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ABSTRACT
The comorbidity between cardiovascular disease (CVD) and depression has been observed for many years. Several biological and behavioral
hypotheses have been proposed to explain this comorbidity. However, the underlying common mechanisms are still unclear. Evidence suggests
a bidirectional relationship between depression and CVD. Inflammation has been implicated in the etiology of both depression and CVD. In this
review, we aim to increase awareness for CVD and depression comorbidity and provide some insights about the possible role of inflammation.
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1. INTRODUCTION
Major depressive disorder (MDD) is one of the most common
psychiatric disorders and a leading cause of disability worldwide
which is characterized by depressed mood, anhedonia,
impaired cognitive, motor, and physiological functions,
feeling of worthlessness or excessive or inappropriate guilt,
and recurrent thoughts of death (1). The specifiers of MDD
according to DSM-5 (Diagnostic and Statistical Manual of
Mental Disorders 5th Edition) are severity, anxious distress,
mixed features, melancholic features, psychotic features,
peripartum onset, seasonal pattern (2). When the depressive
symptoms do not meet the criteria for MDD, it is called
subthreshold depression (3). Subthreshold depression has a
considerable impact on the quality of life of patients and may
be considered as a risk indicator of MDD (4).
Despite advances in neuroscience research, the pathophysiology
of MDD has not been elucidated. The results of tremendous
amount of research are consistent with a multifactorial etiology.
Some of the suggested pathophysiological mechanisms are
biological amine hypothesis, genetic and environmental
factors, increased inflammation, the hypothalamic-pituitaryadrenal (HPA) axis abnormalities, decreased neurogenesis,
and neuroplasticity (5).
Depression is associated with a significantly increased risk of
cardiovascular morbidity and mortality (6). Cardiovascular
diseases (CVD) and MDD are among the leading health
problems worldwide (7, 8). It is known that CVD and MDD
are the two most common causes of disability in high-income
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countries and are expected to become so for countries of
all income levels by 2030 (9). A recent population-based
cohort study demonstrated that depression was associated
with incident CVD, myocardial infarction, non-cardiovascular
death, and all-cause mortality in economically diverse
settings, especially in urban areas (10). Approximately 3540% of patients with CVD report depressive symptoms
and depressive individuals have a 1.5 times higher risk of
developing CVD than non-depressed controls (11). Many
large-scale prospective studies have shown that MDD and
even subthreshold depressive symptoms are an independent
risk factor for CVD (9, 12-14). Standardized depression
screening strategies should be provided in patients with
CVD because early identification and optimal management
of depression might improve health outcomes for these
patients (15).
2. DEPRESSION AS A RISK FACTOR FOR CVD
The comorbidity between CVD and depression has been
observed for many years, and studies argue that this
relationship is bidirectional (16). In 1967, Wynn stated
the relationship between unwarranted emotional stress
and ischemic heart disease (17). The relationship between
depression and CVD has been studied since the 1980s.
In a cohort study included individuals with no history of
ischemic heart disease or other serious medical illnesses at
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baseline, depressed affect and hopelessness were related
to increased risk of fatal and nonfatal ischemic heart disease
(18). The INTERHEART study conducted in 52 countries
found that current smoking, raised Apolipoprotein B/
Apolipoprotein A1 ratio, history of diabetes, hypertension,
and psychosocial factors (depression, perceived stress, and
life events) were the strongest risk factors for myocardial
infarction (19). The Framingham Study reported a direct
association between depressive symptoms and all-cause
mortality over 6 years of follow-up (20). A study assessed the
prevalence of depression in patients with acute myocardial
infarction (AMI) found that 19.8% of the patients were
diagnosed with MDD according to the structured interview,
and 31.1% of these patients were found to have clinically
significant depressive symptoms according to the Beck
Depression Inventory (21). AMI is associated with a previous
hospitalization for depression and this association cannot
be explained by confounding from known risk factors for
AMI (22). In a ten-year follow-up study conducted with the
clinically depressed patients and their matched community
controls found that depressed patients had almost twothirds higher risk for physical illness, including cardiac
problems compared to controls (23).

nervous system activity, low heart-rate variability, elevated
catecholamine levels, endothelial dysfunction, platelet
dysfunction, increased inflammatory activity, sedentary
behavior, smoking, poor adherence to medication and diet
(9, 16, 29) (Figure 1). In recent years, the studies focused
on the role of the immune system in the etiology of MDD
and have shown increased pro-inflammatory cytokines in
MDD (30-32). Similarly, the role of inflammation in CVD has
attracted considerable attention and it has been determined
that systemic inflammation has an important role in the
development, progression, and prognosis of CVD (33).
Atherosclerosis is not considered as a simple “lipid
deposition disease” anymore. For the past few decades, it
has been known that atherosclerosis is a lipid-driven disease
characterized by low-grade chronic inflammation of the
arterial wall (34). Targeting of inflammatory processes might
be beneficial in attenuating myocardial and arterial injury,
reducing disease progression, and promoting healing (35).
Atheromatous plaque development, plaque rupture, and
thrombus formation are the main components of this
process. Deposition of low-density lipoprotein (LDL) particles
in the sub-endothelial layer activates inflammation, causing
the attraction of monocytes to atherosclerotic plaque and
transformation of monocytes into tissue macrophages
(36,37). Macrophages transform into foam cells by
phagocytosing lipoprotein particles (36), foam cells maintain
inflammation and destabilize the extracellular matrix and
endothelial layer (38). As a result of inflammation, procoagulant factors are stimulated, and it also increases the
production of plasminogen activator inhibitor 1 (PAI1), one of
the main endogenous inhibitors of thrombus and fibrin (39).
In this vicious cycle of inflammation, extracellular matrix
destruction, and expansive remodeling gradually increase
plaque growth and eventually cause acute plaque rupture
and acute coronary syndrome (39). C-reactive protein
(CRP), fibrinogen, tumor necrosis factor-alpha (TNF-α),
interleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-7 (IL-7),
and interleukin-8 (IL-8) levels are high in myocardial infarction
or unstable angina (29, 40). Chronic low-grade inflammation
is a known risk factor for diabetes and cardiovascular disease,
which is highly comorbid with depression (41).

The Whitehall II study also stated that depression and increased
resting heart rate are independent risk factors for death from all
causes (24). In particular, anhedonia symptom of depression is
the most strongly associated with cardiac events and mortality
after AMI and the risk of CVD increased by 2.5 times in the
year after the onset of MDD episode (25). A meta-analysis
included prospective cohort studies evaluating the association
between depression and the risk of CVD demonstrated that
the depressed participants had an increased risk of 30% for
CVD (26). Also, this association remained significant after the
results were adjusted for the potential confounding factors.
Furthermore, a study included young people who had a parent
with depression but no personal history of depressive illness,
found that the participants with a family history of depression
had higher cardiovascular risk compared to healthy controls
(27).
In 2014, the American Heart Association (AHA) announced
that despite the heterogeneity of published studies
depression is an independent risk factor for negative
outcomes in patients with acute coronary syndrome (13).
3. THE POSSIBLE
COMORBIDITY

ROLE

OF

INFLAMMATION

IN

The relationship between CVD and depression can be
evaluated in three ways: First; these two conditions are
comorbid, second; depression increases the risk of CVD or
vice versa. Third; depression is an important indicator of poor
prognosis in patients with CVD (28).
While the comorbidity between CVD and depression is
well known, the underlying common mechanisms are
still unclear. Several biological and behavioral hypotheses
have been established including altered autonomic
Clin Exp Health Sci 2020; 10: 462-467

Figure 1. Biological and behavioural mechanisms linking depression
and CVD
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The CANTOS study addressed the inflammatory hypothesis
in a large cohort of CVD patients, comparing the anti-IL-1β
human monoclonal antibody, canakinumab, and placebo
(42). Canakinumab provided a 15% decrease in major
cardiovascular events, regardless of LDL levels. However, in
another study where inflammation was targeted with lowdose methotrexate, no decrease in IL-1β, IL-6, and CRP levels
was observed with treatment (43). Anakinra treatment, an
IL-1 receptor antagonist, reduced high-sensitivity CRP (hsCRP) levels in patients with acute MI (44).

The normal CRP level in healthy people is below 3 mg / L.
While CRP is between 3-10 mg / L in low-grade inflammation,
the levels above 10 mg / L are generally associated with
underlying infection, malignancy, or inflammatory disease
(53).
While CRP analyzes can detect above 3 mg / L levels, hsCRP can detect values as low as 0.1 mg / L (53). hs-CRP has
been studied for CVD for many years and is considered an
important marker for cardiovascular risk assessment and
treatment decision. Thus, The American Heart Association
and the Center for Disease Control and Prevention have
recommended the measurement of hs-CRP for screening
cardiovascular risk. According to this recommendation, hsCRP <1 mg / L is associated with low risk, 1-3 mg / L moderate
risk and > 3 mg / L high risk (54). CRP is not only a predictive
marker but also plays a role in the development of the lesion
with its pro-inflammatory and pro-atherogenic effects by
activating the complement system through complement C1q
and contributes to the destabilization of the fibrotic layer
of atheroma and plaque rupture by stimulating the matrix
metalloproteinase-1 (MMP-1) by macrophages (52).

The accumulating data suggest that cytokines contribute to
the pathophysiology of both MDD and CVD, and inflammation
is one of the underlying mechanisms in this comorbidity (16,
29, 45, 46).
In 2013, the inflammasome hypothesis of depression and
related comorbid systemic diseases has been suggested as
a linking pathway by Iwata et al. (47). The Nod-like receptor
protein 3 (NLRP3) pathway has been evaluated in the
pathogenesis of both MDD and CVD; however, the possible
bridge role of NLRP3 in this comorbidity has not been
investigated so far (48).

A meta-analysis conducted in 2009 showed that IL-1, IL-6,
and CRP levels are elevated in patients with depression (55).
In a follow-up study with 1 794 participants, it was observed
that there is a strong relationship between depression and
IL-6, CRP, and soluble intercellular adhesion molecule 1 and
they predict CVD disease development (56). It is thought
that inflammation and depression are risk factors in terms
of CVD and hs-CRP has a role in the pathophysiology of
CVD and depression, although sometimes inconsistent
results have been found in studies. hs-CRP is an important
inflammatory marker while discussing CVD and depression
comorbidity with its common use in cardiology clinics and its
increasing importance in psychiatric diseases. A large-scale
study demonstrated that psychological stress and depression
are associated with increased CRP levels and that higher CRP
levels were associated with hospitalization for depression
(57).

A 20-year cohort study assessed the cardiac events associated
with depression and its interaction with hypertension,
diabetes, dyslipidemia (49) As a result they stated that the
association between depression and a cardiac event cannot
be explained by the effects of these other cardiovascular risk
factors.
Psychosocial stress is frequently addressed in both CVD and
depression. Chronic stress alters the balance in the autonomic
nervous system, causes sympathetic system dominance, and
decreased vagal tone (29). Decreased vagal tone contributes
to a pro-inflammatory status (29). Stress hormones and
certain pro-inflammatory substances are released from
macrophages and microglia and tryptophan upregulates
rate-limiting enzymes in the metabolic pathway. This
enzymatic upregulation stimulates the kynurenine pathway
and results in the formation of neurotoxic metabolites.
Inflammation is already observed in cardiac, cardiovascular,
and cerebrovascular pathologies regardless of the presence
of depression. Inflammation is closely related to endothelial
dysfunction, which is important in atherosclerosis (29).

A prospective study showed that higher CRP levels did not
predict depressive episodes; however, it emphasized that
higher CRP levels were observed with recurrent depressive
episodes (58). A study conducted with 6005 people in
Finland, found that Beck Depression Inventory (BDI) scores
were correlated with high CRP levels in both men and women
(59). In a study examining the relationship between risk
factors and inflammatory markers in cardiovascular diseases,
in the presence of a diagnosis of depression, hs-CRP and IL-6
levels were found to be significantly higher than in patients
without a diagnosis of depression (60). A large-scale study
showed that depression and anxiety disorders scores were
correlated with hs-CRP levels, and this relationship was more
pronounced in men (61).

In recent years, studies have shown that anti-inflammatory
treatment strategies including non-steroidal antiinflammatory drugs (NSAIDs), cytokine inhibitors, statins
are beneficial in improving symptoms in both CVD and
depression (50).
4. THE POSSIBLE USE OF HS-CRP IN COMORBID
DEPRESSION AND CVD
C-reactive protein (CRP) is a member of the pentraxin family,
it is released by hepatocytes largely in response to IL-6 and
other inflammatory cytokines (51). It increases within 4-6
hours after acute tissue damage or inflammation, the halflife is 19 hours and returns to normal levels within days (52).
Clin Exp Health Sci 2020; 10: 462-467

After the results were adjusted for other risk factors, such
as age, obesity, smoking, body mass index, lipid profile, this
relationship remained significant in men but not in women.
According to a recent meta-analysis, the prevalence of
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low-grade inflammation (CRP >3 mg/L) in depression is 27%,
the prevalence of elevated CRP (>1 mg/L) in depression is
58% (62). Also, higher levels of CRP at baseline are associated
with an increased risk of depression in subsequent follow-ups
(62). Also, the recent studies found that CRP levels showed a
significant decrease with antidepressants (63, 64). However,
some other meta-analysis has demonstrated no significant
effects of antidepressants on CRP levels (65).
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5. CONCLUSION
Despite the growing amount of literature on the CVD
and depression comorbidity, more studies are needed to
understand the underlying mechanisms. This is important
for screening, early identification, and treatment of
comorbid CVD and depression. Also, the initiatives should
aim at improving health outcomes in those with CVD and
/ or depression. hs-CRP, as a well-known biomarker in the
cardiology practice, holds promise as a psychiatric biomarker
as well. hs-CRP might be useful for identifying the risk groups.
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