0) or not having CAD (Gensini=0).

Cox proportional hazards models were performed with all-
cause death as the primary endpoint and MACE as a
secondary endpoint. Censoring was applied after the date of
the first MACE event or date of latest patient contact,
whichever occurred first. Depressive symptoms were ana-
lyzed as a continuous predictor of death and MACE. The
assumption of linearity was verified for each outcome.
Additionally, to provide a clinically relevant interpretation of
results, an additional analysis was performed with depression
as a binary predictor (moderate/severe depression [PHQ-
9≥10] versus PHQ-9<10). All multivariable models adjusted
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for pre-specified potential confounding factors, including
demographic factors (age, black race), CAD risk factors and
cardiac medical history (hypertension, diabetes, hyperlipid-
emia, current or past smoking, body mass index, heart failure,
history of stroke), and reason for coronary angiography (acute
MI, angina [or angina-equivalent], or positive stress test).
Analyses were done in the entire group as well as after
stratification for age and sex. In each of the 3 age categories,
the interaction of depression with sex was tested. Addition-
ally, the 3-way interaction of depression, sex, and age
category was tested in the pooled sample to evaluate whether
the risk of depression differed by age category in addition to
sex. The proportional hazards assumption was tested using
visual inspection of the �2 log-log plot, as well as Schoenfeld
residuals for all independent variables. For the outcomes
analysis (death and MACE), a sensitivity analysis was
performed where the Gensini score and any planned revas-
cularization (within 7 days for PCI and within 90 days for
CABG) were added to the model to investigate the impact
of CAD severity, and of any differences in likelihood of
subsequent interventions, on the relationship between
depressive symptoms and death/MACE. Because the validity
of depression assessment in the acute setting is unknown, we
also performed a subgroup analysis of elective cases, in which
urgent cases (acute MI) were excluded.

Results
The 674 patients with missing depression data were similar to
those without missing data with some exceptions; they were
more likely to be women (39% versus 33%), never-smokers
(47% versus 38%), have heart failure (26% versus 20%), and
less likely to have undergone coronary angiography because
of a positive stress test (40% versus 46%).

Baseline Descriptive Analysis
In the sample that was left for analysis (n=3237) women
comprised 34% of the sample, and the mean age�standard
deviation (SD) was 62.5�11.8 years. In Table 1, we compared
key characteristics between moderate to severe depression
(PHQ-9≥10) and none to mild depression (PHQ-9<10), in 6
subgroups stratified by age and sex. With some exceptions, the
moderate to severely depressed group showed a greater
prevalence of cardiovascular risk factors and comorbidities
compared with those with none to mild depression. Of note,
significant differences in history of PCI and CABG, as well as in
decision to performing stenting, were found only for women
aged≤55 years (higher inmoderate toseveredepressionversus
none to mild depression), and not in the other subgroups.

The prevalence of moderate to severe depression was
compared among age and sex subgroups (Figure 1). Women

aged ≤55 years were found to have the highest prevalence of
moderate to severe depression (27%), while men ≥65 years
had the lowest depression rates (9%).

Depression and Coronary Artery Disease
No association was found between depressive symptoms and
the presence of CAD in the total sample (odds ratio [OR]
for CAD per 1 point PHQ-9 score increment, 1.02, 95%
confidence interval [CI], 0.99 to 1.03). However, significant
heterogeneity in this association was found across age and
sex. Using logistic regression, Table 2 shows that depressive
symptoms were associated with CAD only in women
≤55 years of age, such that each 1-point increase in PHQ-9
score was associated with a 1.08 increased odds (95% CI,
1.03 to 1.12) of CAD. Demographics, cardiovascular risk
factors, and reason for coronary angiography did not explain
this association; the adjusted OR was 1.07 (95% CI, 1.02 to
1.13). The relationship between PHQ-9 score and CAD among
women ≤55 years of age was approximately linear (Figure 2).
No positive associations were found in the other subgroups.
The adjusted 3-way interaction between depression, sex and
age category, which tests the difference in the association for
depression according to both age category and sex, was
significant (P=0.04, adjusted model). Among those ≤55 years
of age, the depression-sex interaction was also significant
(P=0.01 in the adjusted model). Otherwise, no statistically
significant differences in depression risk were found among
age and sex subgroups.

Whenexaminingonly electivecases (n=2760,with326acute
MIcasesexcluded), the resultsweresimilar to thoseof thewhole
group. In women ≤55 years of age, the adjusted OR of CAD for
each PHQ-9 point increase was 1.07 (95% CI, 1.01 to 1.12), and
the interaction between case urgency and depression was not
significant (P=0.41). In the other demographic groups, no
significant relationships between depression and CAD were
found among elective cases, similar to the sample overall.

When using depression as a binary predictor of CAD (PHQ-
9≥10 versus PHQ-9<10), moderate/severe depression was
associated with an increased odds of CAD in women ≤55 years
of age only, with adjusted OR=2.02 (95% CI, 1.03 to 3.97). The
sex-depression interaction of the OR for CADwas significant for
those aged ≤55 years, P=0.02. The results for each sex and age
subgroup are shown in Figure 3. When comparing the odds
ratios of CAD among the other age and sex subgroups, no
statistically significant differences were found.

Depression and Major Adverse Cardiovascular
Events
In the total sample, after 11 466 person-years of follow-up
(median 2.9 years), at least 1 major adverse event occurred in
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868 (27%) patients, including 467 deaths, 143 MIs, 402 PCIs,
and 65 CABGs. Depressive symptoms predicted death and
MACE in an approximately linear relationship. Each 1-point

increase in PHQ-9 score was associated with a hazard ratio
(HR) of 1.05 (95% CI, 1.03 to 1.06) for death and 1.04 (95%
CI, 1.02 to 1.05) for MACE. Adjustment for covariates

Table 1. Baseline Characteristics of Population Undergoing Coronary Angiography According to Depressive Symptoms

Age ≤55 Years Age 56 to 64 Years Age ≥65 Years

PHQ-9≥10 PHQ-9<10 RR PHQ-9≥10 PHQ-9<10 RR PHQ-9≥10 PHQ-9<10 RR

Women n 80 221 49 216 60 445

Black race 21% 20% 1.04 12% 23% 0.54 15% 16% 0.91

Current smoker 31% 18% 1.72* 22% 14% 1.56 14% 8% 1.77

Hypertension 79% 61% 1.29* 86% 67% 1.29* 85% 81% 1.05

Diabetes 36% 24% 1.48* 51% 38% 1.34 32% 32% 1.00

Hyperlipidemia 63% 57% 1.10 78% 69% 1.13 75% 73% 1.03

HF 24% 21% 1.12 16% 20% 0.80 33% 18% 1.83*

History of stroke 11% 6% 1.91 18% 13% 1.47 10% 11% 0.95

History of PCI 35% 18% 1.98* 39% 29% 1.35 47% 39% 1.21

History of CABG 15% 6% 2.37* 12% 11% 1.15 25% 13% 1.85*

Obese (BMI ≥30 kg/m²) 58% 52% 1.10 65% 50% 1.29 30% 39% 0.78

Current MI 5% 6% 0.90 8% 6% 1.47 5% 9% 0.60

Angina 80% 63% 1.27* 76% 58% 1.30* 75% 47% 1.59*

Reason for cath

Positive stress 45% 49% 0.92 51% 54% 0.95 41% 43% 0.95

Angina (or equivalent) 66% 58% 1.14 66% 57% 1.16 73% 62% 1.19

PCI after cath 24% 12% 2.02* 22% 21% 1.08 27% 24% 1.12

CABG after cath 4% 4% 0.92 4% 3% 1.47 5% 6% 0.86

Men n 77 473 74 563 88 891

Black race 16% 16% 0.95 20% 17% 1.19 18% 17% 1.05

Current smoker 26% 21% 1.25 31% 16% 1.89* 14% 6% 2.28*

Hypertension 74% 64% 1.15 86% 69% 1.26* 70% 74% 0.95

Diabetes 29% 26% 1.11 46% 29% 1.58* 44% 33% 1.33*

Hyperlipidemia 73% 63% 1.15 76% 69% 1.10 74% 74% 1.00

HF 18% 18% 1.04 26% 20% 1.31 33% 21% 1.59*

History of stroke 6% 4% 1.46 15% 7% 2.26* 22% 9% 2.47*

History of PCI 40% 39% 1.03 50% 44% 1.13 55% 52% 1.05

History of CABG 21% 12% 1.69* 26% 22% 1.17 42% 35% 1.19

Obese (BMI ≥30 kg/m²) 52% 49% 1.07 53% 44% 1.20 32% 30% 1.05

Current MI 9% 12% 0.73 15% 12% 1.30 13% 12% 1.08

Angina 78% 53% 1.47* 70% 48% 1.46* 63% 46% 1.36*

Reason for cath

Positive stress 36% 49% 0.73* 39% 43% 0.91 39% 48% 0.80

Angina (or equivalent) 71% 52% 1.38* 69% 57% 1.22* 72% 57% 1.27*

PCI after cath 22% 26% 0.86 23% 28% 0.82 32% 29% 1.09

CABG after cath 5% 6% 0.91 9% 9% 1.02 7% 9% 0.79

BMI indicates body mass index; CABG, coronary artery bypass surgery; Cath, cardiac catheterization; HF, heart failure; MI, myocardial infarction; PCI, percutaneous coronary intervention;
PHQ-9, Patient Health Questionnaire-9; RR, risk ratio of risk factor in depressed group vs non-depressed group.
*P<0.05.
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minimally impacted the results. The proportional hazards
assumption was met for all independent variables.

When women and men were stratified by age (Table 3),
depressive symptoms were found to have the highest
adjusted hazard ratios of death and MACE in young women,
with a HR of 1.08 (95% CI, 1.01 to 1.15) and 1.06 (95% CI,
1.01 to 1.11), respectively. The HRs for women decreased as
age category increased. For death, but not MACE, the
depression-sex-age interaction in the fully adjusted model
was significant (P=0.02). Men with depressive symptoms
aged ≥65 years were also noted to have a higher incidence of
death and MACE relative to men of the same age without
increased depressive symptoms, with HR=1.07 (95% CI, 1.03
to 1.09) for death and 1.04 (95% CI, 1.02 to 1.07) for MACE.
Otherwise, no significant associations in the other subgroups

were found. Sensitivity analysis revealed no appreciable
change in HR when the Gensini score and post-catheteriza-
tion interventions were added to the models. When compar-
ing the HR amongst age and sex subgroups, men aged
≥65 years with higher depressive symptoms had a signifi-
cantly higher HR for death than men aged ≤55 years, with
P<0.01. Otherwise, no significant differences in HR were
found.

When examining only elective cases (n=2910, with n=327
acute MI cases excluded) in multivariate analyses, the results
were generally similar, with adjusted HR=1.05 (95% CI 1.03 to
1.07) for death and HR=1.03 (1.02 to 1.05) for MACE per
PHQ-point increase. The interactions between case urgency
and PHQ-9 scores were not significant for death (P=0.07) or
MACE (P=0.36). In women ≤55 years, restriction of analysis to
elective cases resulted in slight increase in the adjusted HR to
1.09 (95% CI, 1.03 to 1.17) for death and 1.08 (95% CI, 1.03 to
1.13) for MACE, P=0.98 and P=0.11, respectively, for the
interaction with case urgency. Similarly, among men aged
≥65 years, the HR increased slightly to 1.08 (95% CI, 1.05 to
1.12) for death and 1.06 (95% CI, 1.03 to 1.09) for MACE;
P=0.03 and P=0.02, respectively, for the interaction with case
urgency.

When analyzing depression as a binary predictor (Fig-
ure 4), similar associations were found. In women aged
≤55 years, moderate to severe depression was associated
with a HR of 2.45 (95% CI, 1.05 to 5.73) for death and 2.17
(95% CI 1.20 to 3.96) for MACE. In men aged ≥65 years, the
results were also significant with similar effect size. For
MACE, a significant sex-depression interaction was found for
those aged ≤55 years, P=0.049. Otherwise, no differences in
depression risk were found among the other age and sex
subgroups.

Depression
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Figure 1. Proportion of patients with moderate or higher severity
depressive symptoms (PHQ-9≥10) according to age and sex. PHQ-9
indicates Patient Health Questionnaire-9.

Table 2. Odds Ratio for Coronary Artery Disease Per 1-Point Increase in Patient Health Questionnaire-9 Score

Model Men Women
Depression-Sex
Interaction

Depression- Sex-Age
Interaction*

Unadjusted models

Age, y† Odds ratio (95% confidence interval) P value P value

≤55 1.01 (0.97 to 1.04) 1.08 (1.03 to 1.12) 0.02 0.04

56 to 64 1.04 (0.99 to 1.09) 1.06 (1.01 to 1.12) 0.54

≥65 1.02 (0.97 to 1.07) 0.99 (0.95 to 1.04) 0.46

Adjusted‡ model

≤55 1.00 (0.95 to 1.04) 1.07 (1.02 to 1.13) 0.01 0.04

56 to 64 1.02 (0.97 to 1.08) 1.05 (0.99 to 1.12) 0.68

≥65 0.99 (0.94 to 1.04) 0.98 (0.93 to 1.03) 0.49

*P value derived from pooled model that included all age groups. The unadjusted P value for the 3-way interaction was from a model that included PHQ-9 score, sex, age group, and all the
lower term interactions. The adjusted P value was from a model that also included the variables listed below.
†Separate models were constructed for each age stratum and sex. The 2-way interaction between depression and sex was from a model that pooled men and women within age strata.
‡Adjusted for age, black race, hypertension, hyperlipidemia, diabetes, heart failure, current/past smoking, body-mass index, history of stroke, and reason for cardiac catheterization (acute
myocardial infarction, symptoms, or positive stress test).
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Discussion
In this large sample of women and men undergoing coronary
angiography, we found that the association between
depressive symptoms and CAD, as well as death/MACE,
varied by sex and age. As hypothesized, women <55 years of
age emerged as the group with the highest risks associated

with depressive symptoms. Of additional concern, this group
also had the highest burden of depression as well, with 27%
having at least moderate depressive symptoms or higher.

Our study is the first to systematically address the
relationship of depression with both CAD severity and
cardiovascular outcomes in women and men of various age
groups, and points to depressed women ≤55 years as a
subgroup with substantially higher CAD comorbidity and
worse prognosis. Such interaction between sex and age on
the adverse cardiovascular effects of depression has rarely
been investigated before. Our findings are consistent with
community data among nearly 7000 US adults age 17 to
39 years where women with depression or history of
attempted suicide had a significant 14-fold adjusted HR for
ischemic heart disease death; the HR in men was also
significant, but much lower, at 3.5.6 Wyman et al also noted
disproportionately elevated cardiovascular disease death risk
in women, but not men, with depression aged 18 to
39 years (HR=6.18, 95% CI, 1.39 to 27.46).9 Furthermore, in
a cohort of young Finnish adults, anxiety was found to be a
stronger risk factor for cardiovascular disease in women
than in men.7 As a whole, these studies suggest that young
women may be especially susceptible to the cardiovascular
consequences of psychosocial risk factors, especially
depression.

This is the first study to show such significant sex and age
differences in young women with CAD, a potentially higher
risk phenotype than similarly aged men.22 Other studies with
CAD patients were similarly limited by small numbers of
young subjects, particularly women.23–25 Two relatively large
studies of post-MI patients found no sex interaction of
depression for cardiac events or mortality, but did not
examine the results by age.5,26

Among patients with CAD, data are even more limited on
whether psychosocial predictors of CAD severity or outcomes
differ between women and men, and almost no information is
available on young populations.1,27–30 Studies of the relation-
ship between depression and angiographically verified CAD
have been generally small, conflicting, and mostly in men.31,32

Some authors have reported significant associations between
depression and coronary calcium score (a non-invasive
surrogate of CAD) in young and middle-aged women, but
did not have a male comparison group.28,33

Underlying reasons for why there are sex differences in the
extent to which depression predicts death and MACE in young
populations are unclear. Many potential mechanisms have
been proposed to explain increased risk due to depression
including inflammatory, neuroendocrine, autonomic, as well
as behavioral pathways.1,27–30 Few studies have focused on
sex differences, however. A previous study showed that in
women, but not men, there was an association between
depression and a haplotype of a leukotriene gene that is
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Figure 2. Prevalence of coronary artery disease, as well as risk of
death and major adverse cardiac events according to PHQ-9 score
in women aged ≤55 years. CAD indicates coronary artery disease;
MACE, major adverse cardiovascular events; PHQ-9, Patient Health
Questionnaire-9.

0.4 4

Men ≥ 65 years       0.84 (0.39-1.84)     90% vs. 87%   

Men 56-64 years      1.10 (0.51-2.378)     82% vs. 78%

Men ≤ 55 years      0.94 (0.51-1.72)     69% vs. 66%   

Women ≥ 65 years     0.78 (0.40-1.51)     73% vs. 75%   

Women 55-64 years     1.57 (0.74-3.33)     6 9% vs. 58%

Women ≤ 55 years     2.02 (1.03-3.97)     58% vs. 38%   

Subgroup                   OR             CAD Prevalence*

Risk Ratio

Figure 3. Adjusted odds ratio of coronary artery disease for
moderate/severe depression (PHQ-9≥10) compared with no or
mild depression (PHQ<10). Models are adjusted for age, black
race, hypertension, hyperlipidemia, diabetes, heart failure, cur-
rent/past smoking, body-mass index, history of stroke, and
reason for cardiac catheterization (acute myocardial infarction,
symptoms, or positive stress test), Gensini score, and post-
catheterization intervention. *CAD prevalence in depressed vs
non-depressed groups. Note: Sex-depression interaction P=0.02,
0.36, and 0.45 for ages ≤55, 56 to 65, and ≥65 years,
respectively. Sex-age-depression interaction P=0.03. CAD indi-
cates coronary artery disease; OR, odds ratio; PHQ-9, Patient
Health Questionnaire-9.
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involved in inflammation.34 Women may also respond phys-
iologically to stress and depression differently than men. Early
life trauma, a risk factor for depression,35 is known to

exacerbate the cortisol response due to acute stress in young
women,36 which over time may lead to increased obesity,
dyslipidemia, and other metabolic abnormalities.37 Depres-

Table 3. Hazard Ratios* for Death and Major Adverse Cardiovascular Events Per 1-Point Increase in Patient Health Questionnaire-9
Score

Age, y* Men Women
Depression-Sex
Interaction

Depression- Sex-Age
Interaction†

Death

Unadjusted Hazard ratio (95% confidence interval) P value P value

≤55 1.02 (0.97 to 1.07) 1.08 (1.03 to 1.14) 0.11 0.02

56 to 64 1.05 (1.01 to 1.10) 1.10 (0.96 to 1.07) 0.28

≥65 1.08 (1.06 to 1.11) 1.03 (0.98 to 1.07) 0.04

Adjusted‡ model

≤55 0.97 (0.91 to 1.03) 1.07 (1.01 to 1.14) 0.02 0.02

56 to 64 1.03 (0.98 to 1.09) 1.10 (0.95 to 1.07) 0.54

≥65 1.07 (1.04 to 1.10) 1.02 (0.97 to 1.07) 0.08

Adjusted‡ model+Gensini score

≤55 0.97 (0.91 to 1.03) 1.07 (1.07 to 1.14) 0.02 0.03

56 to 64 1.03 (0.98 to 1.09) 1.10 (0.99 to 1.07) 0.58

≥65 1.07 (1.04 to 1.11) 1.02 (0.96 to 1.07) 0.08

Adjusted‡ model+Gensini score+post-catheterization intervention

≤55 0.97 (0.91 to 1.03) 1.08 (1.01 to 1.15) 0.02 0.03

56 to 64 1.04 (0.99 to 1.09) 1.01 (0.95 to 1.98) 0.57

≥65 1.07 (1.03 to 1.09) 1.02 (0.97 to 1.07) 0.11

Myocardial infarction, revascularization, or death (composite)

Unadjusted Hazard ratio (95% confidence interval) P value P value

≤55 1.03 (1.00 to 1.64) 1.07 (1.03 to 1.11) 0.16 0.01

56 to 64 1.05 (1.02 to 1.08) 1.02 (0.98 to 1.07) 0.35

≥65 1.05 (1.03 to 1.07) 1.00 (0.96 to 1.04) 0.03

Adjusted‡ model

≤55 1.01 (0.97 to 1.04) 1.05 (1.01 to 1.110) 0.18 0.07

56 to 64 1.03 (0.99 to 1.06) 1.02 (0.98 to 1.07) 0.62

≥65 1.04 (1.02 to 1.07) 0.99 (0.96 to 1.04) 0.11

Adjusted‡ model+Gensini score

≤55 1.01 (0.97 to 1.04) 1.05 (1.01 to 1.10) 0.21 0.09

56 to 64 1.03 (0.99 to 1.06) 1.02 (0.98 to 1.07) 0.67

≥65 1.04 (1.02 to 1.07) 1.00 (0.96 to 1.04) 0.13

Adjusted‡ model+Gensini score+post-catheterization intervention

≤55 1.01 (0.97 to 1.04) 1.06 (1.01 to 1.11) 0.22 0.10

56 to 64 1.03 (0.99 to 1.06) 1.03 (0.98 to 1.08) 0.67

≥65 1.04 (1.02 to 1.07) 0.99 (0.95 to 1.04) 0.13

*P value derived from pooled model that included all age groups. The unadjusted P value for the 3-way interaction was from a model that included PHQ-9 score, sex, age group, and all the
lower term interactions. The adjusted P value was from a model that also included the variables listed below.
†Separate models were constructed for each age stratum and sex. The 2-way interaction between depression and sex was from a model that pooled men and women within age strata.
‡Adjusted for age black race, hypertension, hyperlipidemia, diabetes, heart failure, current/past smoking, body-mass index, history of stroke, history of revascularization, and reason for
cardiac catheterization (acute myocardial infarction, symptoms, or positive stress test).
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sion may also affect hormonal regulation specifically in
premenopausal women, potentially leading to ovulatory
dysfunction and decreased hormonal cardioprotection.38,39

In addition to physiologic factors, behavioral mechanisms,
such as sedentary lifestyle, smoking, and medication adher-
ence, may also help explain the risk of adverse outcomes
associated with depression.40 In following from the observa-
tion in Table 1 that more women with depression had
previous revascularization procedures than those without
depression, we must also consider a bidirectional relationship
between depression and CAD. It may be possible, for
example, that young women may develop depression in
reaction to the diagnosis of CAD.41

Our results have important clinical implications, as young
women have significantly higher post-MI mortality than young
men.15 More attention should be paid to depression in this
high-risk group, especially because <20% of depressed
post-MI patients (in general) receive pharmacologic treat-
ment.14 Although treatment for depression has yet to show a
significant benefit in the prognosis of CAD, particularly among
women,42 emerging data suggest that stress reduction
customized for women could be helpful in this respect.43

Of note, we found an opposite trend for outcomes in men,
such that men ≥65 years of age with depressive symptoms
also had increased risk of death and MACE; similar findings
were also noted by Wyman et al.9 Although the reasons for
this finding are not clear, previous literature suggests that in
older men, as opposed to women, depression is more likely to
be the result of underlying disability than stressful life
events.44,45 Table 1 also shows a generally higher burden of
risk factors in depressed men ≥65 years of age compared
with depressed women ≤55 years of age, most notably in
terms of history of PCI (55% versus 35%), CABG (42% versus
15%), and stroke (22% versus 11%). Therefore, not only may
the etiology of depression differ in these 2 demographic
groups, but also the increased risk of death in depressed older
men may be, in part, secondary to unmeasured confounders
related to frailty and disability.

Our study has a number of limitations worth noting. Since
this is a single-center study of patients referred for coronary
angiography, our findings may be subject to selection bias and
may not be generalizable to other centers or the general
population. Nonetheless, it has the advantages of carefully
measured and validated CAD severity assessment based on
angiographic assessments, detailed information on previous
medical history, and prospective outcome data, as well as a
relatively large number of young women. Women with both
CAD and depression may be over-represented in our database
due to referral differences, although whether referral bias
might have occurred based on both sex and depression status
is debatable. The associations found with CAD severity were
cross-sectional, and thus direction of causality with depres-
sion cannot be ascertained. Hospitalization outcomes, which
were included as a component of MACE, could not be
validated in the 20% of cases that occurred outside of Emory;
because of this, this outcome was analyzed as a secondary
endpoint. Finally, unmeasured confounders may exist in the
relationship between depression and CAD/adverse events.

In conclusion, young women undergoing cardiac catheter-
ization with depression are more likely to have CAD, and
are at higher risk of cardiovascular events and death than
men or older women. These findings stress the need for
more research on CAD and psychosocial factors, particularly
depression, in young women, who are often under-repre-
sented in clinical studies of cardiovascular disease. Because
ischemic heart disease is the most common cause of death
in women, reducing the risk and/or consequences of
depression in young women may have significant public
health impact.
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