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Background: Psychological factors are associated with adverse prognosis in patients with ischemic heart disease
(IHD). However, it is unknown whether these risk factors differ between women and men.
Methods: PubMed, EMBASE, and PsycINFO were searched to identify studies assessing the risk of psychological
factors for major adverse cardiovascular events (MACE) in samples with IHD. Psychological factors included
anger/hostility, anxiety, depression, psychological distress, social support, Type A behavior pattern, Type D per-
sonality, and Posttraumatic Stress Disorder (PTSD).
Results: A total of 44 articles (64 separate reports) including 227,647 women and 321,894 men reporting
confounder-adjusted hazard ratios (HRs) or relative risks (RRs) were included in the primary analysis. Results
based on random-effects models showed that the association between psychological factors (all combined)
and MACE was stronger in men (n = 321,236; 57 reports; HR = 1.37, 95%CI 1.27–1.48) than in women (n =
226,886; 56 reports; HR= 1.21, 95%CI 1.12–1.30; p= .017). A subset of the studies focusing on women showed
significant associations between anger/hostility, depression, and distress withMACE. Formen, statistically signif-
icant associations were found for anxiety, depression, and distress with MACE.
Conclusions: Psychological factors are associatedwithMACE in sampleswith IHD in bothwomen andmen,with a
small, but significant higher risk formen. Because of the limited number of studies on other psychological factors
than depression and anxiety and the currentmajor focus onMACE reflecting lesions in themajor coronary arter-
ies which is more typical in men than women, more research is needed to better identify sex and gender differ-
ences in IHD.

© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Cardiovascular disease (CVD) is the most important cause of death
globally [1]. Ischemic heart disease (IHD) is the most common clinical
presentation of CVD. Patients diagnosed with IHD are at increased risk
of experiencing a recurrent acute coronary syndrome (ACS) and have
a six times higher annual death rate compared with people without
IHD [2]. In the United States, an estimated annual incidence of 580,000
new ACS has been reported in 2017 and 210,000 patients experienced
a recurrence [3].
Dutch Heart Foundation (De
ommersteeg [Grant number

nd Clinical Psychology, Tilburg
g, the Netherlands.
ommersteeg).
eliability and freedom from bias

. This is an open access article under
Several psychological factors are common among patients with IHD
and are associated with recurrent cardiac events and mortality, includ-
ing anger/hostility, depression, anxiety, general psychological distress,
low social support, Type A behavior, Type D personality, and posttrau-
matic stress disorder (PTSD) [4,5]. However, little is known about
their relative contribution to increased recurrent event risks and
whether these risks are equally elevated among men and women.

Psychological factors may affect the prognosis after IHD in women
differently than in men, and evidence has suggested potential sex and
gender (S&G) differences in these IHD risk factors [5–7]. Vaccarino
et al. (2019) mentioned that depression is more severe in women,
starting at earlier age compared to men, and is more common in
women with IHD than in men with IHD [7]. Several systematic reviews
and meta-analyses have investigated the relationship between psycho-
logical factors and adverse outcomes in cardiac populations [4,8,9].
Celano et al. (2015) confirmed that anxiety is associated with an in-
creased risk of mortality in both female and male patients with IHD
[8]. However, they focused on mortality as outcomes and did not
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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include recurrent cardiac events. In addition, no S&G-stratified data
were reported. The narrative review of Low et al. (2010) provides a
S&G-stratified overview of psychological factors and incident and recur-
rent IHD [9]. They concluded that both depression and hostility are pre-
dictors of recurrent ACS in both women and men, and that general
anxiety is a more consistent coronary risk factor for men than for
women. Themeta-analysis of Doyle et al. (2015) used individual patient
data and showed that high levels of depressive symptoms were more
common in female post-ACS (36%) than male ACS-patients (29%), but
the association between depression and cardiac prognosis was worse
for men than women [4]. However, they only investigated depression
in post-ACS patients and did not include other common psychological
factors in their meta-analysis.

In our current systematic review andmeta-analysis, we assess S&G-
stratified risks of a broad range of psychological factors for major ad-
verse cardiovascular events (MACE) in patients with established IHD.
As a secondary aim,we investigate diversity and confounding factors re-
lated to the S&G-stratified risk of psychological factors for adverse
outcomes.
2. Methods

The protocol for thismeta-analysis has been registered in PROSPERO
(#CRD42017067087). The American Heart Association (AHA) standard
was used to develop this meta-analysis [10]. The present analyses focus
on MACE in patients with IHD; we previously conducted a systematic
review and meta-analysis regarding incidence of IHD in S&G-stratified
samples [11]. The data, analytic methods, and study materials of the
present meta-analysis have been made available [12].
2.1. Search strategy

Four authors (V.S.,W.K., A.M., and P.M.) and amedical librarianwere
involved in the composition of the search terms. Search terms were de-
veloped for anger/hostility, anxiety, depression, psychological distress,
social isolation/social support/loneliness, Type A behavior pattern,
(Type D) personality, and PTSD [5]. Psychological distress was defined
as general distress, psychosocial stress, psychological stress, or a combi-
nation of similar psychological factors. The literature search was con-
ducted by two authors (V.S. and P.M.) using PubMed, EMBASE, and
PsycINFO (Supplemental Table S1). To keep the number of potential ar-
ticles manageable, (only English) articles published between January
1st 2000 and April 17th 2017 were included. To ensure that all relevant
articles would be included in our analyses, a second search was per-
formed on January 17th 2018, updating the previous search. In addition
to the electronic search, amanual search in reference lists of relevant re-
views was performed by two reviewers (V.S. and P.M.).
2.2. Eligibility criteria

Prospective cohort studies investigating the targeted psychologi-
cal factors as predictors and MACE as outcome in IHD patients were
included in this meta-analysis. MACE included fatal and non-fatal
cardiovascular events, and all-cause mortality. Reports regarding in-
cident IHD were excluded (n= 128). Psychological factors had to be
measured with a self-reported instrument or a clinical interview. For
feasibility reasons, we excluded negative psychological constructs
such as early life events, and work-related psychological factors.
We also excluded other mental disorders, such as schizophrenia, as
well as articles with study designs other than prospective cohort
studies (e.g. case-control studies, cross-sectional studies, retrospec-
tive studies), reviews and meta-analyses, letters to the editors, and
dissertation findings.
2.3. Study selection process

The screening process was independently performed by two re-
viewers (V.S. and P.M.), using Covidence software (covidence.org)
based on title/abstract. Eligible articles were screened based on full-
text. Risks scores for continuous psychological factors were included
when dichotomous factors were not reported. The largest sample size
and/or longest follow-up timewas chosen in casemultiple publications
or findings were reported based on the same sample. A third reviewer
(A.M. or W.K.) was consulted in case of disagreement.

2.4. Data extraction

Data-extractionwas performed by one reviewer (V.S., P.M. or B.v.G.)
and verified by a second reviewer (V.S., P.M., or B.v.G.). Data concerning
the following categories were extracted [12]: study characteristics, par-
ticipants,methods, psychological factors, outcomes, and results. Supple-
mental Table S2 shows the covariates which were adjusted for in the
reports.

Both unadjusted and effect sizes adjusted for the most complete set
of confounders were extracted. If more than one measure of the same
psychological factor was included, we included the measurement
most often used in other articles. In case a psychological factor was di-
vided in more than two categories, the most detrimental, often highest
score of a factor was used. If more than one outcome was reported, the
outcome comprising themost frequent cardiac event was included. Au-
thors were contacted if articles did not report S&G-stratified results or
when no effect size estimate was reported and S&G-stratified RRs
could not be calculated.

2.5. Statistical analysis

Comprehensive Meta-Analysis version 2.0 was used to perform all
statistical analyses. Forest plots were created using MetaXL version 5.3
[13]. In our primary analyses HRs and RRs were pooled, and reported
as ‘HR’. In addition some studies reported OR's only. However, since
we do not want to assume that HR and RR are equivalent effect sizes,
we have additionally reported the results of HR, RR, and OR separately
as well. When S&G-stratified effect sizes were not reported, but S&G-
stratified two-by-two tables were available, RRs and 95% confidence in-
tervals (CIs) were calculated by the authors [14]. Adjusted effect sizes
were used in our primary analyses. When only adjusted and minimally
adjusted (e.g. for age only) models were reported, the latter were con-
sidered as unadjusted.

The following a priori planned subgroup analyses were performed
for follow-up duration (b5 years, ≥5 years), global continent of study
performance, number of analyzed patients (b1000 or ≥ 1000), percent-
age of European descent participants (0–50%, 51–75%, 76–100%), mean
age at baseline (b60 years, 60–65 years, N65 years), type of measure-
ment (clinical diagnosis, questionnaire), unadjusted raw score vs. min-
imally adjusted (e.g. age only), adjustment for lifestyle factors (yes vs.
no), publication year (2000–2009, 2010–2018), S&G-stratified results
reported in article vs. received from authors, and characteristics of IHD
samples (percutaneous coronary intervention (PCI), coronary artery by-
pass graft (CABG) surgery or ACS, non-obstructive IHD, and combined
obstructive and non-obstructive IHD). Additional subgroup analyses in-
cluded redundant (overlapping but fewer events) reports. When a
study included two different outcomes (e.g. a composite of recurrent
cardiac events including all-cause mortality, and all-cause mortality
only), the report with the composite outcome was included in our pri-
mary analyses, and the report on all-cause mortality was included in
the subgroup analyses. The cut-offs in the subgroups were calculated
by using the rounded median or tertiles of the included reports (e.g.
for no. of patients analyzed, and follow-up time). Group differences by
gender and within each subgroup (e.g. follow up duration b5 years vs.
≥5 years) were compared using Q-tests based on analysis of variance

http://covidence.org
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[15]. The Bonferroni-Holm procedure was used to correct for multiple
testing [16].

We used the CochranQ statistic [17] and the Higgins I2-index [17] to
assess heterogeneity. Random-effects models were used for the pooled
analyses, since we would expect significant heterogeneity among the
reports in terms of e.g. sample size, measurement of psychological fac-
tors, and follow-up time. Secondary meta-analyses were performed to
assess reports using unadjusted data, continuous data, and separately
for HRs, RRs, and ORs. Furthermore, psychological factors related to
MACE andmortality outcomeswere separately analyzed. It has been ar-
gued recently that the appropriateness of fixed effects models to esti-
mate overall effects in meta-analyses should not be determined by
measures of heterogeneity [18]. Consequently, we additionally fit
fixed-effects models to the primary data analyses. Publication bias was
investigated using funnel plots, Egger's tests [17], and the Duval and
Tweedie Trim and Fill method [17].

3. Results

3.1. Study selection

Title/abstract screening was performed on 12,330 articles of which
668 remained for full-text screening (Supplemental Fig. 1: Flowchart).
The most common reasons for exclusion during full-text screening
were: overlapwith other study (n=128), study design other than pro-
spective cohort study (n=94), and irrelevant outcome (n=72). After
full-text screening, 162 articles remained eligible.

In total, 12 (7%) studies reported S&G-stratified results, 8 (5%) re-
ported on women only, and 4 (2%) reported on men only. The remain-
ing 138 articles did not stratify and authors were asked to provide us
S&G-stratified results. We received the results of 48 (35%) non-
stratified articles, 45 (33%) were unable or unwilling to perform S&G-
stratified analyses, 44 (32%) did not respond, and one (1%) could not
be reached because of missing contact information. We excluded the
90 articleswithout S&G-stratified results. In total, 72 articles comprising
138 separate reports were included. For the primary analyses we addi-
tionally excluded 28 reports with unadjusted results, 30 reports with
overlapping MACE, 11 reports with continuous data, and/or 8 reports
reporting ORs only. One report was excluded because no confidence in-
terval could be determined [19]. Exclusion of these reports resulted in
44 articles comprising 64 confounder-adjusted reports. The 64 reports
included data from 227,647 women and 321,894 men, with at least
64,492 MACE during follow-up.

3.2. Study characteristics

Supplemental Table S3 shows the baseline characteristics of the 64
reports included in the primary analyses. Of these, 6 (9%) reported re-
sults forwomenonly, 3 (5%) formen only, and 55 (86%) reported results
stratified for women and men. On average 34% were women (median
28%, range 0–100%). The mean age was 61.6 years (median 62.0,
range 54.0–72.0 years).2 Participants were followed up for an average
of 5.5 years (median 4.8, range 1.0–12.1 years). Depression (50%) was
themost frequently examined psychological factor, followed by anxiety
(27%), and Type D personality (11%). In 83% of the reports, the psycho-
logical factor wasmeasured with a questionnaire. On average 23% (me-
dian 22%, range 1–62%) of the study participants scored high on a
psychological factor, using the questionnaire cutoff or a clinical diagno-
sis. On average 21% (median 16%, range 6–51%) of the participants scor-
ing high on a psychological factor developed MACE during follow-up,
compared to 17% (median 12%, range 4–46%) in the group with low
2 These statistics are calculated with individual study statistic as unit of analysis. Thus,
with respect to for instance age, the reported mean, median, and range are based on the
mean age for each study, not on the actual age of each patient. This also applies to the sta-
tistics reported on follow-up time.
levels. MACE was most commonly measured by (national) registries,
medical records, clinical diagnoses, and death certificates. Seventy-
three percent of the included reports adjusted for factors related to
lifestyle.

3.3. Psychological factors and MACE

Random-effects, adjusted models showed that psychological factors
were overall associated with an increased risk of MACE in both women
(HR = 1.21, 95%CI 1.12–1.30), and men (HR = 1.37, 95%CI 1.27–1.48)
(Figs. 1 and 2). The risk for adverse cardiac events associated with psy-
chological factors (all combined) was higher in men compared to
women (p = .017). Among women, significantly elevated risks for
MACE were found on anger/hostility (HR = 1.54, 95%CI 1.17–2.03), de-
pression (HR = 1.20, 95%CI 1.10–1.32), and distress (HR= 1.40, 95%CI
1.01–1.92). For men, significant results were found on anxiety (HR =
1.38, 95%CI 1.14–1.67), depression (HR = 1.48, 95%CI 1.32–1.65), and
distress (HR = 1.30, 95%CI 1.03–1.64). Significantly higher risks were
found for men vs. women for anxiety (p = .012), and depression (p =
.005) (Table 1). A moderate degree of heterogeneity was found (men;
Q=129.7, p b .001, I2=56.8%, women; Q=79.8, p= .016, I2=31.1%).

3.4. Subgroup analyses

After Bonferroni-Holm correction, no significant subgroup differ-
ences were found formen andwomen (Table 2).Moderate heterogene-
ities (range 0–73.8%) were observed in most subgroups.

3.5. Secondary analyses for separate psychological factors

The characteristics of included reports in the secondary analyses are
reported in Supplemental Table S4. Unadjusted analyses on psycholog-
ical factors andMACE including 70 separate reports focusing onwomen
(HR=1.34, 95%CI 1.24–1.46) and 74 reports onmen (HR=1.39, 95%CI
1.27–1.52), without significant S&G-differences (p = .573) (Supple-
mental Table S5).

In reports onwomen, significant effectswere found for anger/hostility
(HR= 1.31, 95%CI 1.02–1.68), depression (HR= 1.41, 95%CI 1.26–1.58),
and distress (HR = 1.55, 95%CI 1.18–2.04). With respect to men, signifi-
cant positive effects were found for each individual psychological factor
except Type D personality. The largest unadjusted association for
men was found between depression and MACE (HR = 1.63, 95%CI
1.45–1.84). No significant differences between women and men
were found on individual psychological factors for the unadjusted
analyses. After Bonferroni-Holm correction, no significant subgroup
differences on unadjusted analyses were found (Supplemental
Table S6).

In addition to the aforementioned random-effects models, we also
examined the data using fixed-effects models (Supplemental Table S7).
The risk for MACE associated with psychological factors (all combined)
was higher in men (HR = 1.20, 95%CI 1.16–1.24) compared to women
(HR = 1.10, 95%CI 1.07–1.14) (p b .001). Furthermore, significantly
higher risks were found for men vs. women for depression (p = .001).

Supplemental Table S8 shows both for adjusted and unadjusted ef-
fects, separate meta-analyses on studies reporting HR, RR, or OR effect
sizes, and separate analyses on studies using a continuous measure of
a psychological factor. Regarding adjusted and unadjusted analyses on
HR only, statistically significant effects were found on psychological fac-
tors and MACE, for both women and men. Analyses on continuous data
did not show significant results for women and men.

Supplemental Table S9 shows results of psychological factors and
MACE, further divided into recurrent cardiovascular events (MACE-2)
and all-cause mortality. Confounder-adjusted data showed significant
S&G-differences on anxiety and all-cause mortality (p = .042), depres-
sion and all-cause mortality (p b .001), and all psychological factors
combined and all-cause mortality (p b .001). These associations were



Fig. 1. Forest plot showing individual and overall estimates with 95% confidence intervals of psychological factors and MACE in women: adjusted findings.
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Fig. 2. Forest plot showing individual and overall estimates with 95% confidence intervals of psychological factors and MACE in men: adjusted findings.
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Table 1
Adjusted S&G-stratified analyses of HR/RR for MACE associated with psychological factors: adjusted findings using a random effects model.

Women Men

Variable N HR (95%CI) pHR Q phet I2, % N HR (95%CI) pHR Q phet I2, % pbetween

Anger/hostility 3 1.54 (1.17–2.03) 0.002 0.56 0.755 0 2 1.03 (0.68–1.57) 0.891 0 1 0 0.369
Anxiety 14 1.04 (0.95–1.15) 0.389 8.56 0.805 0 17 1.38 (1.14–1.67) 0.001 32.9 0.008 51.3 0.012
Depression 29 1.20 (1.10–1.32) b0.001 48.0 0.011 41.7 28 1.48 (1.32–1.65) b0.001 79.3 b0.001 65.9 0.005
Distress 2 1.40 (1.01–1.92) 0.042 0.03 0.861 0 2 1.30 (1.03–1.64) 0.029 0.70 0.404 0 0.725
PTSD 1 – – – – – 1 – – – – – –
Low social support 1 – – – – – 0 – – – – – –
Type A behavior 0 – – – – – 0 – – – – – –
Type D personality 6 1.26 (0.70–2.25) 0.440 8.37 0.137 40.2 7 1.24 (0.96–1.61) 0.102 14.9 0.021 59.6 0.971
Psychological combined 56 1.21 (1.12–1.30) b0.001 79.8 0.016 31.1 57 1.37 (1.27–1.48) b0.001 129.7 b0.001 56.8 0.017

N, Number of reports; pbetween, p-value between groups (women and men); phet, p-value for heterogeneity; pHR, p-value Hazard Ratio; Q, Cochran Q Statistic.
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stronger in men than in women. With respect to psychological factors
and recurrent cardiovascular events, no differences between genders
were observed.

3.6. Publication bias

Visual inspection of funnel plots of all included articles in our pri-
mary analyses reporting on women (Supplemental Fig. S2) and men
Table 2
Adjusted subgroup analyses by S&G of HR/RR for MACE associated with psychological factor.

Variable Women

N HR (95% CI) Q phet I2, %

Follow up (years)
b5 29 1.21 (1.11-1.32) 53.3 0.003 47.4
≥5 27 1.27 (1.12-1.43) 21.1 0.737 0
Global continent
Asia 4 1.22 (0.97-1.53) 1.42 0.701 0
Europe 31 1.14 (1.05-1.24) 40.2 0.101 23.4
North America 20 1.37 (1.17-1.60) 35.0 0.014 45.7
Oceania 1 - - - -
South America 0 - - - -
Africa 0 - - - -
No. of patients analyzed
b1,000 33 1.51 (1.27-1.78) 37.1 0.246 13.7
≥1,000 23 1.10 (1.04-1.15) 25.4 0.277 13.5
European descent
0-50% - - - - -
51-75% 3 1.38 (1.13-1.69) 0.03 0.987 0
76-100% 29 1.26 (1.10-1.44) 40.4 0.002 55.5
Age (years)
b60 17 1.58 (1.33-1.88) 10.7 0.825 0
60-65 27 1.24 (1.10-1.40) 18.3 0.865 0
N65 9 1.10 (1.01-1.21) 16.8 0.032 52.5
Type of measurement
Diagnosis by clinical interview 10 1.08 (1.03-1.13) 9.95 0.354 9.56
Questionnaire 46 1.34 (1.20-1.49) 62.7 0.041 28.3
Adjusted for lifestyle
No 13 1.36 (1.11-1.66) 13.4 0.343 10.2
Yes 43 1.17 (1.09-1.26) 59.1 0.041 29.0
Publication year
2000-2009 11 1.47 (1.12-1.94) 27.1 0.003 63.1
2010-2018 45 1.16 (1.09-1.24) 52.7 0.174 16.5
S&G-stratified results in article
No 39 1.20 (1.09-1.32) 45.6 0.185 16.7
Yes 17 1.27 (1.12-1.45) 34.0 0.005 53.0
IHD sample
Non-obstructive⁎ 4 2.39 (1.21-4.73) 4.58 0.206 34.4
Combined 22 1.28 (1.12-1.47) 52.0 b0.001 59.6
Obstructive 31 1.11 (1.07-1.15) 22.7 0.248 28.3
Outcome stratified†
ACM 40 1.17 (1.11-1.24) 49.4 0.123 21.1
MACE 35 1.26 (1.13-1.42) 54.6 0.014 37.7

ACM, All-cause mortality; MACE, Major adverse cardiovascular event; N, Number of reports; pb
Sex and gender.
⁎ Includes an additional report from the following article: 29

† Includes additional reports from the following articles: 30-43
(Supplemental Fig. S3) suggests the presence of publication bias since
the included articles (white dots) are not distributed symmetrically.
Egger's tests suggest evidence of publication bias (women; p = .002,
men; p b .001). Duval and Tweedie's Trim and Fill method estimated
that 12 imputed reports for women and 8 for men would be needed
to make the funnel plots symmetric. After correcting the effect size
based on imputed reports, the effects decreased both for women
(HR = 1.15, 95%CI 1.06–1.24), and men (HR = 1.32, 95%CI 1.22–1.42)
Men

pbetween N HR (95% CI) Q phet I2, % pbetween

0.518 0.516
27 1.33 (1.19-1.47) 62.5 b0.001 58.4
30 1.39 (1.25-1.55) 48.1 0.014 39.7

0.219 0.422
4 1.25 (0.97-1.61) 6.80 0.078 55.9
38 1.18 (1.14-1.23) 106.6 b0.001 65.3
14 1.31 (1.17-1.41) 13.2 0.430 1.79
1 - - - - -
0 - - - - -

- 0 - - - - -
b0.001 0.493

34 1.43 (1.24-1.65) 52.2 0.018 36.8
23 1.35 (1.23-1.48) 74.4 b0.001 70.4

0.441 0.065
- - - - -
3 1.49 (1.07-2.07) 7.64 0.022 73.8
14 1.08 (1.02-1.15) 11.2 0.597 0

0.001 b0.001
18 1.53 (1.29-1.83) 21.7 0.198 21.5
29 1.43 (1.26-1.61) 56.6 0.001 50.5
8 1.11 (1.06-1.17) 8.30 0.307 15.7

0.001 0.041
11 1.22 (1.09-1.37) 29.6 0.001 66.2
46 1.43 (1.30-1.57) 79.8 0.001 42.9

0.170 0.046
16 1.64 (1.34-2.01) 19.7 0.184 23.9
41 1.32 (1.22-1.42) 88.5 b0.001 54.8

0.100 0.235
8 1.71 (1.17-2.49) 14.4 0.044 51.5
49 1.35 (1.25-1.46) 112.9 b0.001 57.5

0.467 0.160
44 1.42 (1.29-1.57) 107.3 b0.001 59.9
13 1.26 (1.11-1.44) 19.7 0.073 39.2

0.012 0.158
3 1.06 (0.45-2.47) 3.43 0.180 41.7
18 1.25 (1.10-1.42) 40.0 0.001 57.5
36 1.46 (1.32-1.62) 82.4 b0.001 57.5

0.239 0.380
40 1.39 (1.29-1.50) 104.9 b0.001 62.8
36 1.31 (1.17-1.46) 60.1 0.005 41.8

etween, between group p-value; phet, p-value for heterogeneity; Q, Cochran Q Statistic; S&G,
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yet remained statistically significant. Lastly, Rosenthal's Fail-safe N esti-
mated that 518 reports for women and 1779 reports for men would be
needed in order to bring the p-value of the overall effect size estimate in
this meta-analysis to p N .05 [20]. Although the Funnel plots and Egger's
test suggest the presence of publication bias, both the Trim and Fill and
Fail-safe N methods support the robustness of the overall effect size es-
timates in this meta-analysis.

4. Discussion

4.1. General findings

The results of this meta-analysis confirmed that psychological fac-
tors are associated with MACE in samples with IHD, in both women
and men. Novel findings are that for women, 56 confounder-adjusted
reports showed a 21% increase in risk of psychological factors for
MACE. For men, 57 adjusted reports pooled together showed a 37% in-
crease in risk. Results were statistically significantly different between
women and men, showing that men with psychological factors have a
small, but significantly higher risk of MACE than women.

Forwomen, anger/hostility, depression, and distresswere separately
associated with MACE. For men, a significant effect on MACEwas found
for anxiety, depression, and distress. Subgroup analyses did not reveal
statistically significant S&G-differences.

4.2. Differences between women and men

Inmen, significantly higher associationswere found betweendepres-
sion andMACE, and anxiety andMACE, in comparisonwithwomen. This
difference might be explained by the fact that our included reports
mostly focused on samples with obstructive IHD, which is a classic dis-
ease pattern dominated by male patients [21]. Female patients more
often have non-obstructive IHD [22] including spasm, Takotsubo cardio-
myopathy, and microvascular coronary dysfunction [23]. Although not
significant, results from our confounder-adjusted subgroup analyses
showed that the risk of MACE associated with psychological factors is
more pronounced in women with non-obstructive IHD than in women
with obstructive IHD. Including a broader range of IHD,more representa-
tive of the female pattern may change the effect between women and
men.

Our unadjusted results did not show significant S&G-differences,
rather differences were found after covariate adjustment. The differ-
ences in risks before and after adjustment may represent gender differ-
ences included in the adjustment for covariates. Gender is an important
factor related to sociodemographic factors, including education level,
employment status, andmarital status;women less often receive higher
education, having lower income and/or employment, and being di-
vorced or widowed [24]. Furthermore, gender influences lifestyle
habits, such as eating behavior, smoking, alcohol use, and physical exer-
cise [24,25]. Therefore, it may be possible that adjustment for these
gender-related factors has resulted in increased differences between
women andmen. However, our subgroup analyses did not reveal signif-
icant effects between reports that did and did not adjust for lifestyle
factors.

4.3. Comparison with other meta-analyses

Results of our primary analyses showed that the risk between de-
pression and MACE is higher in men than in women. This finding is
against our expectations, since previous research suggest that the
higher prevalence of depression in women with IHD might lead to a
poorer prognosis [26]. However, our results on depression and MACE
are similar to the results of the individual patient data meta-analysis
of Doyle et al. (2015), who also found a stronger association between
depression and a poor cardiac prognosis in men post-ACS [4].
Our results are also similar to the results of the narrative review by
Lowet al. (2010) [9]. In their review, it is stated that depression andhos-
tility are both associated with an increased risk for recurrent cardiac
events or death in women. Furthermore, they conclude that anxiety is
a more consistent coronary risk factor for men than women. These re-
sults are similar to our findings, which show that depression and
anger/hostility are significantly associated with MACE in women, and
that men with anxiety have a significantly higher risk of MACE.

Celano et al. (2015) found an anxiety confounder-adjusted OR of
1.20 (95%CI 0.91–1.58) which is higher than the HR we found for
women (HR = 1.04, 95%CI 0.95–1.15) and lower than our risk for
men (HR = 1.38, 95%CI 1.14–1.67) [8]. However, these differences
should be interpreted with care because of the uncertainty in the esti-
mated effects, as illustrated by the overlapping confidence intervals.

4.4. Strengths and limitations

Our search in several databases, additional reference-searches,
followed by a screening process and data-extraction performed by at
least two reviewers, resulted in a high number of eligible, multivariate-
adjusted studies comprising a total sample size of 227,647 women and
321,894 men, which is a strength of the present study. We received
S&G-stratified results from35% of all contacted authors,which increased
the number of included reports in our meta-analysis.

The most important limitation of this meta-analysis includes the
heterogeneity. Reports differed regarding patient samples, follow-up
duration, measurement of psychological factors, covariates in their ad-
justed analyses, and outcomes. Even when reports used the same
(mostly validated) questionnaires to measure a psychological factor,
questionnaires could differ in cut-off points, subscales, and versions.
We tried to overcome this problem by performing subgroup analyses.
However, we did not find significant differences between subgroups.

A second limitation is the possible influence of publication bias, sug-
gestive of smaller associations. However, after importing reports with
the Duval and Tweedie's trim-and-fill method, the pooled HR remained
significant.

Third, we only included reports with continuous data when no di-
chotomized data were reported or could not be calculated, lowering
the generalizability.

Fourth, a combination of HR and RR can lead to bias and interpreta-
tion should be careful [27]. Therefore, we additionally investigated if re-
sults based on HR only would differ from results based on HR and RR
combined. Results from both analyses did not differ, probably since
the major part (91%) used HR as effect size.

4.5. Implications for future research and clinical practice

Several recommendations can be made based on the findings of our
meta-analysis. First, since most included reports focused on obstructive
IHD samples, more cohort studies focusing on psychological factors in
non-obstructive IHD (female) samples should be developed. Moreover,
it has been recently shown that feminine gender-roles and personality
traits (anxiety) importantly affect outcomes after ACS [28]. In our
meta-analysis, we could not distinguish between sex (biological charac-
teristics) and gender (social norms for women and men) [28], since
studies did not define these terms as such. Since most studies probably
only focused on (biological) sex, (feminine) gender-roles should be
studied more often to provide tailored prevention advice to all patients
afterwards.

Second, S&G-stratified results should be more reported in IHD re-
search, since S&G-differences are nowadays more recognized by cardi-
ologists. In our meta-analysis, 90 articles (56%) were excluded because
no S&G-stratified results were reported or provided by authors.

Third, research should include different types of ethnicity. None of
our included studies were conducted in Africa and only a few in South
America, Asia, and Oceania, which means Non-western countries and
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cultures are underrepresented and our results cannot be generalized to
non-Western countries. Only 22 out of 64 reports (34%) reported the
number of European descendants ranging from 67% to 99%, which
means an underrepresentation of non-European descendants.

Fourth, most of our included studies investigated the association be-
tweendepressionor anxiety andMACE. Since only a few studies focused
on anger/hostility, distress, PTSD, low social support, Type A behavior,
and Type D personality, these results should be interpreted with cau-
tion. More research into these psychological factors is needed to esti-
mate the association between these factors and MACE in women and
men.

At last, healthcare professionals should recognize and acknowledge
the importance of psychological risk factors in patients with IHD [5,7].
Depressive symptoms in IHD patients are often unrecognized and un-
treated, although these symptoms are highly prevalent in IHD patients
and can affect patient's quality of life and may influence recovery [7].
Psychological interventions including stress management or counseling
should be offered to these patients [7].

5. Conclusion

In conclusion, this large meta-analysis of prospective cohort studies
confirms that psychological factors are associated with MACE in both
women and men. The novelty is that the association between depres-
sion, anxiety, and all psychological factors combined with MACE was
slightly stronger in men compared to women. However, most articles
did not report S&G-stratified findings, studies comprised more male
than female participants, and mainly focused on the clinical conse-
quences of obstructive IHD, which is more common in men than
women. More data are needed, especially on psychological predictors
of IHD patterns that are more prevalent among women, such as non-
obstructive IHD and microvascular disease.
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