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Summary

  Selective serotonin reuptake inhibitors (SSRIs) are a class of drug widely used for treatment of 
mood disorders, including depression and cardiovascular disease. A search for related articles in 
the PubMed database was attempted. It covered studies, reports, reviews and editorials of the last 
5 years.

  Pro-inflammatory cytokines, such as TNF-a, IL-1 and IL-6, stimulate central serotonin (5-HT) neu-
rotransmission and are over-expressed in depression, which has been linked with hypothalamic-pi-
tuitary-adrenal axis (HPA) hyperactivity. They have also been implicated in the pathogenesis and 
progression of other stress-induced disorders, like myocardial infarction (MI) and coronary heart 
disease (CHD), as they seem to modulate cardiovascular function by a variety of mechanisms. 
Biological mechanisms like these may explain the link between depression and CHD. There are 
a variety of environmental factors as well as genetic factors that might influence the pharmacoge-
netics of antidepressant drugs. New generation selective serotonin reuptake inhibitor antidepres-
sants (SSRIs) causing a reduced cardiovascular morbidity and mortality may be related to sero-
tonin platelet abnormalities in depressed patients that are effectively treated by SSRIs. SSRIs such 
as fluoxetine, paroxetine, sertraline and citalopram are not only considered to be free from the 
cardiotoxicity of their predecessors but also to function as safe and efficacious agents against de-
pression, platelet activation, atherosclerosis and development and prognosis of coronary heart dis-
ease. However, there is a need for more studies in order to establish the exact biochemical mech-
anisms that are responsible for these diseases and the immunoregulatory effects of chronic use of 
SSRI medications.
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Background

Depression and cardiovascular disease (CDV) are 2 of the 
world’s leading health problems [1,2]. Depression has been 
linked with alterations in the immune system, the hypotha-
lamic-pituitary-adrenal axis (HPA) in particular, which aug-
ments sympathetic activity via central regulatory pathways 
[3], as well as the elevated risk of developing coronary ar-
tery disease (CAD) [4]. Central and peripheral serotogenic 
transmission may be a common link between the 2 diseas-
es [5]. SSRIs are widely used agents for treatment of mood 
disorders including depression [6], and they appear to be 
effective for treatment of depression in patients with isch-
emic heart disease (IHD) [7]. Moreover, they are thought 
to be much less cardiotoxic than other antidepressants and 
thus safer for patients with coronary heart disease (CHD) 
[8] than are tricyclics (TCAs). Although SSRI antidepres-
sants reduce depression effectively, their use in cardiovas-
cular disease remains controversial.

The purpose of this review was to gather information as to 
whether chronic use of SSRI antidepressants is protective 
against the atheromatic procedure by demonstrating bio-
chemical mechanisms that may affect the function of the 
immune system and its response to inflammatory markers.

A search for recent articles related to depression, cardiovas-
cular disease, the link between these 2 pathologic expres-
sions and alterations in the immune system, such as expres-
sion of pro-inflammatory cytokines like TNF-alpha, IL-1 and 
IL-6 that occur in either of the two conditions, was attempt-
ed. The related articles were searched for in the PubMed 
database and covered studies, reports, reviews and editori-
als of the last 5 years. Older references served as auxiliary 
sources for comparison purposes.

depression and alterations in the immune system

Various psychiatric disorders such as major depression [9], 
bipolar disorder [10], dysthymia [11] and schizophrenia [12] 
have been linked with alterations in the immune system [1].

In contrast to innate immunity, the adaptive immune sys-
tem is antigen-specific and operates through T and B cells 
[13,14]. In innate immunity cytokines are produced by mac-
rophages and natural killer cells, while in adaptive immu-
nity they are produced by the T-lymphocytes [15,16]. More 
specifically, IL-1, IL-6 and TNF act as pro-inflammatory cy-
tokines stimulating immune cells’ anti-inflammatory cyto-
kines IL-4 IL-10 and IL-13, which hinder the production of 
other cytokines. Cytokines produced by the innate response 
the type of adaptive response. These are large polypeptide 
mediators (8–60 kDa) that regulate growth, differentiation 
and function of many cell types. Most commonly cytokines 
have been classified into families of interleukins, TNFs, in-
terferons (INFs), chemokines, haematopoietins and colony-
stimulating factors (CSFs). As many cytokines exert a num-
ber of different actions, they may in fact belong to more 
than one cytokine family [14].

Moreover, pro-inflammatory cytokines stimulate central se-
rotonin (5-HT) neurotransmission. IFN-ã stimulates the en-
zyme indoleamine 2, 3-dioxygenase (IDO) that reduces the 
production of 5-HT in the brain [17]. A polymorphism of 

the IL-6 gene is associated with reduced risk of depression 
with interferon therapy [14], although Hong et al suggest-
ed that the investigated IL-6 polymorphism does not af-
fect major depressive disorder (MDD) susceptibility [18]. 
However, it has not been clearly stated whether or not pro-
inflammatory cytokines interact with IDO, resulting in func-
tional mood disorder [19].

Pro-inflammatory cytokines are endogenously over-ex-
pressed in depression and other stress-induced disorders 
[20]. Depression has been linked with hypothalamic-pitu-
itary-adrenal axis (HPA) hyperactivity [17]. Depressed pa-
tients show elevated corticotrophin releasing factor (CRF) 
in cerebrospinal fluid (CSF), blunting of ACTH response 
to CRF, hypercortisolemia, and pituitary and adrenal gland 
enlargement [5,14]. Furthermore, major depression is asso-
ciated with a pro-inflammatory response, as there is an el-
evation in C-reactive protein and in cytokines such as IL-6 
and TNF-a [14].

Torpey et al came to the conclusion that although antide-
pressant medications and some forms of psychotherapy are 
efficacious in treating chronic depression, their combination 
appears to be superior to either monotherapy alone, and 
that chronic depression is often inadequately treated [21].

inflammatory markers and atherosclerosis 
progression – link Between depression and 
coronary heart disease

Atherosclerosis is a long-term process. Cholesterol and oth-
er substances are accumulated in the form of deposits that 
at some point clog blood vessels, thus causing myocardial 
infarction (MI), commonly known as “heart attack”. Both 
heart attacks and angina are expressions of what is known as 
coronary heart disease (CHD), the etiology and prognosis 
of which have been much studied recent years. Psychosocial 
factors such as depressive and anxiety disorders, tempera-
ment factors and chronic life stressors have been thought to 
have a direct relationship with the development and prog-
nosis of CHD [22].

Whooley et al. studied a sample of outpatients with coro-
nary heart disease and came to the conclusion that the as-
sociation between depression and adverse cardiovascular 
events was explained by behavioural factors, particularly 
physical inactivity [23].

Pro-inflammatory cytokines such as TNF, IL-1 and IL-6 have 
been implicated in the pathogenesis and progression of 
heart failure (HF) as they seem to increase in such patients 
[3]. The pro-inflammatory cytokine TNF-a seems to mod-
ulate cardiovascular function by a variety of mechanisms. 
Berthonneche et al. showed that it is expressed in the heart 
and contributes to myocardial dysfunction and ventricu-
lar dilation 7 days after MI in rats, thus leading to the de-
velopment of chronic heart failure (CHF) [24]. Moreover, 
Toufekistan et al. tried to determine whether anti-TNF-a 
treatments could be used as therapeutic interventions for 
improvement of MI outcome. Thus, they used a single in-
travenous injection of soluble TNF-a receptor at the time of 
reperfusion and they tried to find whether it could reduce 
the infract size and improve post-ischemic cardiac function 
in vivo in rats. They concluded that inhibition of increased 
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TNF-a production by a single IV injection of sTNFR-Fc im-
proved post-infract outcome in rats [25].

The literature is unclear as to whether inflammation ob-
served in depressed patients is a trait-marker of depression 
or whether inflammation contributes to the pathogene-
sis of depression [3]. Activation of pro-inflammatory cyto-
kines allows the myocardium to respond to tissue injury and 
maintain homeostasis through the promotion of tissue re-
pair (Figure 1). This inflammatory cascade plays an adap-
tive role early in the development of heart failure. On the 
other hand, it has been suggested that interleukins and oth-
er cytokines might cause depression [3].

Kim et al. showed that pre-treatment of mesenchymal stem 
cells (MSC) prior to transplantation with TNF-a increases 
adhesiveness. TNF-a is released from ischemic heart after 
acute MI, increases the production of other cytokines such 
as interleukin-1 (IL-1), interleukin-6 (IL-6), and it seems to 
activate nuclear factor kappa B (NF-kappa B), thus up-reg-
ulating the expression of molecules involved in inflamma-
tion and cell adhesion [26].

Kempf et al. also suggested that while IL-6 was significant-
ly increased in serum from acute myocardial infarction 
(AMI) patients, IL-6 mRNA levels did not differ between 
patients and controls, while TNF-a mRNA expression rates 
and concentrations in serum were significantly elevated in 
AMI patients [27].

It has been proposed that depression exerts an adverse im-
pact on the cardiovascular system. Increased heart rate, 
blood pressure, cardiac arrhythmias, platelet aggregation 
and inflammation are some of the negative expressions of 
depression on the cardiovascular system. There is a 2-fold 

risk of morbidity and mortality of CHD for patients with de-
pression; therefore, management of depression may con-
tribute to modification of the development and prognosis 
of CHD [22]. Whang et al. found that symptoms of depres-
sion are indeed associated with higher risks of cardiac events, 
although they concluded that use of antidepressants might 
be a marker of worse depression, and thus there is a need 
for further study [28].

Contrary to the adverse cardiac effects of the tricyclic group 
of antidepressants, the SSRI group seems to be safe and ef-
ficacious in depressed CHD patients [29], as it can reduce 
cardiac morbidity and mortality [30]. Goldston et al. have 
reviewed the biological mechanisms that may explain the 
link between depression and CHD and concluded that car-
diologists may be reluctant to add an antidepressant to the 
treatment of cardiac patients [22].

effects of ssris on the development and prognosis 
of atherosclerosis

Binder et al. proposed in their review that a variety of environ-
mental factors such as nutrition and other prescribed drugs 
as well as genetic factors might influence the pharmacoge-
netics of antidepressant drugs. It seems that polymorphisms 

Figure 1.  Depiction of immune system activation 
in depression and atherosclerosis. 
Pro-inflammatory cytokines, such as 
TNF-α, IL-1 and IL-6, stimulate central 
Serotonin (5-HT) neurotransmission 
through IFN-γ activation of the enzyme 
indoleamine 2, 3-dioxygenase (IDO) 
that reduces the production of 5-HT 
in the brain. These cytokines are over-
expressed in depression, which has been 
linked with hypothalamic-pituitary-
adrenal axis (HPA) hyperactivity. Thus, 
increased production of pro-inflammatory 
cytokines, play the role of an important 
mediator of inflammation. On the other 
hand, the pro-inflammatory protein 
TNF-alpha is known to be involved in 
inflammatory endothelial injury and 
atherosclerotic changes. Stress does not 
only induce depression, but along with 
environmental factors, such as nutrition, 
smoking, exercise and prescribed drugs, 
as well as genetic factors, also induces the 
inflammatory cascade that leads to the 
development of atherosclerosis through 
activating endothelial lesions, which in 
turn activate platelets and through release 
of platelet-derived growth factor (PDGF) 
which plays a role in cell proliferation, 
atherosclerosis begins. The cardiovascular 
function is also modulated by pro-
inflammatory cytokines, which have 
been implicated in the pathogenesis and 
progression of stress-induced disorders. 
Thus, inhibition of inflammation by use 
of SSRI antidepressants might actually be 
beneficial.
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in genes that regulate the hypothalamus-pituitary-adrenal 
(HPA) axis affect response to antidepressants [31].

Malarstig et al. suggested that there is no association of 
TNFSF4 variation with incident CVD in women, but there 
appears to be one with incident venous thromboembo-
lism [32]. However, Olofsson et al. demonstrated that the 
immune co-stimulatory factor TNFSF4 is expressed in hu-
man atherosclerotic lesions [33]. Manginas et al. also sug-
gested that polymorphisms of the TNF-a, INF-g and IL-10 
groups do not contribute to the development of stable an-
gina (SA), unstable angina (UA), or myocardial infarction 
(MI), with the exception of a possible link of IL-6-174 G/C 
polymorphism with the susceptibility of developing MI [34].

The most commonly prescribed class of antidepressants now-
adays are the selective serotonin reuptake inhibitors (SSRIs), 
which include sertraline, fluoxetine, citalopram, bupropi-
on and mirtazapine, all of which appear to be safe to use 
after MI [35]. The cardiovascular effects of SSRIs that have 
been studied during the last 5 years are shown in Table 1.

SSRI antidepressants inhibit serotonin’s reuptake into the 
presynaptic cell, thus increasing its extracellular level. They 
are usually prescribed for depression [36], social anxiety, 
panic disorders [37], obsessive-compulsive disorder [38] 
and sometimes for posttraumatic stress disorder [2,39].

Hattori et al. attempt to explain the affect of SSRI drugs 
biochemically, stating that there is an underlying decrease 
in the function of brain monoaminergic neurotransmit-
ters activated, such as by serotonin and noradrenalin [40].

Kubera et al. tried to determine whether 5-HT and 5-HT 
receptor subtypes affect IL-6 and TNF-a production. In in-
flammatory conditions 5-HT is released after stimulation 
by endotoxic lipopolysaccharide, platelet activating factors 
and IFN-g. 5-HT inhibits the production of TNF-a and pro-
motes the production of IFN-g. The study concluded that 
intracellular 5-HT is necessary for cytokine production by 
immune cells and that the production of IL-6 and TNF-a is 
suppressed by elimination of endogenous serotonin [41].

Narita et al. suggested that a mechanism that possibly ex-
plains the prevention of atherosclerosis within the immune 
system context is based on adiponectin, which is an adipose 
tissue-specific plasma protein. Adiponectin is involved in in-
sulin sensitization and has anti-atherosclerotic properties. 
On the other hand, the pro-inflammatory protein TNF-alpha 
is known to be involved in inflammatory endothelial injury 
and atherosclerotic changes. Since antidepressant medica-
tions seem to decrease the production of pro-inflammato-
ry cytokines, including TNF-alpha, Narita et al. examined 
the plasma levels of TNF-alpha and adiponectin in patients 
with remitted depressions, which were under maintenance 
antidepressant treatment for longer than half a year. The 
remitted depression group had significantly lower levels of 
TNF-alpha and higher levels of adiponectin than those in 
the control group. Thus, it is possible that maintenance an-
tidepressant therapy may have anti-inflammatory effects and 
prevent the development of atherosclerosis [42].

Whooley et al. found that there is no association between 
plasma inflammatory mediators and depression in their 

cross-sectional study of 984 CAD patients, which could be 
explained by the effects of the prescribed medications that 
included statins, b-blockers and antidepressants [43,44]. 
Lanza et al. also showed that patients who failed to respond 
to SSRIs appeared to have higher inflammatory mediator 
levels than healthy controls and euthymic patients who had 
failed SSRI treatment [45].

Kim et al. found higher baseline concentrations of IL-6 and 
TNF-a in depressed SSRI-resistant patients when compared 
with healthy controls [46]. O’ Brien et al. agree that patients 
resistant to SSRIs showed higher production of TNF-a [47]. 
According to Himmerich et al, soluble TNF receptors in-
creased significantly in plasma concentration after antide-
pressant treatment, but TNF-a concentration did not show 
significant increase [48].

According to Diamond et al. antidepressant treatment had 
significant effects on lipopolysaccharide-stimulated produc-
tion of proinflammatory cytokines IL-1b, TNF-a and IL-12. 
They found that antidepressants suppress IFN-g production 
[49]. Moreover, it is stated elsewhere that SSRI use in chron-
ic posttraumatic stress disorder seems to decrease the levels 
of baseline diurnal cortisol and cortisol reactivity to stress 
[2]. According to Cohen et al. there is a significant auto-
nomic dysregulation at rest that in posttraumatic stress dis-
order patients, which is corrected by treatment with SSRIs 
[39]. Narita et al. reported that there was a significantly 
lower TNF-a level in remitted patients suffering from de-
pression who were receiving antidepressant treatment for 
longer than 6 months, compared to healthy subjects [50].

Tsao et al. suggested that pro-inflammatory cytokines and 
5-HTT might play critical roles in the pathogenesis of ma-
jor depression. Furthermore, cytokine levels were affected 
by chronic treatment with 5-HTT inhibitors and mRNA ex-
pressions of IL-1b, IL-6, IFNg and TNFa were higher in the 
depressed patients than in healthy controls [51].

It has been suggested that treatment of depression with SSRIs 
may reduce major heart disease events [52]. Although some 
studies have found a reduced relative risk for MI in patients 
using SSRIs, use of SSRIs in depressed patients who expe-
rience an acute MI may reduce subsequent cardiovascular 
morbidity and mortality. Use of SSRIs was associated with 
43% lower risk of death or nonfatal MI and 43% lower risk 
of all-cause mortality [30]. According to Gehi et al. non-
compliance to medication for major depression in patients 
with stable coronary disease may adversely affect cardiovas-
cular outcomes [53]. Cohen et al. found that use of any an-
tidepressant medication was associated with MI, cardiovas-
cular hospitalization and all-cause mortality, but incidence 
of MI was lower for patients using SSRIs compared to tricy-
clic agents, as it is possible that SSRI treatment might ame-
liorate the adverse effect of depression on cardiovascular 
disease [54]. Barton et al. investigated the possibility that 
treatment with SSRI medication would modify sympathet-
ic activity in a way that cardiac risk might be reduced. Data 
obtained from 39 patients revealed that following treatment 
with an SSRI, both sympathetic and sympathoadrenal ac-
tivity were markedly reduced, but it is difficult to ascertain 
whether this effect is specific or non-specific [55]. On the 
other hand, Bär et al. suggested that antidepressant treat-
ment leads to significant change of the parasympathetic 
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function, as SSRIs influence cardiac function, and that it 
is not possible to estimate the long-term consequences of 
these changes [56]. Wong et al. supported the notion that 
successful antidepressant treatment ameliorates hemorhe-
ological measures of stress-hemoconcentration, which con-
tribute to an increased risk for CVD. This is accomplished 
by alleviating the advancement of atherosclerotic plaque in 
the arteries through improving the symptoms of major de-
pressive disorder (MDD) [57].

Somberg et al. reviewed possible explanations for this in-
creased morbidity in patients with a combination of de-
pression with CAD, and concluded that SSRIs causing a re-
duced cardiovascular mortality may be related to serotonin 

platelet abnormalities in depressed patients that are effec-
tively treated by SSRIs. They also proposed that it is possi-
ble that the SADHART and ENRICHD trials reveal a mech-
anism of depression that also effects platelet function and 
can be improved with SSRI treatment [52,58].

Delaney et al. suggested that there is a difference in utiliza-
tion of antidepressants between different ethnic groups. In 
a US-based prospective cohort, Caucasian participants had 
the highest rate of antidepressant medication use (12%) 
compared with African-American (4%), Asian (2%) and 
Hispanic (6%) participants [59]. As for patients with CHD, 
Waldman et al. found that African-Americans are less like-
ly to be treated with antidepressants compared with whites, 

SSRI medications Recent studies mentioning the 
cardiovascular role of SSRI medications Effects of SSRIs

Citalopram Taylor D (2008) •	 May	decrease	the	risk	of	MI
•	 May	improve	mortality	following	stroke
•	 Few	cardiovascular	adverse	effects

Muldoon	MF,	Mackey	RH,	Sutton-Tyrrell	K,	Flory	
JD,	Pollock	BG,	Manuck	SB	(2007)

•	 	Individual	differences	in	central	serotogenic	responsivity	
are inversely related to preclinical vascular disease

Paroxetine Taylor D (2008) •	 May	improve	mortality	following	stroke
•	 Few	cardiovascular	adverse	effects

Roose	SP,	Miyazaki	M	(2005)	 •	 Normalized	platelet	activity	at	low	doses
•	 Were	not	associated	with	significant	cardiac	symptoms

Escitalopram Angermann CE, Gelbrich G, Störk S, Fallgatter A, 
Deckert	J,	Faller	H,	Ertl	G	(2007)

•	 	Attempted	to	assess	the	effects	of	antidepressant	
pharmacotherapy and their safety in CHF patients

Eller	T,	Vasar	V,	Shlik	J,	Maron	E	(2008) •	 Responders	to	treatment	have	lower	TNF-α	baseline
•	 	Lower	release	or	synthesis	of	TNF-α	may	contribute	to	a	

better efficacy of escitalopram in depressed patients
•	 	The	antidepressants	could	influence	cytokine	levels	
independently	of	their	therapeutic	effects

Sertraline Roose	SP,	Miyazaki	M	(2005)	 •	 Were	not	associated	with	significant	cardiac	symptoms

Serebruany VL, Suckow RF, Cooper TB, O’Connor 
CM,	Malinin	AI,	Krishnan	KRR,	van	Zyl	LT,	Lekht	V,	
Glassman AH (2005)

•	 Sertaline	treatment	suppressed	platelet	function

Basterzi	AD,	Aydemir	C,	Kisa	C,	Aksaray	S,	Tuzer	V,	
Yazici	K,	Göka	E	(2005)

•	 	Positive	influence	of	SSRI	treatment	on	platelet	reactivity	
of depressed patients

Parissis	J,	Fountoulaki	K,	Paraskevaidis	I,	
Kremastinos	DT	(2007)

•	 Relief	from	their	depressive	symptoms
•	 Improvement	in	quality	of	life
•	 Potential	benefit	in	their	cardiovascular	risk

Fluoxetine Roose	SP,	Miyazaki	M	(2005)	 •	 Were	not	associated	with	significant	cardiac	symptoms

Tsao	CW,	Lin	YS,	Chen	CC,	Bai	CH,	Wu	SR	(2006) •	 	Administration	of	fluoxetine	caused	a	marked	decrease	in	
IFNγ mRNA expression

•	 	There	was	no	significance	in	IL-1β	and	TNF-α	as	compared	
to the healthy controls

•	 	There	was	no	difference	in	IL-6	between	patients	and	
controls

•	 	Levels	of	cytokines	and	5-HTT	might	represent	a	
modulatory mechanism between an immune response 
to the central nervous system and the pathogenesis of 
depression

Table 1.	Depiction	of	usually	utilized	SSRIs	and	their	cardiovascular	effects	as	studied	in	the	last	five	years.
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even though there is no difference in the severity of depres-
sive symptoms, and African-Americans have a significantly 
greater risk of dying from CHD compared to whites [60].

Adverse effects of SSRIs

Adverse effects associated with SSRIs are common during 
the first 3 months of treatment and they are bothersome to 
patients. Patients usually develop sexual dysfunction, drows-
iness and blurred vision [36]. According to an earlier study 
by Kim et al. there was no increased risk for bleeding associ-
ated with SSRI use for patients who received antiplatelet and 
anticoagulant therapy for acute coronary syndromes [61].

Pacher et al. reviewed the cardiovascular adverse effects of an-
tidepressants and found that mild bradycardia, insignificant 
prolongation of QT interval, dysrhythmia syncope and ortho-
static hypotension were associated with consumption of a vari-
ety of SSRIs [62]. Moreover, it was mentioned that there is very 
little evidence of orthostatic hypotension during fluoxetine 
treatment, but in the overdosed patients fewer cardiac symp-
toms were reported than with tricyclic antidepressants [63].

Baumet et al. concluded that in patients suffering from de-
pression or panic disorder, QT variability is not correlated 
with cardiac norepinephrine spillover and is not affected by 
treatment with SSRIs [64]. Isbister et al. showed that SSRIs 
are relatively safe in overdose despite serotonin syndrome 
being common, except for citalopram, which was signifi-
cantly associated with QTc prolongation [65].

According to Licht et al. certain antidepressants is associ-
ated with both high diastolic and systolic blood pressures 
and hypertension [66].

Citalopram and paroxetine

Taking into consideration the association between depres-
sion and cardiovascular disease, it has been suggested by 
Taylor that the use of SSRI medication may decrease the risk 
of MI, that citalopram and paroxetine may improve mortal-
ity following stroke, and that SSRIs generally have few car-
diovascular adverse effects [35].

Muldoon et al. tested the hypothesis that a blunted central 
serotogenic response would be associated with preclinical 
atherosclerosis. They administered citalopram as a pharma-
cological agent to 244 adults receiving no medications af-
fecting cardiovascular or serotogenic function and found 
that prolactin response was associated with carotid artery 
thickening, thus concluding that individual differences in 
central serotogenic responsivity are inversely related to pre-
clinical vascular disease [67].

Roose et al. agreed that treatment with paroxetine normal-
ized platelet activity, an effect that occurred when the spe-
cific medication was administered at low doses, and that 
fluoxetine, paroxetine and sertraline were not associated 
with significant cardiac symptoms [7].

Escitalopram

Angermann et al. recently conducted a MOOD-HF tri-
al in attempting to assess the effects of antidepressant 

pharmacotherapy on hard somatic endpoints, the mecha-
nisms of action of SSRI treatment (particularly the use of es-
citalopram), and their safety in CHF patients [68]. Eller et 
al, on the other hand, investigated the acute and chronic ef-
fects of escitalopram in 100 patients with major depression 
who were treated with 10–20 mg daily. The comparison of 
baseline cytokine levels between responders, non-responders 
and healthy subjects showed a difference for TNF-a, with the 
responders having lower TNF-a baseline. This indicates that 
lower release or synthesis of TNF-a may contribute to a bet-
ter efficacy of escitalopram in depressed patients. They also 
suggested that, due to the fact that it is not known whether 
immunological disturbances in depression are directly relat-
ed to symptomatic status, the antidepressants could influence 
cytokine levels independently of their therapeutic effects [1].

Sertraline

According to Goodnick et al, since cardiovascular compli-
cations can be related to platelet clumping, reductions in 
morbidity can be achieved by reducing platelet adhesive-
ness. Thus, sertraline administration appears to be safe in 
the post-myocardial infarction (MI) state [69].

Serebruany et al. demonstrated that sertraline treatment sup-
pressed platelet function, as platelet/endothelial biomarkers 
were negatively correlated to the plasma levels of sertraline 
[6]. Basterzi et al. also agree with the positive influence of 
SSRI treatment on platelet reactivity of depressed patients 
[70]. Likewise, Serebruany et al. demonstrated in an earlier 
study [71] that sertraline and probably other SSRIs improve 
platelet markers even in the presence of aspirin. They have 
also shown in a more recent study [6] that plasma levels of 
sertraline and N-desmethylsertaline is negatively correlated 
with the release of platelet/endothelial markers, thus prov-
ing that use of sertraline in therapeutic concentrations ex-
hibits antiplatelet and endothelium protective properties.

Parissis et al. also agree that sertraline intervention provides 
depressed patients not only with relief from their depressive 
symptoms and improvement in quality of life, but also a po-
tential benefit in their cardiovascular risk [72].

Fluoxetine

In an earlier review Pacher et al. suggested that fluoxetine 
may cause significantly fewer anticholinergic, antihistamin-
ergic and cardiotoxic side-effects in the treatment of major 
depressive disorders. Chronic treatment with fluoxetine was 
not reported to affect the electrocardiogram (ECG) [63].

Moffit et al. concluded that short-term treatment with the 
SSRI fluoxetine in rats enhances baroreflex control of sym-
pathetic nervous system activity [73]. Tsao et al. showed that 
administration of fluoxetine caused a marked decrease in 
IFNã mRNA expression, there was no significance in IL-1b 
and TNF-a as compared to the healthy controls, and there 
was no difference in IL-6. Thus, levels of cytokines and 
5-HTT might represent a modulatory mechanism between 
an immune response to the central nervous system and the 
pathogenesis of depression [51].

Magyar et al. showed that fluoxetine exerts much stronger sup-
pressive effect on cardiac than neuronal calcium channels [74].
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discussion

Clinical and experimental studies indicate that stress and de-
pression are associated with the up-regulation of the immune 
system. Increased production of pro-inflammatory cytokines 
[75] such as TNF-a play the role of an important mediator 
of inflammation. Thus, inhibition of its activity might actu-
ally be beneficial [76]. Increase in the production of pro-
inflammatory cytokines [41] and enhanced platelet activi-
ty in depression may increase mortality in coronary disease 
[77], thus suggesting that antidepressive treatments have 
negative immunoregulatory and antiplatelet effects [41]. 
In vitro culture and animal studies have shown that antide-
pressants decrease the production of pro-inflammatory cy-
tokines. All depressive patients do not share immunologi-
cal disturbances, including changes in cytokine levels. This 
leads to the conclusion that the immunomodulatory action 
of antidepressants plays a therapeutic role only in certain 
groups of patients [75].

Elsewhere it has been stated that pro-inflammatory cyto-
kines like IL-6 and TNF-a can activate macrophages with-
in atherosclerotic plaques, which indicates a process final-
ly leading to plaque development and rupture [78]. This 
causes an increase in plasma pro-inflammatory cytokines 
to patients with UA. This is also supported by Huang et 
al, who showed that activation and overexpression of poly 
(ADP-ribose) polymerase-1 (PARP-1) in mononuclear cells 
were positively associated with increased plasma levels of 
TNF-a and IL-6 in patients with UA. Thus, inhibition of 
PARP-1 may be useful for the treatment of systemic inflam-
matory responses in these patients [79].

Since TNF-a and IL-6 have proven to be deleterious to ath-
erosclerotic plaques by provoking plaque instability, finding 
ways to reduce them might decrease the risk of CHD [80].

O’Brien et al. suggested that future antidepressants may 
target the immune system by either blocking the actions of 
pro-inflammatory cytokines or increasing the production of 
anti-inflammatory cytokines [81]. The relationship between 
depression and CHD might refer to vascular inflammation, 
autonomic and endothelial dysfunction, and behavior pat-
terns such as poor adherence to medication and advice [82].

Earlier [63] as well as recent [83–86] studies and reviews 
mention the possible general and cardiovascular effects 
of fluoxetine and other new SSRIs antidepressants found 
in animals, suggesting possible explanations of the lower 
incidence of cardiovascular events in humans following 
SSRI treatment. However, the largest randomized trial – 
ENRICHD – that tried to determine whether mortality and 
recurrent MI are reduced by treatment of depression using 
SSRIs showed that although the risk of death or nonfatal MI 
was significantly lower in patients taking SSRIs, the interven-
tion did not increase event-free survival [87].

Hesslinger et al. discussed the differential therapeutic con-
sequences of SSRIs, mentioning that depressive disorders 
are rarely diagnosed, and only a minority of patients re-
ceive adequate treatment, although the number of treat-
ment options has increased in recent years [88]. The most 
commonly prescribed antidepressant agents are Sertraline 
(18%), Escitalopram (14%) and Amitriptyline (10%), and 

the most commonly prescribed class of antidepressants are 
the SSRIs (55%). SSRIs became available in the late 1980s 
and seem to be the most popular and commercially success-
ful antidepressants in the US [77].

It has been shown by a number of studies that SSRI use is 
associated with a lower risk of re-infarction and mortality. 
This is probably due to the effects of SSRIs on platelets. In 
an earlier study Musselman et al. treated depressed patients 
with paroxetine and demonstrated that platelets showed in-
creased activation before and normalization after, treatment 
[89]. The post-hoc secondary analyses from the ENRICHD 
study supports this notion [30].

Halperin et al. suggested that fluoxetine, paroxetine, and 
sertraline are drugs with the highest degree of serotonin 
reuptake inhibition and they are frequently associated with 
abnormal bleeding and modifications of hemostasis mark-
ers. Among the most frequent hemostatic abnormalities, 
decreased platelet aggregability and activity and prolonga-
tion of bleeding time are mentioned [37].

According to Blanchette et al, of the 7051 elderly patients in-
cluded in their study, 5.4% indicated they became depressed 
within 6 months of having a thromboembolic episode (TEE). 
Of the total population of antidepressant users (68.2% of de-
pressed elders), 76.4% used SSRIs. Neither antidepressant 
use nor SSRI use was associated with an increase or reduc-
tion in risk of using health care services, including hospital-
izations and ED visits, in the 12 months following a TEE [90].

Glassman et al. explored the evidence that treating depres-
sion reduces the increased risk of cardiovascular morbidity 
and mortality. SSRI antidepressants seem to be safe and ef-
fective and they may reduce not only depression but medi-
cal adverse events as well. However, they conclude that this 
evidence is not definitive [91].

Thombs et al. agreed that depression treatment with med-
ication or cognitive behavioral therapy resulted in modest 
reductions in depressive symptoms, but there was no evi-
dence that depression treatment improved cardiac outcomes 
[92]. Swenson et al. also concluded that after reviewing an-
tidepressant trials in high-risk patients, they did not deter-
mine whether SSRIs are associated with a greater or lesser 
risk of cardiovascular adverse events [93].

According to Goodnick et al. the rate of comorbid depression 
and medical illness varies from 10% to 40%. Citalopram, ser-
traline, paroxetine, fluoxetine and bupropion in post-stroke 
depression and sertaline in post-MI state seem to be safe and 
efficacious [69]. Is has also been suggested that SSRIs, and 
especially fluoxetine, may be responsible for the inhibition 
of platelet aggregation, which in synergy with chronic ser-
taline administration may lead to low platelet activity [6].

Depression and cardiovascular disease are closely associated 
clinical entities, the former of which appears both to cause 
and worsen the latter [35,97,98]. Psychological stress has 
been identified as a contributor to the pathogenesis of ath-
erosclerosis and hypertension and as a risk factor for CVD 
and coronary events [94,96]. Many antidepressants, such as 
tricyclic drugs, have many cardiotoxic properties, while oth-
ers (such as the SSRIs) have neutral or beneficial effects in 
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various cardiovascular disorders [35]. Evidence shows that 
treatment of MDD patients who experience an acute MI with 
SSRI antidepressants might decrease mortality or cardiac 
events [95]. Of the 4 ethnicities, Caucasian had the high-
est rate of antidepressant medication (ADM) use compared 
with African–Americans, Asians and Hispanics [59]. The new 
generation of SSRIs, such as fluoxetine, fluvoxamine, parox-
etine, sertraline, citalopram, and venlafaxine, are not only 
considered to be free from the cardiotoxicity of their pre-
decessors [62], but also to function as safe and efficacious 
agents against depression, platelet activation, atherosclero-
sis and development and prognosis of coronary heart dis-
ease. However, there is a need for more clinical studies in 
order to establish the exact biochemical mechanisms that 
are responsible for these diseases and the immunoregula-
tory effects of chronic use of SSRI medications.

conclusions

Antidepressants are safe and efficacious agents against de-
pression, platelet activation, atherosclerosis, and develop-
ment and prognosis of coronary heart disease.

Their use is associated with a lower risk of re-infarction 
and mortality and may be responsible for the inhibition of 
platelet aggregation, which may lead to low platelet activity.

appendix

The table consists of three columns, the first of which is a 
list of SSRI medications which have been studied in the last 
five years or otherwise mentioned by the authors in articles 
concerning human reactivity to such treatment, the second 
one referring to the names of the authors and the year of 
publication of their articles and the third one demonstrating 
the conclusions of these articles concerning the immuno-
regulatory and the cardiovascular role of SSRI medications.

references:

 1. Eller T, Vasar V, Shlik J, Maron E: Pro-inflammatory cytokines and treat-
ment response to escitaloprsam in major depressive disorder. Prog 
Neuro-Psychopharmacology Bio Psychiatry, 2008; 32: 445–50

 2. Vermetten E, Vythilingam M, Schmahl C et al: Alterations in Stress 
Reactivity After Long-Term Treatment with Paroxetine in Women with 
Posttraumatic Stress Disorder. Ann NY Acad Sci, 2006; 1071: 184–202

 3. Azevedo A, Bettencourt P, Frioes F et al: Depressive Symptoms and 
Heart Failure Stages. Psychosomatics, 2008; 49: 42–48

 4. Hanson G: Inflammation, atherosclerosis, and coronary artery disease. 
N Engl J Med, 2005; 352: 1685–95

 5. Halaris A: Comorbidity between depression and cardiovascular disease. 
Int Angiol, 2009; 28: 92–99

 6. Serebruany VL, Suckow RF, Cooper TB et al: Relationship Between 
Release of Platelet/Endothelial Biomarkers and Plasma Levels of 
Sertraline and N-Desmethylsertraline in Acute Coronary Syndrome 
Patients Receiving SSRI Treatment for Depression. Am J Psychiatry, 
2005; 162: 1165–70

 7. Roose SP, Miyazaki M: Pharmacologic Treatment of Depression in 
Patients with Heart Disease.Psychosom Med, 2005; 1: S54–57

 8. Carney RM, Freedland KE, Veith RC, Jaffe AS: Can Treating Depression 
Reduce Mortality After an Acute Myocardial Infarction? Psychosom 
Med, 1999; 61: 666–75

 9. Schiepers OJG, Wichers MC, Maes M: Cytokines in major depression. 
Prog Neuro-Psychopharmacology Bio Psychiatry, 2005; 29: 201–17

 10. O’Brien SM, Scully P, Scott LV, Dinan TG: Cytokine profiles in bipolar 
affective disorder: focus on acutely ill patients. J Affect Disord, 2006; 
90: 263–67

 11. Brambilla F, Monteleone P, Maj M: Interleukin-1b and tumor necro-
sis factor-a in children with major depressive disorder or dysthymia. J 
Affect Disord, 2004; 78: 273–77

 12. Maes M, Chiavetto LB, Bignotti S et al: Increased serum interleukin-8 
and interleukin-10 in schizophrenic patients resistant to treatment with 
neuroleptics and the stimulatory effects of clozapine on serum leukae-
mia inhibitory factor receptor. Schizophr Res, 2002; 54: 191–281

 13. Harrington C, Hall P: Molecular and cellular themes in inflammation 
and immunology. J Pathol, 2008; 214: 123–25

 14. Dinan TG: Inflammatory markers in depression. Curr Opin Psychiatry, 
2008; 22: 32–36

 15. Kiecolt-Glaser JK, Glaser R: Depression and immune function: central 
pathways to morbidity and mortality. J Psychosom Res, 2002; 53: 873–76

 16. Dantzer R: Cytokine, sickness behavior and depression. Immunol Allergy 
Clin North Am, 2009; 29: 247–64

 17. Himmerich H, Berthold-Losleben M, Pollmächer T: The relevance of 
the TNF-alpha system in psychiatric disorders. Fortschr Neurol Psychiatr, 
2009; 77(6): 334–45

 18. Hong CJ, Yu YW, Chen TJ, Tsai SJ: Interleukin-6 genetic polymorphism 
and Chinese major depression. Neuropsychobiology, 2005; 52: 202–5

 19. Bull S, Huezo-Diaz P, Binder EB et al: Functional polymorphisms in 
the interleukin-6 and serotonin transporter genes, and depression 
and fatigue induced by interferon-alpha and ribavirin treatment. Mol 
Psychiatry, 2009; 14(12): 1095–104

 20. Von Känel R, Hepp U, Kraemer B et al: Evidence for low-grade system-
ic proinflammatory activity in patients with posttraumatic stress disor-
der. J Psychiatr Res, 2006; 41: 744–52

 21. Torpey DC, Klein DN: Chronic depression: update on classification and 
treatment. Curr Psychiatry Rep, 2008; 10: 458–64

 22. Goldston K, Baillie AJ: Depression and coronary heart disease: A review 
of the epidemiological evidence, explanatory mechanisms and manage-
ment approaches. Clin Psychol Rev, 2008; 28: 288–306

 23. Whooley MA, De Jonge P, Vittinghoff E et al: Depressive symptoms, 
health behaviors and risk of cardiovascular events in patients with cor-
onary heart disease. JAMA, 2009; 300: 2379–88

 24. Berthonneche C, Sulpice T, Boucher F et al: New insights into the path-
ological role of TNF in early cardiac dysfunction and subsequent heart 
failure after infarction in rats. Am J Physiol Heart Circ Physiol, 2003; 
287: H340–50

 25. Toufektsian MC, Robbez-Masson V, Sanou D et al: A Single Intravenous 
sTNFR-Fc Administration at the Time of Reperfusion Limits Infarct Size 
– Implications in Reperfusion Strategies in Man. Cardiovasc Drugs Ther, 
2008; 22: 437–42

 26. Kim YS, Park HJ, Hong MH et al: TNF-alpha enhances engraftment of 
mesenchymal stem cells into infracted myocardium. Front Biosci, 2009; 
14: 2845–56

 27. Kempf K, Haltern G, Füth R et al: Increased TNF-a and decreased 
TGF-b expression in peripheral blood leukocytes after acute myocar-
dial infraction. Horm Metab Res, 2006; 38: 346–51

 28. Whang W, Kubzansky LD, Kawachi I et al: Depression and Risk of 
Sudden Cardiac Death and Coronary Heart Disease in Women. J Am 
Coll Cardiol, 2009; 17: 950–58

 29. Alvarez W, Pickworth K: Safety of antidepressant drugs in the patient 
with cardiac disease: A review of the literature. Pharmacotherapy, 2003; 
23: 754–71

 30. Taylor CB, Youngblood ME, Catellier D et al: Effects of Antidepressant 
Medication on Morbidity and Mortality in Depressed Patients after 
Myocardial Infarction. Arch Gen Psychiatry, 2005; 62: 792–98

 31. Binder EB, Holsboer F: Pharmacogenomics and antidepressant drugs. 
Ann Med, 2006; 38: 82–94

 32. Mäiarstig A, Eriksson P, Rose L et al: Genetic Variants of Tumor 
Necrosis Factor Superfamily, Member 4 (TNFSF4), and Risk of Incident 
Atherothrombosis and Venous Thromboembolism. Clin Chem, 2008; 
54: 833–40

 33. Olofsson PS, Söderström LÅ, Jern C et al: Genetic variants of TNFSF4 
and risk for carotid artery disease and stroke. J Mol Med., 2009; 87: 
337–46

 34. Manginas A, Tsiavou A, Chaidaroglou A et al: Inflammatory cytokine 
gene variants in coronary artery disease patients in Greece. Coron Artery 
Dis, 2008; 19: 575–82

 35. Taylor D: Antidepressant drugs and cardiovascular pathology: a clini-
cal overview of effectiveness and safety. Acta Psychiatr Scand, 2008; 118: 
434–42

Review Article Med Sci Monit, 2011; 17(9): RA205-214

RA212



 36. Hu XH, Bull SA, Hunkeler EM et al: Incidence and duration of side ef-
fects and those rated as bothersome with selective serotonin reuptake 
inhibitor treatment for depression: patient report versus physician es-
timate. J Clin Psychiatry, 2004; 65: 959–65

 37. Halperin D, Reber G: Influence of antidepressants on hemostasis. 
Dialogues Clin Neurosci, 2007; 9: 47–59

 38. Matsunaga H, Nagata T, Hayashida K et al: A long-term trial of the ef-
fectiveness and safety of atypical antipsychotic agents in augmenting 
SSRI-refractory obsessive-compulsive disorder. J Clin Psychiatry, 2009; 
70(6): 863–68

 39. Cohen H, Kotler M, Matar M, Kaplan Z: Normalization of Heart 
Rate Variability in Post-Traumatic Stress Disorder Patients Following 
Fluoxetine Treatment: Preliminary Results.Isr Med Assoc J, 2000; 2: 
296–301

 40. Hattori H: Depression in the elderly. Nippon Ronen Igakkai Zasshi, 
2008; 45: 451–61

 41. Kubera M, Maes M, Kenis G et al: Effects of serotonin and serotoner-
gic agonists and antagonists on the production of tumor necrosis fac-
tor a and interleukin-6. Psychiatry Res, 2005; 134: 251–58

 42. Narita K, Murata T, Takahashi T et al: Plasma levels of adiponectin and 
tumor necrosis factor – alpha in patients with remitted major depres-
sion receiving long-term maintenance antidepressant therapy. Prog 
Neuropsychopharmacol Biol Psychiatry, 2006; 30: 1159–62

 43. Hannestad J: Regarding “Depression and Inflammation in Patients with 
Coronary Heart Disease: Findings from the Heart and Soul Study”. Biol 
Psychiatry, 2008; 63: 27

 44. Whooley MA, Caska CM, Hendrickson BE et al: Depression and inflam-
mation in patients with coronary heart disease: findings from the heart 
and soul study. Biol Psychiatry, 2007; 62: 314–20

 45. Lanza GA, Pitocco D, Navarese EP et al: Association between cardiac 
autonomic dysfunction and inflammation in type 1 diabetic patients: 
effect of beta-blockade. Eur Heart J, 2007; 28: 814–20

 46. Kim YK, Na KS, Shin KH et al: Cytokine imbalance in the pathophysi-
ology of major depressive disorder. Prog Neuro-Psychopharmacology 
Bio Psychiatry, 2007; 31: 1044–53

 47. O’Brien SM, Scully P, Fitzgerald P et al: Plasma cytokine profiles in de-
pressed patients who fail to respond to selective serotonin reuptake in-
hibitor therapy. J Psychiatr Res, 2007; 41: 326–31

 48. Himmerich H, Binder EB, Künzel HE et al: Successful antidepressant 
therapy restores the disturbed interplay between TNF-a system and 
HPA Axis. Biol Psychiatry, 2006; 60: 882–88

 49. Diamond M, Kelly JP, Connor TJ: Antidepressants suppress production 
of the Th1 cytokine interferon-g, independent of monoamine trans-
porter blockade. Eur Neurophsycopharmacol, 2006; 16: 481–90

 50. Narita K, Murata T, Takahashi T et al: Plasma levels of adiponectin and 
tumor necrosis factor-alpha in patients with remitted major depres-
sion receiving long-term maintenance antidepressant therapy. Prog 
Neuropsychopharmacol Biol Psychiatry, 2006; 30: 1159–62

 51. Tsao CW, Lin YS, Chen CC et al: Cytokines and serotonin transporter 
in patients with major depression. Prog Neuropsychopharmacol Biol 
Psychiatry, 2006; 30: 899–905

 52. Somberg TC, Arora RR: Depression and heart disease: therapeutic im-
plications. Cardiology, 2008; 111: 75–81

 53. Gehi A, Haas D, Pipkin S, Whooley MA: Depression and medication ad-
herence in outpatients with coronary heart disease. Arch Intern Med., 
2005; 165: 2508–13

 54. Cohen HW, Gibson G, Alderman MH: Excess Risk of Myocardial 
Infarction in Patients Treated with Antidepressant Medications: 
Association with Use of Tricyclic Agents. Am J Med., 2000; 108: 2–8

 55. Barton DA, Dawood T, Lambert EA et al: Sympathetic activity in ma-
jor depressive disorder: identifying those at increased cardiac risk? J 
Hypertens, 2007; 25: 2117–24

 56. Bar KJ, Greiner W, Jochum T et al: The influence of major depression 
and its treatment on heart rate variability and pupillary light reflex 
parameters.J Affect Disord, 2004; 82: 245–52

 57. Wong ML, Dong C, Esposito K et al: Elevated Stress-Hemoconcentration 
in Major Depression Is Normalized by Antidepressant Treatment: 
Secondary Analysis from a Randomized, Double-Blind Clinical Trial 
and Relevance to Cardiovascular Disease Risk. PLoS ONE, 2008; 3: 2350

 58. Somberg TC, Arora RR: Depression and heart disease: therapeutic im-
plications. Cardiology, 2008; 111: 75–81

 59. Delaney JAC, Oddson BE, McClelland RL, Psaty BM: Estimating ethnic 
differences in self-reported new use of antidepressant medications: re-
sults from the Multi-Ethnic Study of Atherosclerosis. Pharmacoepidemiol 
Drug Saf, 2009; 18(7): 545–53

 60. Waldman SV, Blumenthal JA, Babyak MA et al: Ethnic differences in 
the treatment of depression in patients with ischemic heart disease. Am 
Heart J, 2009; 157: 77–83

 61. Kim DH, Daskalakis C, Whellan DJ et al: Safety of selective serotonin 
reuptake inhibitor in adults undergoing coronary artery bypasses graft-
ing. Am J Cardiol, 2009; 103: 1391–95

 62. Pacher P, Kecskemeti V: Cardiovascular Side Effects of New 
Antidepressants and Antipsychotics: New Drugs, old Concerns? Curr 
Pharm Des, 2004; 10: 2463–75

 63. Pacher P, Unvari Z, Kecskemeti V, Furst S: Review of cardiovascular ef-
fects of fluoxetine, a selective serotonin reuptake inhibitor, compared 
to tricyclic antidepressants.Curr Med Chem, 1998; 5: 381–90

 64. Baumert M, Lambert GW, Dawood T et al: QT interval variability and 
cardiac norepinephrine spillover in patients with depression and pan-
ic disorder. Am J Physiol Heart Circ Physiol, 2008; 295: H962–68

 65. Isbister GK, Bowe SJ, Dawson A, Whyte IM: Relative toxicity of selective 
serotonin reuptake inhibitors (SSRIs). J Toxicol Clin Toxicol, 2004; 42: 
277–85

 66. Licht CMM, de Geus EJC, Seldenrijk A et al: Depression is associated 
with decreased blood pressure but antidepressant use increases the risk 
for hypertension. Hypertension, 2009; 53: 631–38

 67. Muldoon MF, Mackey RH, Sutton-Tyrrell K et al: Lower Central 
Serotonergic Responsively Is Associated With Preclinical Carotid Artery 
Atherosclerosis. Stroke, 2007; 38: 2228–33

 68. Angermann CE, Gelbrich G, Störk S et al: Rationale and design of a ran-
domised, controlled, multicenter trial investigating the effects of selec-
tive serotonin re-uptake inhibition on morbidity, mortality and mood in 
depressed heart failure patients (MOOD-HF). Eur J Heart Fail, 2007; 
9: 1212–22

 69. Goodnick PJ, Hernandez M: Treatment of depression in comorbid med-
ical illness. Expert Opin Pharmacother, 2000; 1: 1367–84

 70. Basterzi AD, Aydemir C, Kisa C et al: IL-6 levels decrease with SSRI treat-
ment in patients with major depression. Hum Psychopharmacol, 2005; 
20: 473–76

 71. Serebruany VL, Glassman AH, Malinin AI et al: Selective serotonin reup-
take inhibitors yield additional antiplatelet protection in patients with 
congestive heart failure treated with antecedent aspirin. Eur J Heart 
Fail, 2003; 5: 517–21

 72. Parissis J, Fountoulaki K, Paraskevaidis I, Kremastinos DT: Sertaline for 
the treatment of depression in coronary artery disease and heart fail-
ure. Expert Opin Pharmacother, 2007; 8: 1529–37

 73. Moffitt J, Johnson AK: Short-term fluoxetine treatment enhances baro-
reflex control of sympathetic nervous system activity after hindlimb un-
loading. Am J Physiol Regul Integr Comp Physiol, 2004; 286: 584–90

 74. Magyar J, Rusznák Z, Harasztosi C et al: Differential effects of fluox-
etine enantiomers in mammalian neural and cardiac tissues. Int J Mol 
Med., 2003; 11: 535–42

 75. Obuchowicz E, Marcinowska A, Herman ZS: Antidepressants and cyto-
kines – clinical and experimental studies. Psychiatr Pol, 2005; 39: 921–36

 76. Williams LM, Lali F, Willetts K et al: Rac mediates TNF-induced cytokine 
production via modulation of NF-kB. Molecular Immunology, 2008; 45: 
2446–54

 77. Vieweg WVR, Julius D, Fernandez A et al: Treatment of Depression in 
Patients with Coronary Heart Disease. Am J Med., 2006; 119: 567–73

 78. Suzuki H, Kusuyama T, Sato R et al: Elevation of matrix metalloprotein-
ases and interleukin-6 in the culprit coronary artery of myocardial in-
farction. Eur J Clin Invest, 2008; 38: 166–73

 79. Huang D, Yang CZ, Yao L et al: Activation and Overexpression of PARP-1 
in Circulating Mononuclear Cells Promote TNF-a and IL-6 Expression 
in Patients with Unstable Angina. Arch Med Res, 2008; 39: 775–84

 80. Ozeren A, Aydin M, Tokac M et al: Levels of serum IL-1b, IL-2, IL-8 
and tumor necrosis factor in patients with unstable angina pectoris. 
Mediators Inflamm, 2003; 12: 361–65

 81. O’ Brien SM, Scott LV, Dinan TG: Cytokines: abnormalities in ma-
jor depression and implications for pharmacological treatment. Hum 
Psychopharmacol, 2004; 19: 397–403

 82. Williams ED, Steptoe A: The role of depression in the etiology of acute 
coronary symptoms. Curr Psychiatry Rep, 2007; 9: 486–92

 83. Oh JE, Zupan B, Gross S, Toth M: Paradoxical Anxiogenic Response of 
Juvenile Mice to Fluoxetine. Neuropsychopharmacology, 2009; 34(10): 
2197–207

 84. Gomes KS, de Carvalho-Netto EF, Monte KC et al: Contrasting effects 
of acute and chronic treatment with imipramine and fluoxetine on in-
hibitory avoidance and escape responses in mice exposed to the ele-
vated T-maze. Brain Res Bull, 2009; 78: 323–27

Med Sci Monit, 2011; 17(9): RA205-214 Wozniak G et al – Serotonin reuptake inhibitor antidepressants (SSRIs) against…

RA213

RA



 85. Zhai FG, Zhang XH, Wang HL: Fluoxetine protects against monocro-
taline-induced pulmonary arterial hypertension is relevant to induc-
tion of apoptosis and up-regulation of Kv1.5 channels in rats. Clin Exp 
Pharmacol Physiol, 2009; 36(8) :850–56

 86. Yalcin I, Belzung C, Surget A: Mouse strain differences in the unpre-
dictable chronic mild stress: a four-antidepressant survey. Behav Brain 
Res, 2008; 193: 140–43

 87. Berkman LF, Blumenthal J, Burg M et al: Writing Committee for 
the ENRICHD Investigators. Effects of Treating Depression and 
Low Perceived Social Support on Clinical Events After Myocardial 
Infarction: The Enhancing Recovery in Coronary Heart Disease Patients 
(ENRICHD) Randomized Trial. JAMA, 2003; 289: 3106–16

 88. Hesslinger B, Härter M, Barth J et al: Comorbidity of depressive disor-
ders and cardiovascular diseases. Implications for diagnosis, pharma-
co- and psychotherapy. Nervenarzt, 2002; 73: 205–17

 89. Musselman DL, Marzec UM, Manatunga A et al: Platelet reactivity in 
depressed patients treated with paroxetine: preliminary findings. Arch 
Gen Psychiatry, 2000; 57: 875–82

 90. Blanchette CM, Simoni-Washila L, Shava F et al: Health care use in de-
pressed, elderly, cardiac patients and the effect of antidepressant use. 
Am J Health Syst Pharm, 2009; 66: 366–72

 91. Glassman A: Depression and cardiovascular disease. Pharmacopsychiatry 
2008; 41: 221–25

 92. Thombs BD, de Jonge P, Coyne JC et al: Depression screening and pa-
tient outcomes in cardiovascular care: a systematic review. JAMA, 2008; 
300: 2161–71

 93. Swenson JR, Doucette S, Fergusson D: Adverse cardiovascular events 
in antidepressant trials involving high-risk patients: a systematic review 
of randomized trials. Can J Psychiatry, 2006; 51: 923–29

 94. Holmes SD, Krantz DS, Rogers H et al: Mental stress and coronary ar-
tery disease: a multidisciplinary guide. Prog Cardiovasc Dis, 2006; 49: 
106–22

 95. Taylor CB, Youngblood ME, Catellier D et al: Effects of antidepressant 
medication on morbidity and mortality in depressed patients after myo-
cardial infarction. Arch Gen Psychiatry, 2005; 62: 792–98

 96. Maes M, Mihaylova I, Kubera M et al: Lower plasma Coenzyme Q10 in 
depression: a marker for treatment resistance and chronic fatigue in 
depression and a risk factor to cardiovascular disorder in that illness. 
Neuro Endocrinol Lett, 2009; 30(4): 462–69

 97. Maes M, Mihaylova I, Kubera M et al: Increased 8-hydroxy-deoxyguano-
sine, a marker of oxidative damage to DNA, in major depression and my-
algic encephalomyelitis / chronic fatigue syndrome. Neuro Endocrinol 
Lett, 2009; 30(6): 715–22

 98. Kovaru H, Pav M, Kovaru F et al: Cell signalling in CNS and immune 
system in depression and during antidepressant treatment: focus on gli-
al and natural killer cells. Neuro Endocrinol Lett, 2009; 30(4): 421–28

Review Article Med Sci Monit, 2011; 17(9): RA205-214

RA214


