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Abstract

Purpose In the past few years more and more research

focused on psychosocial risk factors of cardiovascular

disease, including depression. This review focuses on

depression as a long-term risk factor for acute coronary

syndrome in initially heart disease-free people.

Methods The studies included (n = 15) comprised peo-

ple without heart disease who were exposed to depression.

The outcome was acute coronary syndrome (acute myo-

cardial infarction, instable angina pectoris, sudden cardiac

death). Only articles published in English between 2000

and 2013 were considered.

Results Most but not all studies found an association

between depression and cardiac outcome. Possible expla-

nations for the inconsistency of the findings are discussed.

Conclusions Most likely there is an association between

depression and acute coronary syndrome. However, it

remains unclear whether depression acts as an independent

risk factor for developing an acute coronary syndrome, or if

depression promotes the development of an acute coronary

syndrome by indirect means.

Keywords Acute coronary syndrome � Acute myocardial

infarction � Unstable angina pectoris � Sudden cardiac

death � Depression � Review

Introduction

Acute coronary syndrome (ACS) is one of the most prevalent

diseases [1, 2] and responsible for huge losses of life quality

and life years, respectively [1–4]. Cardiovascular diseases

(CVD) account for 30 % of deaths worldwide [1]. Tradi-

tional CVD risk factors include hypertension, diabetes, sed-

entary lifestyle, smoking, obesity and high blood cholesterol

[5, 6]. However, in the past few years attention was drawn to

psychosocial CVD risk factors such as depression [5, 7–9].

Lifetime prevalence for major depression is estimated to be

8–12 % [10] with women being more often affected than

men [10, 11]. However, depression is thought to be under-

diagnosed and thus, its prevalence may be much higher.

Depression often presents as a chronic disease [10], and with

each episode the risk of recurrence increases [12]. In car-

diovascular diseased people, 15–22 % suffers from depres-

sive disorders [13], with depression being associated with a

two- to fourfold increased mortality risk in survivors from

myocardial infarction (MI) [14]. However, much less is

known about the impact of depression on coronary health in

people without prevalent coronary heart disease (CHD). As

depression is a treatable condition any association with CHD

would have to prompt physicians to diagnose and treat

depression more rigidly to reduce CHD morbidity and

mortality, respectively. Here, we aim to review the current

scientific literature for identifying the role that depression

may play as a long-term ACS risk factor in people without

prevalent CHD. We will also focus on current models of

pathophysiology and possible gender differences.
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Materials and methods

Inclusion criteria

To be included, the study population had to be exposed to

depression but not to CHD. Depression had to be defined

either by validated questionnaires or structured interviews

according to ICD or DSM IV. The trials’ outcome had to be

ACS defined as MI, unstable angina pectoris or sudden

cardiac death. Studies focusing on the impact of depression

in people with prevalent CHD were excluded. To effi-

ciently reduce the number of hits, we applied the filter

‘‘clinical trial’’, and only included studies in English pub-

lished between 2000 and 2013.

Search strategy

In a first step, the term ‘‘myocardial ischemia’’ was com-

bined with ‘‘psychology’’ using the Mesh database. Addi-

tionally, the Medline database was searched by combining

‘‘psychosocial’’ and the Mesh term ‘‘myocardial ischemia’’.

The terms were always combined with the logical connective

‘‘AND’’. The Mesh term ‘‘myocardial ischemia’’ contains all

outcomes of interest and beyond (ACS, MI, unstable angina

pectoris, coronary disease, myocardial stunning and myo-

cardial reperfusion injury). In a next step the risk factors

(‘‘depressive disorder’’, ‘‘depression’’, ‘‘affective symptoms’’

and ‘‘mood disorder’’) were separately searched in Medline

in combination with ‘‘myocardial ischemia’’. To make sure

none of the relevant studies were left out, related citations

and important references to this subject were included if they

matched the inclusion criteria (Fig. 1).

Results

Of 586 hits, 15 studies met the inclusion criteria [5, 8, 13–

25] (Suppl. Table 1). Results were inconsistent. An associ-

ation between depression and cardiac outcome was con-

firmed by most [8, 13–20] but not all studies [5, 21–25].
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Fig. 1 Search strategy: flow chart of literature research
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However, the selected studies differed tremendously with

respect to sample size, study design, definition of depression

and cardiac outcome, respectively, as well as the number

and quality of factors adjusted for. The sample size ranged

from 915 [23] to 93,676 [17]. 13 studies were cohort studies

with mean follow-up time ranging from 3 [15] to 37 years

[21]. The remaining 2 were case–control studies [8, 20].

Cardiac outcome definitions varied. Outcomes were CHD

[15–17, 21]. Some investigators further differentiated

between fatal and non-fatal CHD [13, 18, 24], ischemic

heart disease mortality [5, 14, 19], cardiac mortality [14, 23]

sudden cardiac death [18, 23], cardiovascular death [17],

ACS [8], MI [18, 20, 21], non-fatal MI [23, 24], coronary

artery disease [17], CVD [25], and hard coronary disease

events (MI, coronary death) [22], respectively. Overall, in

depressed people the relative risk (RR) for developing an

ACS ranged from 0.64 [22] to 6.9 [14] with the RR being

approximately 1.5 in most studies. Risk of ischemic heart

disease mortality was not affected by the type of depressive

symptoms, e.g., somatic or cognitive symptoms [19].

Discussion

Although the majority of studies found a positive associ-

ation between depression and later ACS in initially car-

diovascular non-diseased people the magnitude of results

differed. Obviously, studies varied in many aspects making

it difficult to compare results and balance reasons for or

against an association. Those differences inbetween studies

and their impact on results will be discussed.

Outcome definition

The association between depression and CHD depended on

the exact outcome definition. For example, calculated RR

was different when comparing the association of depres-

sion with non-fatal or fatal CHD [13]. Accordingly,

depression was found to be an independent risk factor of

CVD death but not of CHD [17]. Similarly, there was a

positive association between depressive symptoms and

sudden cardiac death, but not with non-sudden cardiac

death or non-fatal MI [23]. In contrast, another study found

an association between depressive symptoms with CHD

but not with sudden cardiac death or non-fatal MI [18].

Depression assessment

Most investigators used the Center of Epidemiologic

Studies Depression (CES-D) Scale [8, 13–17, 22]. How-

ever, the questionnaire was often modified or combined

with other questionnaires [17] or structured interviews

[14]. All [8, 13–17] but one [22] studies using the CES-D

Scale found an association between depression and later

CHD onset. If structured interviews were conducted by

specialists to assess depression according to ICD or DSM

IV criteria no association with CHD development was

found [21, 25]. Furthermore, alternative scoring systems

were applied such as the modified Minnesota Multiphasic

Personality Inventory (MMPI-2) [24], General Well-Being

Schedule subscale [5], Short Zung Depression Rating Scale

(SZDRS) [23], Health and Life Experience questionnaire

[19] and Mental Health Inventory-5 (MHI-5) questionnaire

[18], respectively, that did [18, 19] or did [5, 23, 24] not

find an association. Importantly, some investigators used

absolute depression scores [5, 8, 13, 14, 16, 17, 19–21, 23–

25], while others used defined increases in depression

scores [15, 18, 22].

Specificity of depression assessment

It is questioned if the questionnaires applied specifically

screen for depressive symptoms or if other conditions with

negative emotional state (e.g., anxiety disorder, anger) also

lead to an elevated score [17, 21, 24, 25]. Possibly, the

questionnaires rather reflect general distress than depres-

sive symptoms [21]. Thus, a positive screening test should

be further evaluated by a psychiatric examination [17].

However, it is unknown if different emotional conditions

have an impact on coronary health by separate patterns or

rather have the same diathesis [24].

Recency, severity and chronicity of depression

Severity and chronicity of depression have been considered

by some studies [14, 15, 18–20, 22, 23]. However, the

questionnaires/structured interviews applied most likely do

not assess these characteristics in the same way. For

example, the prevalence of depression was lower when

assessed by a psychologist using a structured interview as

compared to studies using questionnaires to screen for

depressive symptoms [21]. There is an indication for a

‘‘dose–response’’ relationship between depression and ACS

in some [14, 15, 19] but not all [20] studies. CHD risk was

found to rise with increasing mean cumulative depression

scores that were even more predictive of ACS events than

baseline depression scores [15]. Similarly, the risk of car-

diac mortality was twice as high in major depression

compared to minor depression [14] and if several episodes

of depression occured [19]. When focusing on recency of

depressive episodes, the strongest association between

depression and ischemic heart disease mortality was found

for current depression at baseline assessment [19]. How-

ever, individuals may remember depressive episodes more

detailed while past episodes may be more susceptible to

recall errors. Repeated depression assessment to capture
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the effect of recurrent depressive episodes was found to

more reliably predict vascular events [15].

Comorbidity among affective disorders

Comorbidity among affective disorders is common [10, 21,

24, 25]. To analyze the effect of depression other affective

conditions were screened for by some investigators [21, 24,

25]. When assessing different mental disorders (e.g., gen-

eral anxiety disorder, panic disorder, major depression,

bipolar disease) and adjusting them for each other, both,

mood disorders and anxiety disorders were strongly asso-

ciated with CVD risk [25]. However, specific single mood

disorders were not significantly associated with CVD risk

after adjusting for other psychiatric conditions [24, 25]. If

psychiatric conditions cumulated, a 20 % increase in CVD

risk was found by each additional psychiatric disorder [25].

Due to the high comorbidity among mental disorders, these

findings underline the importance of assessing various

mental disorders preferably by a specialist to avoid mis-

classification and thus false-positive associations [21, 25].

Duration of follow-up

The study with the longest follow-up, 37 years, included

young people aged 18–20 years at baseline to assess the

impact of early-onset depression and anxiety on CHD risk

in later life [21]. The advantage of including young people

is that chances of an underlying undiagnosed progressive

atherosclerosis or subclinical CHD that could facilitate

depressive states are low, and the challenge of reverse

causation (see ‘‘Reverse causation’’) is eliminated. How-

ever, long-term follow-up may also dilute the impact of

depression, and even long-term follow-up starting at young

ages may not be long enough since depression-related

cardiovascular events may occur still later in life [21].

Depression has been found to be a time-dependent CHD

risk factor by some [16] but not all [19]. While CHD risk

was significantly increased within up to 5 years after

depression diagnosis, risk was comparable to non-depres-

sed participants during years 5–10 [16]. However, others

found no attenuation of risk of ischemic heart disease

mortality when stratifying for length of follow-up [19].

Depression as independent or covariate risk factor

Depression is associated with adverse health behavior.

Depressed people are more often smokers [13, 15–19, 21,

22, 24–28], overweight [17–19], unemployed [16, 26], less

educated [15–17, 24], less physically active [13, 15–19, 21,

26, 27], and less compliant with treatment recommendations

[15, 28]. Furthermore, an association with alcohol con-

sumption [13, 16, 21, 25, 27] and illicit drug abuse [25] has

been reported. Single living people [13, 16] are more vul-

nerable to depression and higher perceived general stress

[20]. When adjusting for smoking status, there was an

increased cumulative risk of the independent risk factors

smoking and depression on non-fatal CHD events [13].

Unfortunately most people present with multiple ACS risk

factors. The combination of multiple risk factors is thought

to be responsible for most ischemic heart disease events in

the United States, while only little population attributable

risk is due to single acting risk factors [5]. Importantly,

depression qualified as predictor for sudden cardiac death in

a similar extent as established CHD risk factors [23]. Cer-

tainly, several psychosocial risk factors are linked to each

other and can be seen as covariate risk factors. Controlling

for interactions of covariate risk factors is important.

Otherwise, inconsistent findings may occur [19, 21]. When

carefully controlling for well-established CHD risk factors

as well as for other possible confounding and covariate risk

factors, the risk of ischemic heart disease mortality due to

depression was not attenuated indicating that depression acts

as an independent risk factor [19, 21] (Fig. 2).

Gender differences

Depressive symptoms are more frequently observed in

women than men [5, 10, 11, 13, 15, 19, 22, 29, 30]. In

contrast, men suffer up to 4 times more often from MI than

women [2, 8] and are usually younger when the first MI

occurs [1, 8, 31]. The impact of gender on the association

of depression with ACS was considered in 8 studies [5, 8,

13–15, 19, 20, 22]. The results are mixed, ranging from a

higher ACS risk in depressed women [8, 13, 15], similar

CHD risk in depressed men and women [5, 14, 20, 22] to a

higher risk for ischemic heart disease mortality in depres-

sed men [19].

Reverse causation

One of the biggest challenges is the so-called ‘‘reverse

causation’’ addressing the question what comes first:

depression or atherosclerosis [21, 26, 32]. On one hand,

subclinical CVD may manifest as depression before pre-

senting as clinical CHD and thus might lead to the wrong

assumption, that depression causes clinical CHD. On the

other hand depression might cause de novo atherosclerosis.

In 6 studies the possibility of reverse causation was taken

into account [13, 16–19, 21]. The investigators chose dif-

ferent methods to overcome this issue like excluding the first

2 [13] or 6 [19] years of follow-up, or censoring all car-

diovascular death events occurring during the first 6 months

of follow-up [17], respectively. However, results did not

change with any procedures. Still, the possibility of unrec-

ognized underlying CVD causing depressive symptoms has
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not been ruled out [17]. To do so, young and healthy people

at study entry would need to be included [21].

The stronger association between recent episodes of

depression and ischemic heart disease mortality may be

due to recall bias (see ‘‘Recency, severity and chronicity of

depression’’). However, depression may also act as a trig-

ger in the cascade finally leading to a cardiovascular event,

or may ‘‘just’’ be another symptom of underlying sub-

clinical CHD [19].

Possible pathophysiological mechanisms

In general, there are two possible mechanisms by which

depression might influence the heart (Fig. 3). First,

depression may act as a long-term risk factor by promoting

atherosclerosis and thus CHD [7]. Second, depression may

act as an acute trigger of ACS in people with advanced

CHD by promoting cardiovascular activation, coronary

constriction and alteration in the homeostasis of blood

clotting mechanisms. To display long-term risk factor

qualities for developing ACS one might expect one strong

or several cumulating pathophysiological pathways.

Indeed, several pathophysiological pathways have emerged

during recent years like alteration of autonomic tone [13,

14, 16, 23, 26–28] with increased sympathetic activity [13,

15, 17, 18, 23, 27], decreased parasympathetic activity [23,

27, 29], lower heart rate variability [13, 14, 18, 19, 23, 26,

29], higher resting heart rate [18], and higher blood pres-

sure variability [29]. In such states atherogenesis is

promoted, and the individual’s susceptibility to CHD

increases [13] further contributing to ventricular fibrillation

[13, 17] and arrhythmias [17, 18, 23, 28]. Depression is

also associated with catecholamine release [13, 26] pro-

moting platelet activation [13, 15, 26, 27], increasing

platelet reactivity [13, 29], aggregation [13, 15, 17],

numbers of circulating platelets [15] and facilitating

impaired platelet function [14, 19]. Furthermore, blood

clotting mechanisms are disturbed [16], and tachycardia as

well as vasoconstriction [27] may occur. Vascular damage

can result from increased activation of thrombocytes,

which promotes the genesis of atherosclerosis [26, 27].

Hypercortisolemia as a stress response also increases blood

pressure and may promote endothelial injury [27]. Addi-

tionally, depression may be linked to CHD by a hyperac-

tive 5-HT2A-transporter enhancing the impact of serotonin

on platelets’ function [9, 27], by increasing circulating

inflammatory markers, activating immune and inflamma-

tory systems [14, 16, 19, 27, 28], and altering lipid

metabolism [15]. Depression has also been thought to share

some genetic similarity with CHD [33]. Finally, as men-

tioned before, behavioral risk factors associated with

depression may play an important role [28].

Arguments for and against a direct correlation

of depression and ACS

Obviously, it is almost impossible to compare such heter-

ogenous studies and come to a strong conclusion. However,
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Acute Coronary Syndrome

Depression Acute Coronary Syndrome

Depression Acute Coronary Syndrome
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Health Behavior

Acute Coronary Syndrome
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Comorbid psychiatric 
disorder

Fig. 2 Pathways of interaction:

possible explanations for the

association between depression

and acute coronary syndrome
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if so many different study settings repeatedly point to a

positive association between depression and ACS one

might suggest a direct correlation to some extent. Indeed,

there are several arguments to believe in a direct correla-

tion [9]. First, most studies found a 1.5–2-fold increased

risk for depressed people to suffer from an ACS [9, 26, 34].

Second, the increased risk was still present after controlling

for conventional and non-conventional ACS risk factors

[13–17, 19, 20, 22–24] making depression comparable to

other established CHD risk factors [9]. Third, plausible

pathophysiological mechanisms have been suggested to

link depression to ACS [7, 9, 13–19, 23, 27, 28, 34].

Furthermore, depression has not only been associated with

the pathogenesis of primary ACS but also presents as

adverse factor in patients with established CHD [14].

Similarly, CHD seems to have unfavorable effects on

depression [9]. The main reasons against a true relationship

between depression and ACS are the risk of reverse cau-

sation and incomplete adjustment for conventional and

confounding CHD risk factors.

Use of antidepressant medication

The possible influence of antidepressants on ACS in

depressed individuals has been taken into account by some

investigators [13–18, 23]. At least in one study adjustment

for antidepressants did not change the results [14]. How-

ever, depressed individuals may be less compliant in taking

their medication [17]. Importantly, the impact of antide-

pressants on the heart may depend on their type of action

as, e.g., tricyclic antidepressants may have cardiotoxic [14]

and proarrhythmic [18] effects whereas selective serotonin

reuptake inhibitors have been shown to positively influence

heart rate variability and, therefore, reduce morbidity and

mortality from heart diseases [9].

Strength and limitations

The strength of this review is the extensive discussion of

the challenges which emerge when investigating the cor-

relation between depression and ACS. Being aware of

these issues may help future studies to choose a design that

considers those entanglements. Certainly this review also

has its limitations. Although we performed a literature

research we might have missed relevant studies that have

been neither published in English nor in Medline, respec-

tively. In addition, the review does not consider the impact

of antidepressants on the relationship of depression and

ACS. It is also important to keep in mind that comparing

populations from different cultural backgrounds is only

possible at limits as different lifestyles and distinct values

will alter the prevalence of depression. Finally, there

always is the possibility of publication bias [22, 26, 32, 34].

However, to negate all evidence in favor of an association

between depression and ACS it would take 572 unpub-

lished studies indicating the contrary [34].

Conclusion

This review compares a heterogeneous series of studies and

explains various reasons for the inconsistency among their

results. Most likely, there is an association between

depression and ACS. However, it remains unclear whether
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Acute coronary syndrome

altered autonomic tone
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altered lipid mechanism behavioral risk factors

sympathetic activation

parasympathic activity 
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lower heart rate 
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impairment of platelet 
function

vascular damage

promotion of atherosclerosis

Fig. 3 Pathophysiology: possible pathophysiological mechanisms linking depression and acute coronary syndrome

1218 Arch Gynecol Obstet (2015) 291:1213–1220

123



depression—via distinct pathophysiological pathways—

acts as an independent risk factor or if depression promotes

ACS by adverse health behavior, comorbidities or con-

founding factors. Future studies should control for estab-

lished ACS risk factors as well as for comorbidities. To

avoid reverse causation, ideally, the study population

should be young and cardiovascular healthy at baseline,

and the follow-up should be reasonably long enough.

Furthermore, repetitive assessment of depression should be

performed by specialists using structured interviews, to

assess severity, chronicity and characteristics of depres-

sion. However, regardless of the exact pathomechanism, in

clinical practice the possibility of a—direct or indirect—

association between depression and ACS emphasizes the

need for consequent diagnostics and treatment of depres-

sion to improve mental well-being as well as cardiovas-

cular and general health.
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