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Abstract

Background: Myocardial infarction (MI) can have significant physical and mental consequences. Depression is a prevalent psychiatric
condition after MI which can reduce the quality of life and increase the mortality rates of patients. The link between depression and poor
cardiac outcomes has prompted clinical trials investigating the impact of treating depression on both outcomes.

Methods: In this paper, we discussed about post Myocardial infarction depression, its Prevalence, pathophysiologic mechanisms, such as
neurobiological mechanisms of post-MI depression, Hypothalamic-pituitary-adrenal axis and autonomic nervous system, environmental
factors, like lack of social support, lifestyle changes, economic status and health related anxiety.

Results: By 2030, depressive disorders are projected to become the first leading cause of disease burden in high-income countries and the
second leading cause globally. Depression is prospectively linked to negative cardiac outcomes, regardless of other cardiovascular risk
factors. In individuals who are initially healthy, depression is correlated with a greater likelihood of developing heart disease compared to
those without depression.

Conclusion: We have concluded that several factors including the dysregulation of the autonomic nervous system and Hypothalamic-
pituitary-adrenal axis, various environmental factors, and genetics can be contributed to the correlation between Myocardial infarction and
depression.
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Introduction

Depression in patients with cardiovascular disease is independently associated with progression of heart disease, major adverse cardiac
events, and mortality. [1] Depression is a highly prevalent mental health disorder that exerts considerable economic and social burdens. [2]
It is estimated that over 300 million individuals worldwide (4.4%) are affected by depression, with higher prevalence rates among females
(5.1%) compared to males (3.6%). Furthermore, the incidence of depressive disorders tends to increase with age, impacting over 7.5% of
females and 5.5% of males aged over 55 years. [3] Projections indicate that by 2030, depressive disorders are expected to emerge as the
leading cause of disease burden in high-income countries and the second leading cause globally. [4]

Myocardial infarction (MI), recognized as the most severe form of ischemic heart disease (IHD), can lead to numerous physical and mental
health challenges. Depression is one of the most common psychological responses following MI. [5] A recent meta-analysis involving over
12,000 M1 patients revealed that approximately 29% experienced depression. [6] This post-MI depression can adversely affect quality of life
and increase patient mortality. [7] Additionally, it is associated with a 2 to 2.5-fold heightened risk of cardiovascular complications. [8] In
this brief communication, we aim to explore post-MI depression and its underlying pathophysiological mechanisms in patients with cardiac
disease.
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Materials and Methods

Prevalence of post MI depression

Heart disease accounts for over 30% of annual deaths globally. [9]
Among individuals with coronary artery disease (CAD), depression is
prevalent, with approximately 30% exhibiting elevated depressive
symptoms, and 15% to 20% fulfilling the criteria for major depressive
disorder. [10] This prevalence is 2 to 3 times greater than that observed
in the general population. Similarly, the incidence of depression is
notably high among patients with heart failure. [11]

Depression is prospectively linked to adverse cardiac outcomes,
independent of other cardiovascular risk factors. In initially healthy
individuals, depression is associated with a higher incidence of new-
onset heart disease compared to those without depression. [12] Among
individuals with pre-existing cardiac conditions such as coronary artery
disease [13], recent acute coronary syndrome [14], and those who have
undergone coronary artery bypass graft surgery [15], depression is
independently correlated with elevated rates of recurrent events and
mortality. Given the extensive evidence connecting depression to
negative outcomes in patients with acute coronary syndrome (ACS), the
American Heart Association has recognized depression as an
independent risk factor for poor prognosis following ACS. [14]
Similarly, depressed patients with heart failure (HF) experience
increased healthcare utilization, more frequent hospitalizations, and
higher mortality rates, regardless of HF severity. [11] Additionally,
depression is associated with a higher recurrence of atrial fibrillation.
[16]

Furthermore, depressive symptoms are frequently chronic and recurrent
among patients with heart disease, with those experiencing untreated or
inadequately treated depression being at a higher risk for adverse
outcomes, including increased mortality. [17] Conversely, some
observational studies suggest that treating depression is associated with

improved outcomes and reduced rates of cardiovascular mortality.
[18] The mechanisms linking depression to negative cardiac
outcomes are likely multifactorial, encompassing both
physiological and behavioral factors. [19] The prevalence of
depression and its influence on prognosis in individuals with
cardiovascular disease (CVD) underscore the potential benefits of
effectively treating depression to enhance quality of life and
possibly prevent adverse cardiac outcomes. While the association
between depression and heart disease is well established,
significant practical questions remain regarding the safe and
effective management of depression in this population. Various
strategies have been employed to address depression in patients
with heart disease; however, the evidence regarding the efficacy
and clinical impact of these approaches on both psychiatric
symptoms and cardiac-related morbidity remains conflicting [20].

Pathophysiologic
depression

mechanisms of post MI

1. Neurobiological mechanisms of

depression

post-MI

Despite its prevalence, post- MI depression is frequently
overlooked as a mere emotional response to physical illness.
Furthermore, emerging evidence indicates that depression itself is
a significant risk factor for MI. This study aims to illuminate the
pathways linking MI and depression by outlining potential
pathophysiological mechanisms. Table-1 presented an updated,
comprehensive overview of the relationship between post-Ml
depression and various factors, including dysregulation of the
hypothalamic-pituitary-adrenal (HPA) axis and autonomic
nervous system, dysfunction of the coagulation system,
inflammation, and genetic factors. [21]

Table — 1 Neurobiological mechanisms of post-MI depression [21]
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In Table-1, HPA, hypothalamic-pituitary-adrenal; SA, sympathetic-
adrenomedullary; TNF-a: tumor necrosis factor-alpha, interleukin 6 (IL-
6), interleukin 1 (IL-1), C-reactive protein (CRP), LDL, low-density
lipoprotein; HDL, high-density lipoprotein; PVCs, premature ventricular
contractions; GP lIb/llla, glycoprotein 1lb/Illa; GP 1b/1X, glycoprotein
Ib/IX; BDNF, brain-derived neurotrophic factor; tPA, tissue-type
plasminogen activator; PAI-1, plasminogen activator inhibitor-1;
DAMPs, damage-associated molecular patterns; MI, myocardial
infarction; CVD, cardiovascular disorders.

2. Hypothalamic-pituitary-adrenal axis and autonomic
nervous system

Myocardial infarction triggers multiple consequential responses,
including activation of the hypothalamic-pituitary-adrenal (HPA) axis
and dysregulation of the autonomic nervous system. These effects,
illustrated in Figure—1, may lead to selective dysfunction in the prefrontal
cortex and anterior cingulate gyrus, which can contribute to the
development of depression. [22]

Emotional Stress after
=" Myocardial Infarction

Myocardial Infarction

e

Persistent
HSPs 1 HMGB1

/ Upregulation of
HPA axis and SA
a System
X J
3 sy S T .= ) DAMPs 3 ”
0 de s
Activated Immune cells /

Altered
Neurotransmitters \
l — Production and
Metabolism
Pro-inflammatory ——— Inflammatory
. Y Response NMDA- Depression

Cytokine Release
Receptor e —

TNFa IL-6  IL-1B Agonist

Figure-1 showed the possible role of inflammatory response and
hypothalamic pituitary axis as possible mechanisms in post-Ml
depression. Myocardial infarction leads to a lack of oxygen and the
release of damage-associated molecular patterns (DAMPS), such as high-
mobility group box 1 (HMGBL) and heat shock proteins (HSPs). These
DAMPs activate immune cells, such as macrophages, which phagocytose
the damaged tissue and release pro-inflammatory cytokines, such as
interleukin-1f (IL-1p), interleukin-6 (IL-6), and tumor necrosis factor-a
(TNF-a), leading to an inflammatory response. Inflammation can lead to
depression through 3 mechanisms including: (1) altering the production
and metabolism of neurotransmitters, (2) increased production of N-
methyl-D-aspartate (NMDA) receptor agonist and, (3) decreased levels of
brain-derived neurotrophic factor (BDNF). Myocardial Infarction also
cause emotional stress which activates the hypothalamic-pituitary-adrenal
(HPA) axis and sympathetic-adrenomedullary (SA) system and can cause
altered metabolism and production of neurotransmitters, leading to
depression. HPA, hypothalamic-pituitary-adrenal; SA, sympathetic-
adrenomedullary; DAMPs, damage-associated molecular patterns;
HMGB1, high-mobility group box-1; HSPs, heat shock proteins, TNF-a,
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tumor necrosis factor-alpha, interleukin 6 (IL-6), Interleukin 1B
(IL-1B), NMDA, N-methyl-D-aspartate; BDNF, brain-derived
neurotrophic factor.

A recent study on post- M1 patients found an immediate increase
in cortisol levels due to the activation of the HPA following Ml,
which returned to baseline within 72 hours. No significant
differences were observed between morning and afternoon
cortisol levels in individuals with post-MI depression. However,
patients experiencing depression for more than three months
exhibited a markedly flattened daily cortisol secretion rhythm. In
contrast, post-MI patients without depression showed
significantly lower afternoon cortisol levels compared to morning
levels. Abnormalities in cortisol rhythm have been associated
with cognitive impairment and diminished stress-coping
capabilities, potentially heightening the risk of depressive
symptomatology. [22] Additionally, emotional stress related to
post-MI  depression can activate the  sympathetic-
adrenomedullary system, which, together with HPA axis
activation, may lead to serotonin dysregulation and contribute to
the persistence of depressive symptoms. [23]

3. Environmental factors

Various lifestyle and environmental factors have been recognized
as potential contributors to the onset of post-MI depression.
These include inadequate social support, challenges in
implementing lifestyle changes, financial stress, and health-
related fears and anxiety. [24]

3.1. Lack of social support

A deficiency in social support or an inadequate support system
has been associated with a heightened risk of post-myocardial
infarction (MI) depression. Insufficient emotional or practical
assistance from family, friends, or healthcare providers can
intensify feelings of isolation, sadness, and distress. Conversely,
robust social support can enhance individuals' ability to cope with
the emotional difficulties encountered after an MI. [25]

3.2. Lifestyle changes

Post-myocardial infarction (MI), patients are frequently
encouraged to undertake substantial lifestyle changes, including
adopting a nutritious diet, participating in regular exercise,
ceasing smoking, and minimizing alcohol intake. Challenges in
initiating and sustaining these lifestyle modifications, coupled
with the persistence of unhealthy habits such as physical
inactivity, poor dietary practices, smoking, and excessive alcohol
consumption, are linked to an increased risk of post-Ml
depression. These detrimental behaviors can not only exacerbate
physical health outcomes but also impair mood regulation and
foster a negative emotional state. [26]

3.3. Financial stress

Financial stress stemming from medical costs, income loss, or the
inability to work following a MI can significantly contribute to
the onset of post-MI depression. Such financial challenges often
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exacerbate feelings of anxiety, worry, and uncertainty about future
stability, thereby adversely affecting mental health and overall well-
being. [24]

3.4. Health-related anxiety

Following a myocardial infarction (MI), individuals often experience
health-related anxiety characterized by concerns about recurrent
cardiac events, apprehension regarding physical activity, and
hypochondriacal tendencies. Such anxieties can exacerbate emotional
distress, promote avoidance of exercise, and diminish overall quality
of life, which may, in turn, facilitate the onset of depression. [27]
Furthermore, various additional factors can intensify these
environmental influences and play a significant role in the emergence
of post-MI depression. Noteworthy among these are pre-existing
mental health disorders, particularly a history of anxiety or
depression, as well as complications encountered during
hospitalization. [28]

4. Genetic factors

Recent Mendelian randomization (MR) studies have revealed a

significant link between genetic predisposition to depression and
an increased risk of cardiovascular disease (CVD) and
myocardial infarction (MI). Depression driven by genetic factors
also elevates the likelihood of heart failure and small-vessel
stroke, with long-term effects on Ml risk. [29] Both genetic and
environmental influences contribute to the development of
depression after MI. For instance, a variant of the serotonin
transporter gene (5-HTTLPR) has been associated with a higher
risk of post-MI depression, as well as poorer responses to
antidepressants. [30] Additionally, patients with a family history
of depression or those experiencing high stress during an Ml are
at greater risk of developing depression post-MI. A review by
[31] suggested that the elevated risk of thromboembolic events in
individuals with depression and CVD may be linked to the
increased sensitivity of serotonin receptors (5-HT2A/1B) and
decreased function of serotonin transporter (5-HTT) receptors.
The S allele of the 5-HTT gene has been correlated with
depressive symptoms and cardiac events. Although these
findings point to a genetic role in post-MI depression, the
disorder is multifaceted, necessitating further research to fully
explore its genetic mechanisms and potential therapeutic targets.
[32]

Figure-2 Biological Mechanisms and Behavioral Mediators Linking Depression and Cardiovascular Disease
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5. Biological Links between Depression and
Cardiovascular Disease

Various biological mechanisms have been suggested to account for
the poor prognosis in patients with cardiovascular disease (CVD) and
depression. These mechanisms include lifestyle factors, autonomic
dysfunction, neuroendocrine dysregulation, inflammation, insulin
resistance, and heightened platelet reactivity Figure-2. Notably,
these systems exhibit significant functional overlap and interaction
in the regulation of both cardiac and neuropsychiatric processes [33].

Diagnosis and treatment of post MI depression

Depression is frequently undiagnosed and untreated among
individuals with cardiovascular disease. Research indicates that
fewer than 25% of cardiac patients with major depression receive a
diagnosis, and only about half of those diagnosed receive appropriate
treatment. Several factors contribute to this issue: (a). The overlap of
symptoms such as fatigue and insomnia between depression and
heart disease; (b). The misconception among both patients and
healthcare providers that depression is a normal reaction to heart
conditions; (c). Patients' reluctance to disclose depressive symptoms;
(d). Physicians' hesitancy to inquire about depression, and (e).
Concerns regarding the potential side effects of prescribing
antidepressants in cardiovascular patients. [34]

Management of post MI depression

Psychosocial ~ Treatment

treatment)

(non—pharmacological

Cognitive-behavioral therapy (CBT) is the most effective
psychosocial treatment for depression following a myocardial
infarction. It emphasizes active patient participation and focuses on
five key elements: environment, thoughts, emotions, behavior, and
physiology. CBT encourages patients to modify controllable
stressors in their environment. Physicians can address both valid and
erroneous beliefs about post-myocardial infarction care, such as the
fear that physical activity may lead to sudden death. By correcting
these misconceptions, they can improve treatment adherence and
foster a positive outlook. Encouraging reasonable participation in
exercise, hobbies, and cardiac rehabilitation, as well as teaching
relaxation techniques, can help reduce anxiety. Involving family
members in the rehabilitation process is crucial, as they often share
similar feelings of helplessness and depression. Educating families
and providing resources can enhance their supportive role in
recovery. [1]

Pharmacologic Treatment

When choosing a pharmacological treatment for depression
following myocardial infarction, both efficacy and adverse effects
are critical factors. Generally, there is minimal difference in the
effectiveness of antidepressants for mild to moderate depression;
however, their side effect profiles vary significantly. The cardiac
implications of frequently prescribed antidepressants are
noteworthy. Over the past twenty years, selective serotonin reuptake
inhibitors (SSRIs) have become the primary choice for treating mild

International Journal of Medical Sciences and Nursing Research 2024;4(3):15-21

moderate depression. Unlike tricyclic antidepressants (TCASs),
SSRIs have been shown to be safe and exert minimal influence
on cardiovascular function, even in overdose scenarios. They do
not affect fast sodium channels or conduction pathways and lack
proarrhythmic or antiarrhythmic properties. A comparative
study demonstrated that the discontinuation rate due to
cardiovascular events was substantially higher in patients taking
nortriptyline, a relatively tolerable TCA with low cholinergic
activity, compared to those on paroxetine (7 out of 40 vs. 1 out
of 41). Furthermore, the study indicated a statistically significant
rise in pulse rates both in supine and standing positions among
subjects receiving nortriptyline. [35]

Conclusion

Several factors contribute to the correlation between myocardial
infarction and depression, including dysregulation of the
autonomic nervous system, the hypothalamic-pituitary-adrenal
axis, various environmental influences, and genetic factors. The
co-occurrence of these conditions can significantly affect the
quality of life for individuals impacted by both. Depression and
cardiovascular diseases share numerous biological mechanisms
and behavioral mediators, as indicated by the bidirectional
arrows, which illustrate the vicious cycle of deteriorating health
outcomes that may arise from depression in patients with
cardiovascular disease, exacerbated by negative lifestyle and
socioeconomic factors. The prevalence of depression and its
influence on prognosis in individuals with cardiovascular disease
(CVD) underscore the potential benefits of effectively treating
depression to enhance quality of life and possibly prevent
adverse cardiac outcomes. Notably, depression often goes
undiagnosed and untreated in this population. Several studies
have investigated the efficacy of psychotherapy for treating
depression in heart disease patients, with cognitive behavioral
therapy (CBT) being the most extensively researched. When
considering  pharmacological treatments for depression
following myocardial infarction, careful selection is crucial.
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