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a b s t r a c t 

Cardiovascular disease (CVD) constitutes a leading worldwide health problem, with increasing evidence 

of differences between women and men both in epidemiology, pathophysiology, clinical management, 

and outcomes. Data from the literature suggest that women experience a doubled incidence of CVD re- 

lated deaths, while angina, heart failure and stroke are increasingly prevalent in females. About 20–25% 

of women go through depression during their life, and depressive symptoms have been considered a 

relevant emergent, non-traditional risk factor for CVD in this part of the general population. Underly- 

ing mechanisms explaining the link between depression and CVD may range from behavioral to biolog- 

ical risk factors, including sympathetic nervous system hyperactivity and impairment in hypothalamic- 

pituitary-adrenal function. However, the neuroendocrine-driven background could only partially explain 

the differences mentioned above for chronic systemic inflammation, altered hemostasis and modulation 

of cardiac autonomic control. In addition, some evidence also suggests the existence of gender-specific 

differences in biological responses to mental stress. Given these premises, we here summarize the cur- 

rent knowledge about depression and CVD relationship in women, highlighting the sex differences in 

physiopathology, clinical presentation and treatments. 
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Introduction 

Depression is a psychiatric condition characterized by alter-

ations in regulators of mood, behavior and affection [1] . According

to the latest data from the World Health Organization, cardio-

vascular disease (CVD) and depressive disorders (DD) currently

represent the most common causes of disability in high-income

countries [2] . In addition, there is increasing evidence that patients

with CVD suffer from DD more than the general population and

people with DD are more prone to develop acute myocardial

infarction (AMI), heart failure (HF) or stroke [3,4] . 

Peculiar differences between women and men in CVD epidemi-

ology, pathophysiology, clinical features and prognosis have been

increasingly investigated and demonstrated. In this sense, coronary

artery disease (CAD) represents a unique example of how sex and

gender can affect every step of a disease, from pathophysiology

to outcome [5] . Conversely, the relationship between DD and CVD

has been for years a matter of debate [4] , assuming that DD may

be influenced both by sex and gender, and may act as an early

precipitating cardiovascular (CV) risk factor [3,6] . 

The American Heart Association (AHA) and the European Soci-

ety of Cardiology (ESC) recently adopted and considered depression

as a modifiable risk factor in CAD patients [4,7,8] . Unfortunately,

despite all the effort s to promote and support the mental health

among CVD patients, to date, DD are still under-recognized and

under-treated, particularly in women [9] . Therefore, we aimed at

pointing out the current evidence about gender differences in the

interplay between CVD and depression, principally focusing on

CAD. We also highlight the potential gender-related physiopathol-

ogy, and their clinical spectrum of presentation; finally, we discuss

the relevant evidence-based treatments and results from clinical

trials. 

Depression: clinical presentation and epidemiology 

DD are usually characterized by anhedonia, the inability to

experience pleasure, even in circumstances and usually enjoyable

activities such as sleeping, feeding, sexual experiences and social

contact [1] . DD may also be accompanied by somatic symptoms

(psychological disturbance, fatigue and weight fluctuations) and

cognitive symptoms (poor concentration and negative cognitions).

DD are sub-categorized into major depressive disorder (MDD) and

dysthymia, the latter with similar symptoms but longer duration

and less intensity than MDD [1,3] . 

Symptoms are unspecific and may overlap with individual

behavioral attitudes. Moreover, an emotional impairment during

hospitalization is ordinarily recognized as a normal reaction to or-

ganic illness or disease. Thus, DD in CAD patients, and CVD in gen-

eral, is somehow difficult to diagnose and study [8] . To avoid any

misdiagnosis, the current European Guidelines on CVD prevention

suggest two simple questions that assemble the principal criteria

for both MDD and DD diagnosis: “Do you feel down, depressed or

hopeless?” and “Have you lost interest and pleasure in life?”[8] . 

To date, 4% of the general United States adult population meets

the criteria for MDD [4] . The prevalence of CVD among adults
Please cite this article as: V. Bucciarelli, A.L. Caterino and F. Bianco et

women’s heart, Trends in Cardiovascular Medicine, https://doi.org/10.10
ith MDD is nearly 3-fold greater than among adults without

ood disorders, and adults with CVD and MDD currently are ≈ 7.5

ears younger than adults with CVD who did not have mood

isorders [3] . In addition, almost 2/3 of patients hospitalized for

MI develop mild forms of depression, while DD also seems to

e prevalent in heart failure (HF) and stroke, with 30% of patients

eveloping depression during the early stages, or later, of the

isease [1,2] ( Table 1 ). 

ex and gender differences 

Sex chromosomes are responsible for sex differences, as they

nfluence gene expression, leading to specific sexual hormones se-

retion, which in turn act explicitly on biological factors, including

eurotransmitter [5] . Also, specific environmental exposure and

ocial processes specifically affect gender differences, involving

veryday aspects of life as nutrition, cultural behaviors, stress

esponse and disease prevention [5,10] . 

DD are more prevalent in women than men, with a doubled

hance of suffering from depression across a variety of nations,

ultures and ethnicities [2] . While during childhood and early-

uberty there are no differences about DD epidemiology between

ale and female population, DD became more frequent in women

nly during the mid-puberty and later life [3,4] . Indeed, it seems

hat all the phases of women’s life, characterized by greatest

ormonal changes and inherent modulations of estrogen and

rogesterone levels, are affected and influenced by both biological

nd psychosocial factors [11] . 

ardiovascular diseases 

CAD has been considered for years a predominantly male

isease since recent epidemiological studies registered a trend-

eversal. In fact, 55% of women currently die in Europe due to

AD or stroke [10] . Despite women and men sharing similar

traditional” CV risk factors (i.e., arterial hypertension, diabetes

ellitus, smoking, dyslipidemia and obesity), their relative weight

nd impact on CVD seems to be modulated by gender, as shown

n the INTERHEART study, while traditional algorithms for CV risk

i.e., the Framingham risk score) underestimate the female risk of

AD [12] . 

oronary artery disease 

In the last few years, many studies, both prospective and epi-

emiological, tried to clarify the relationship existing between DD

nd CAD [13,14] . Compared to sporadically manifest depression,

D are associated with a higher incidence of myocardial infarction

MI), especially in long-lasting anxious-depressive syndromes.

 diagnosis of DD at any time after angiographically confirmed

iagnosis of CAD is associated with a two-fold risk of death [13] .

oreover, a high percentage of people with MI frequently develop

 DD during the first months after the acute event, while the most

ignificant rate is observed among younger women as compared

o men [14] . 
 al., Depression and cardiovascular disease: The deep blue sea of 
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Table 1 

Relevant clinical trials that explored the association between CVD and depression. 

References Total pts ( n ), % women ( n ) Population Aim Results 

Anand et al. [12] 27,098, 24% (3002 cases) Pts with AMI (cases) compared with pts 

without AMI (controls), 52 countries 

Gender differences in CV risk factors 

distribution 

All risk factors significantly associated with AMI in 

both sexes, with some variations in OR; stronger 

association between hypertension, DM, alcohol 

intake, PhA and MI in women compared to men; 

no gender differences in the association of 

current smoking, high-risk diet, obesity, and 

psychosocial factors with MI 

Shah et al. [11] 3237, 34% (129) Pts undergoing CABG, screened for DD with 

PHQ – 9 

Sex and age interactions in the association of 

DD with both CAD severity and AE 

DD predicted CAD presence and increased risk of 

death in women aged ≤55 years but not in 

women > 55 years and men 

Smolderen et al. [14] 3572, 67.1% (2397) Pts 18 to 55 years old with AMI recruited into 

the VIRGO study 

Prevalence, clinical profile and sex differences 

of DD in young pts with AMI 

Greater lifetime history of DD in women than men, 

with greater prevalence of PHQ-9 scores > 10 and 

greater need for ADT at discharge 

Wassertheil-Smoller et al. [16] 93,676, 100% (93,676) Multiethnic postmenopausal healthy women, 

aged 50–79 years, screened for DD and 

followed up for CVD events for 4 years 

Prevalence and relationship of DD with 

subsequent CV events among healthy 

postmenopausal women 

Increased risk for hypertension, DM, angina, AF, 

stroke, congestive HF, CVD death and all-cause 

mortality in depressed women; DD as an 

independent predictor of CVD and all-cause 

mortality in women without CVD history and as 

further odds for stroke in women with known 

CVD history 

Guimaraes et al. [17] 15,828, 19% (2967) Post hoc analysis of the STABILITY trial, pts 

with history of CAD on statin 

Gender differences in baseline characteristics, 

psychosocial factors and treatment for CAD 

Independent association between female sex and 

better long-term clinical outcomes, although 

these are modified by frequency of DD 

Meyer et al. [19] 2033, 33% (669) Pts hospitalized with acute decompensated HF, 

enrolled in the PROTECT trial 

Gender differences in clinical presentation and 

outcomes in AHF 

Women were slightly older, with more 

hypertension, DM and DD than men; no gender 

differences in terms of treatment success, 

hospitalization rates, multivariable risk-adjusted 

mortality 

Samad et al. [27] 310, 18% (56) Pts with stable CAD previously enrolled in 

REMIT study 

Gender differences in psychological and CV 

response to mental stress 

Higher levels of DD and anxiety, raised PLT 

reactivity to serotonin and epinephrine at 

baseline and heightened MSIMI, enhanced 

negative feelings and higher PLT aggregation 

after stressors in women 

List of abbreviations: CVD, cardiovascular disease; Pts, patients; OR, odds ratio; AE, adverse events; DM, diabetes mellitus; PhA, physical activity; AMI, acute myocardial infarction; PHQ-9, Patient Health Questionnaire-9; CAG, 

coronary angiography; AF, atrial fibrillation; MSIMI, mental stress-induced myocardial ischemia; PLT, platelet. 

P
le

a
se

 cite
 th

is
 a

rticle
 a

s:
 V

.
 B

u
ccia

re
lli,

 A
.L.

 C
a

te
rin

o
 a

n
d
 F.

 B
ia

n
co

 e
t
 a

l.,
 D

e
p

re
ssio

n
 a

n
d
 ca

rd
io

v
a

scu
la

r
 d

ise
a

se
:
 T

h
e
 d

e
e

p
 b

lu
e
 se

a
 o

f
 

w
o

m
e

n
’s
 h

e
a

rt,
 T

re
n

d
s
 in

 C
a

rd
io

v
a

scu
la

r
 M

e
d

icin
e

,
 h

ttp
s://d

o
i.o

rg
/1

0
.1

0
1

6
/j.tcm

.2
0

1
9

.0
5

.0
0

1
 

https://doi.org/10.1016/j.tcm.2019.05.001


4 V. Bucciarelli, A.L. Caterino and F. Bianco et al. / Trends in Cardiovascular Medicine xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: TCM [m5G; May 17, 2019;9:16 ] 

Fig. 1. Pathophysiological factors related to Depression and CVD onset. The Venn’s diagram shows the overlap between genetic, hormonal and physiological factors. 
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Looking at women-focused studies, a Russian observational

study including 560 women, 25–64 years old, showed that the

prevalence of DD was higher than 50%, strongly associated with

economic and political conditions. After 16 years of follow-up, de-

pressed women showed a superior risk to develop MI (HR = 2.53)

or stroke (HR = 4.63) [15] . The “Women’s Health Initiative”, an

observational study involving 93,676 post-menopausal women

during 4-years of follow-up, reported 15.8% of DD participants.

In addition, the onset of DD was more frequent among patients

with CVD (i.e., patients with a previous MI, OR = 1.45), being

significantly linked to an increased incidence of CVD, even after

correction for other traditional risk factors [16] . 

Finally, the STABILITY trial evaluated the role of the emotional

state in a population of 15,828 patients affected by stable CAD,

showing that female sex was independently associated with

better clinical outcomes at a 24 months follow-up; however, the

recurrence of depressive symptoms modified this relationship [17] .

Heart failure 

Among HF patients, there are significant differences in co-

morbidities and precipitating factors between male and female

populations [18] . In particular, data derived from the PROTECT

study showed that women with acute HF present a different clin-

ical profile as compared to men. Preserved left ventricle ejection

fraction, arterial hypertension, diabetes and depression are the

most frequent features [19] . In addition, it seems that women are

treated differently during hospitalization; in particular, they are

commonly less intensively diuresed than men [19] . Nevertheless,

both the ALARM-HF and the PROTECT showed that in-hospital

mortality due to HF was similar between men and women [18,19] .

Stroke 

Depression adversely affects the risk of stroke through a variety

of mechanisms and it is associated with higher mortality after an

acute event. In the INTERSTROKE study, self-reported depressive

symptoms were associated with 35% increased odds of stroke [20] .

Furthermore, late-life depression may be the first clinical

presentation of subclinical vascular disease and DD are common
Please cite this article as: V. Bucciarelli, A.L. Caterino and F. Bianco et

women’s heart, Trends in Cardiovascular Medicine, https://doi.org/10.10
europsychiatric sequelae of stroke. When compared with men,

omen also presented a doubled propensity to develop MDD after

troke, while the early administration of antidepressant therapy

ADT) seems to prevent the disease, and enhances both physical

nd cognitive recovery from stroke [21] . 

athophysiological mechanisms 

Depressed patients commonly adopt habits that overlap with

V risk factors, such as sleep deprivation, physical inactivity,

moking and alcohol abuse, little hygiene and poor adherence

o pharmacological treatments [3,4] . Nevertheless, many other

athophysiological factors must be taken into account ( Fig. 1 ).

sychosocial factors can affect all the biological steps leading to

therothrombosis, as shown by measuring circulating biomarkers

f endothelial dysfunction in patients with DD [22] . 

Endothelial dysfunction plays a paramount role in the phys-

opathology of CAD. Actually, nonobstructive coronary acute events

uch as MI with nonobstructive coronary arteries (MINOCA) and

akotsubo cardiomyopathy are more prevalent in women than

en, highlighting the importance of these processes [3,4] Further-

ore, both immune and hemostasis systems could be negatively

ffected by stress-related chronic adaptations in the hypothalamic-

ituitary-adrenal axis activity and autonomic nervous system,

eading to enhanced inflammation, coagulation and platelet

ctivation [23] . 

Circulating estrogens stimulate the T- and B-lymphocytes,

ith a greater immune and inflammatory response than men

3,4] . However, hormonal status alone is not sufficient to explain

he different prevalence of DD between women and men. The

igher frequency among families underlines the potential role, and

nteraction, between genetical predisposition and psychological

daptation, especially in daily activities, where women are more

ulnerable to depression ( Fig. 2 ) [24] . 

ehavioral mechanisms 

Behavioral mechanisms are also involved in the relationship

etween DD and CVD. Reduced adherence to medications and
 al., Depression and cardiovascular disease: The deep blue sea of 
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Fig. 2. The relationship between Depression and Cardiovascular diseases. The figure describes the complex mechanisms that link behavioral habits to DD and CVD. As shown, 

physiological mechanisms are tightly correlated with behavioral habits. 
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esertion of cardiac rehabilitation programs following MI, sleep

isorders and inability to modify lifestyle factors are all putative

actors [3,4] . In addition, inadequate care for personal hygiene,

esulting in periodontal pathologies, may also play a role [3,4] . A

trong association between psychobiological distress and the use

f tobacco has been recently demonstrated in women [25] . Given

 similar tobacco use, women suffer a 25% higher risk of CAD

han men. Thus, the reported sex imbalance for CAD in smokers

ould be a consequence of the higher prevalence of depression

onsistently noted in women [25] . 

utonomic nervous system 

It is demonstrated that men have a higher sympathetic cardiac

utonomic activity and women a higher parasympathetic one

26] . During an overnight, deep and restoring sleep, there is a

arasympathetic vagal activation and a sympathetic inhibition.

his modulation is responsible for a physiological tonic reduction

f blood pressure and heart rate. Short sleep and fragmented rest,

ften detected in depressed women, prevent the modulation of

he autonomic nervous system and is associated with cortisol

ypersecretion, thus increasing heart rate and blood pressure [26] . 

Other factors that potentially modulate autonomic cardiac

ctivity and influence gender differences com prise age, obesity,

nflammation, and psychological disorder. Some studies suggested

hat DD are associated with greater sympathetic nervous system

ctivation and reduced parasympathetic modulation of heart rate

nd blood pressure [3,4] . This phenomenon could be of greatest

elevance in women, where it is demonstrated a worse imbalance

n autonomic function than men [26] . 

latelet aggregation and endothelial dysfunction 

Elevated plasma levels of serotonin have been demonstrated

o predict CAD, and future cardiac events [3,4] . In fact, serotonin

as a specific binding receptor site on the surface of the platelets,
Please cite this article as: V. Bucciarelli, A.L. Caterino and F. Bianco et
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laying a pivotal role in platelet’s biology and aggregation [27] . In

he Responses of Myocardial Ischemia to Escitalopram Treatment

REMIT) trial, when compared with men, women had heightened

latelet aggregation responses to serotonin and epinephrine circu-

ating levels ( P = 0.007 and P = 0.004, respectively), at the baseline.

ollowing mental stress, women showed more mental stress-

nduced myocardial ischemia (57% vs. 41%, P < 0.04), expressed

ore negative ( P = 0.02) and less positive emotion ( P < 0.001),

nd demonstrated higher collagen-stimulated platelet aggregation

esponses ( P = 0.04) [27] . 

Along with platelet aggregation, the endothelial dysfunction,

s mentioned above, can also be related to DD, both in animal

odels and human studies [22] , even if subclinical, depression has

een reported to be associated with a higher impairment of the

ndothelium in adolescent women [28] . 

nflammatory conditions 

Inflammatory processes may influence the development of

AD in DD women. Accordingly, incremented levels of acute

hase proteins levels (i.e., CRP, α-1 acid glycoprotein, alfa-1

ntichymotrypsin and haptoglobin), cellular adhesion molecules 

nd circulating cytokines are commonly found in DD patients,

specially if women [29] . Regardless of the history of CVD, the

ediators of inflammation are predictive of CV mortality [30] ,

hile the pro-inflammatory metabolic status, if DD-associated, has

 different impact in women, in which highest cytokines levels

an be assayed [31] . 

euroendocrine alterations 

In DD patients, it is possible to observe hyperstimulation of

he sympathetic nervous system and reduction of parasympathetic

one. About 25% of women with hyperactivity of the hypothalamic-

ituitary-adrenocortical axis experience a significant release of

hyroid stimulating hormone (TSH) in response to hypothalamic
 al., Depression and cardiovascular disease: The deep blue sea of 

16/j.tcm.2019.05.001 

https://doi.org/10.1016/j.tcm.2019.05.001


6 V. Bucciarelli, A.L. Caterino and F. Bianco et al. / Trends in Cardiovascular Medicine xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: TCM [m5G; May 17, 2019;9:16 ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

o  

c  

D  

a  

(  

[

 

c  

m  

w  

b  

t  

f  

o

C

 

o  

i  

i  

t  

d  

a  

s  

m  

a  

n  

w  

t  

s  

g  

s  

a  

b  

e  

i

A

 

D

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

thyrotrophic releasing hormone (TRH) secretion, responsible for

self-immune thyroiditis and other thyroid pathologies, further

predisposing to DD [32] . 

Antidepressive treatment and cardiovascular diseases 

Despite the initial mistrust, the current European and American

Guidelines recommend and encourage the DD screening as part of

the routine practice [4,8] . After a DD diagnosis has been made, a

fully comprehensive management of CVD and depression, includ-

ing a pharmacological and non-pharmacological approach, is of

crucial importance. The non-pharmacological approach is divided

into cardiac rehabilitation programs, exercise activity, cognitive be-

havior therapy (CBT) and general support. The effectiveness of cog-

nitive behavioral therapy (CBT) on CVD prognosis is still a matter

of debate. A recent metanalysis showed that although CBT played

a relevant role decreasing depression and anxiety levels in patients

with CVD, it did not have any influence on long-term events [33] . 

On the other hand, antidepressive pharmacological treatment

(ADT) has been largely demonstrated as an effective tool from

both the psychological and CV points of view. 

In fact, relevant to greater depressive symptoms, lower depres-

sive symptoms, associated with high cardiorespiratory fitness, are

independently associated with a lower risk of all-cause mortality

in a long-term follow-up, as demonstrated in The Nord-Trondelag

Health Study [34] . In addition, Bangalore and colleagues demon-

strated that depression care inadequacy was associated with a sig-

nificantly higher risk of the composite CVD endpoint [hazard ratio

(HR) 1.20, 95% confidence interval (CI) 1.04–1.39], stroke (HR 1.20,

95% CI 1.02–1.42), and angina (HR 1.95, 95% CI 1.21–3.16); although,

no significant interaction was found between (MI vs. stroke) or the

definition of inadequate depression (dose vs. duration inadequacy)

( P -interaction > 0.05) [35] . Furthermore, two additional studies

confirmed these data, reporting that ADT can be effective on CV

outcomes both in chronic and acute patients [36,37] . 

The pharmacological approach includes several classes of drugs

that induce an increment of neurotransmitters synaptic levels:

serotonin, noradrenaline and dopamine. The first-generation

of antidepressants includes the inhibitors of monoamine ox-

idase (MAOIs) and tricyclic/tetracyclic antidepressants (TCAs);

the second-generation includes the selective serotonin reuptake

inhibitors (SSRIs), selective norepinephrine reuptake inhibitors

(SNRIs), and atypical antidepressants [3] . All of these drugs poten-

tially affect the CV system through hypotension and tachycardia,

especially in the elderly patient, QTc prolongation and potentially

life-threating arrhythmias, such as ventricular tachycardia and

torsade de points although, SSRIs presented the safest profile. CV

adverse effects rarely occur at therapeutic levels, even if minor

side effects have been described under their use [38] . 

The most relevant study about the effect of a combination of

CBT and ADT was the ENRICHD study. It analyzed patients suffer-

ing from DD and hospitalized for MI with a 29-months of follow-

up, treated with a combination of CBT and SSRIs. The most signif-

icant benefit was observed in patients with the previous diagnosis

of MDD, with no significant reduction of the overall CV events [39] .

Regarding sex differences on the ADT metabolism, female

hormones, particularly the estrogens, may enhance the effects of

these drugs, especially in the post-menopausal women cohort. Un-

fortunately, to date there are no studies available that specifically

assessed the gender differences in DD patients on CV outcomes

according to ADT [40] . 

Future prospective 

The impact of depression on healthcare and costs is crucial,

as depression acts as one of the primary determinants of quality
Please cite this article as: V. Bucciarelli, A.L. Caterino and F. Bianco et
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f life for cardiac patients. An emotional impairment can be

onsidered a normal reaction to organic illness; on the contrary,

D are a severe disease, with a relevant impact on hospitalizations

nd costs. In fact, DD and MDD are tightly correlated to disability

especially after stroke) and work productivity (reduced or lost)

3,4,8] . 

Cardiologists, physicians and healthcare providers are thus en-

ouraged to inquire for depression among CVD patients, avoiding

isdiagnosis, and considering all the DD aspects, especially in

omen. In this view, screening programs and specific tools should

e adopted and promoted. Also, it remains unknown whether rou-

ine screening for psychosocial risk factors contributes in reducing

uture cardiac events, while focused clinical trials could probably

vercome the current gap in evidence [8] . 

onclusions 

CVD and DD currently represent the most common causes

f disability in high-income countries. Although an emotional

mpairment may be considered usual as a reaction to organic

llness, cardiac patients develop DD with higher frequency than

he general population. Women seem to be more prone to DD

evelopment, with a doubled incidence than men. The reasons

re different and mainly linked to a peculiar neuroendocrine

etup. The occurrence of depression can worsen CV morbidity and

ortality, particularly in CAD, HF and stroke, while DD treatments

lso seem to be effective on CVD outcomes. Even though inter-

ational guidelines currently recommend the screening for DD,

hether routine screening for psychosocial risk factors contributes

oward reducing future cardiac events is still debated. Awareness

hould be promoted among practitioner and cardiologists, and

ender-specific issues must be taken into account to provide

pecific answers to male and female CVD patients. Further studies

re necessary to characterize the pathophysiological mechanisms

etter underlining gender differences in depression and CVD,

specially focusing on ADT metabolism in women and men and

ts specific interactions of CV outcomes. 
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