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Abstract: The strong association between acute myocardial infarction (AMI) and major depression disorder
(MDD )is a universally accepted. Patients with AMI complicated by MDD often have poor prognosis. Most
early studies focused on how AMI leads to MDD, but there are few reports on depression-induced AMI. In
terms of mechanism, inflammation, the hypothalamic-pituitary-adrenal axis (HPA axis) and brain-gut axis
may be involved in the occurrence and development of MDD after AMI. The inflammatory injury, abnormal
sympathetic and vagal nerve activity, HPA axis overactivation, overeating and some therapeutic medicine
administration in patients with MDD can also be risk factors for AMI. Both behavioral and pharmaceutical
interventions are important for the treatment of AMI with MDD. More drugs are being developed and
tested. At present, there are still many issues, needing to be addressed, in the diagnosis, pathogenesis,
intervention strategies and therapeutic drugs for AMI with MDD. To aid clinical diagnosis and treatment,
this review classifies the existing studies on AMI complicated with MDD, and also includes some of our
considerations.
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1. Introduction

Estimated 17.5 million people die from heart disease per year, of which, acute AMI and its
complications account for a large proportion [1]. Clinical statistics show a strong bidirectional association
between MDD and AMI [2]. Among people at risk of AMI, the prevalence of MDD is high; about one in five
patients have already suffered from MDD at the time of angiography, which indicates that a large proportion
of patients had MDD prior to AMI [3,4]. Statistic shows symptoms of MDD doubled the risk for AMI [5].

Studies have found that patients with AMI are three times more likely to suffer from MDD than people
without AMI, and patients with MDD after AMI tend to have worse clinical outcomes [6, 7]. Better
understanding of mechanisms underlying AMI concomitant with MDD will shed light for clinical treatment
(Figure 1). This review appraises updated studies of AMI and MDD, and summarizes the current main

intervention strategies.

https://www.sciltp.com/journals/ijddp
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Figure 1. The pathophysiological mechanism of interaction between MDD and AMI. After AMI, (1) Inflammatory
cytokines (TNF- o, IL-6. IL-17A) are released and cross the blood-brain barrier, thus leading to MDD. (2) The
overactivity of HPA axis lead to massive release of cortisol, and cause MDD. (3) Inflammation factors cause the
disorder of intestinal mucosal damage flora, which leads to the disorder of gut-brain axis and result in MDD. Among
the people suffering from MDD, (1) Excessive activation of sympathetic nerve causes myocardial cell damage. (2)
Reduced vagus nerve activity leads to reduced acetylcholine release, which cause the loss of cardiovascular protection.
(3) The overactive HPA axis produces excessive glucocorticoids, resulting in high cardiac load and vascular
destruction. (4) A large number of inflammatory factors and macrophage infiltrate, resulting in myocardial destruction.

(5) Certain behaviors, such as overeating, during MDD are also risk factors for AMI..

2. Mechanisms of Association between AMI and MDD
2.1. Mechanism of MDD after AMI

2.1.1. Inflammatory Response

Many studies have shown that the inflammatory response is an independent factor leading to MDD after

AMI [8, 9]. The number of monocytes and neutrophils were increased in the blood of AMI patients.
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Inflammatory pathways were activated in AMI patients; the plasma concentration of TNF-a, IL-6, IL-17A, IL-
12P70 and C-reactive protein were also increased [10-12], which constitute the pathophysiological basis of
MDD. After AMI, large amounts of inflammatory cytokines cause destruction of the blood brain barrier
(BBB), and induce central nerve inflammation, which leads to MDD [7]. The hypothalamic paraventricular
nucleus (PVN) region is the center of autonomic cardiovascular regulation, which is more likely to be
affected by BBB leakage after AMI [7]. Interestingly, although myocardial infection and AMI share a similar
inflammatory process, myocardial infection does not have a significant impact on MDD [13].

2.1.2. Disturbance of the Hypothalamic-Pituitary-Adrenal (HPA) Axis

HPA axis can enhance sympathetic nerve activity, and MDD is associated with changes in the HPA axis.
Hypothalamic neurons can secrete adrenocorticotropin-releasing hormone (CRH), and CRH further promotes
the release of adrenocorticotropic hormone (ACTH) in the anterior pituitary, thus promoting the
adrenocortical synthesis of serum cortisol and other glucocorticoids [14]. Studies have shown that patients
with AMI often also have HPA axis dysfunction, resulting in dysregulation of the cortisol spectrum and
hyperfunction of the HPA axis [15, 16]. After AMI, due to the stimulation of stress response and various
inflammatory mediators, hypothalamus neurons secrete CRH, and the anterior pituitary releases ACTH to
promote the synthesis of glucocorticoid by adrenal gland. If this persists, it will lead to the overactivity of the
HPA axis and cause MDD.

2.1.3. Damage of Intestinal Mucosa and Imbalance of Intestinal Flora

Growing evidence indicates that the gastrointestinal microbiome is associated with anxiety and
depressive disorders. The mechanisms of action may relate to anxiety and MDD pathophysiology through
signalling peripheral inflammation to the brain [17]. The microbiome can regulate brain physiology via the
gut-microbiota-brain axis [18]. Acute AMI disturbs intestinal flora because of inflammatory factors, psycho-
physiological effects and dysfunction of the HPA axis [19]. Alterations in gut microbiome composition could
increase the permeability of the gut barrier; activate systemic inflammation and immune responses; regulate
the release and efficacy of monoamine neurotransmitters; alter the activity and function of the HPA axis; and
modify the abundance of brain-derived neurotrophic factor (BDNF). BDNF plays an important role in MDD
through its neurotrophic effect [20]. All these factors eventually lead to MDD [21,22].

2.2. Mechanism of MDD Inducing AMI
2.2.1. Sympathetic Overactivation

The excessive activation of the sympathetic nervous system in patients with MDD is an important
mechanism in the progression of cardiovascular disease [23]. Studies have confirmed that depressed patients
show increased sympathetic activity, such as increased cardiac sympathicotonus [24]. At the cellular level,
chronic sympathetic activation increases oxidative stress and triggers apoptotic pathways. Sustained release
or sudden spikes in catecholamine levels also increase risk of cardiac complications, such as arrhythmias and
sudden cardiac death, thereby exacerbating myocardial injury [25]. This theory was also proved by the
reduced heart rate variability (HRV) in MDD patients. It is well known that a lower HRV is associated with a
higher incidence of anxiety, MDD and cardiovascular mortality, while a higher HRV is associated with better
cardiovascular function and endurance of stress [26]. This autonomic dysfunction is associated with an
increased risk of heart disease in MDD and increased mortality from heart disease [27]. A study by Rakhshan
showed that low ischemic tolerance of the heart could be blocked by sympathetic nerve transection, which
also suggested that sympathetic overactivation in depressed patients plays an important role in depression-
induced AMI [28].

2.2.2. Decreased Vagus Nerve Activity

MDD is associated with reduced vagal nerve activity. Evidence suggests a causal relationship between
vagus function and MDD; vagus dysfunction can affect AMI tolerance [29]. On the contrary, vagus nerve
stimulation can increase acetylcholine in the cardiac interstitium [30,31]; acetylcholine can dilate myocardial
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coronary vessels and alleviate injury caused by myocardial ischemia [32,33].

Muscarinic (M2, M3) receptors may contribute to the protective effects of vagal activity and
acetylcholine. Antagonism or knockdown of M2, M3 receptors confirms their involvement in the protection
of cardiomyocytes [34, 35]. Vagus nerve stimulation (VNS) can also reduce neutrophil invasion and decrease
inflammatory marker secretion in the myocardium after ischemia [36]. VNS has been identified as a potential
therapy for cardiovascular disorders, including cardiac arrest and acute myocardial infarction. A recent study
showed that non-invasive electrical stimulation of the vagus nerve through the skin offers a simple alternative
to the established method of vagus nerve stimulation [37]. Despite considerable evidence illustrating the
correlation between MDD and reduced vagal nerve activity, and the mechanism of cardiac protection via
vagal activity, no study has yet demonstrated that reduced vagal activity aggravates AMI in models of MDD.

2.2.3. Overactivation of the HPA Axis

Hyperactivity of the HPA axis can lead to psychiatric disorders, such as MDD and anxiety disorders
[38]. The HPA axis tends to be more active in depressed patients, leading to oversecretion of glucocorticoids
and adrenal catecholamines [39]. Glucocorticoids can act directly on the cardiovascular system, causing
positive inotropic effects, high blood pressure, and high cardiac output [40, 41]. In addition, levels of
inflammatory factors in the serum of depressed patients were much higher than that of normal subjects; these
inflammatory factors include IL-6, eicosane, platelet activating factor and serotonin [42].

Studies also found that MDD can induce insulin resistance, further promoting hyperglycemia. It is well
known that both hyperglycemia and insulin resistance reduce infarct tolerance and aggravate injury [43].

2.2.4. Inflammation Factors

MDD can cause inflammatory cell infiltration, activation of inflammatory signals, and upregulation of
TLR4 and NF-«B in chronic stress, MDD models, all these factors exacerbate myocardial injury [44,45].
Evidence showed that chronic stress-induced MDD can also increase macrophage infiltration; this would
increase the growth and vulnerability of atherosclerotic plaques, which can easily lead to thrombosis, thus
accelerating the occurrence of infarction [46]. As an important inflammatory mediator, 5-HT plays a dual role
in promoting platelet aggregation and arterial vasoconstriction; it is considered to be involved in the process
of AMI and MDD in many studies. Phosphatidylcreatine-phospholipase (PI-PLC) has the potential to mediate
platelet activation through 5-hydroxytryptamine (5-HT) and 5-HT2AR [47], which leads to blood
agglutination and is prone to induce AMI [48]. There has also been controversy with the administration of
antidepressants because antidepressants can raise serum concentration of 5-HT. Depressed patients may be
more prone to thrombosis, which may lead to heart attacks [49].

2.2.5. Behavior of Depressed Patients

Certain behaviors of patients with MDD also have an important impact on heart disease. Low mood in
MDD patients may lead to overeating and lack of exercise [50]. Psychological stress, overeating and lack of
exercise will result in obesity and diabetes, which will lead to cardiovascular events.

3. Medicine and Intervention Measures for AMI with MDD

Because of the strong association between AMI and MDD, the use of medicine is necessary for patients
with MDD or AMI. For patients with AMI, appropriate medications can reduce inflammation and depressive
symptoms after M1, resulting in a better prognosis. For patients with MDD, timely application of appropriate
drugs can also greatly reduce the possibility of subsequent AMI.

Tricyclic antidepressants (TCAs) and monoamine-oxidase inhibitors (MAOIs) have been discouraged
because of their cardiotoxic side effects [31,51]. Drugs that both improve cardiovascular disease and MDD
are relatively rare. With deepening understanding of the interactions and mechanism between MDD and AMI,
more candidate drugs are assessed for their efficacy in both AMI and MDD. We classified current studies on
available marketed drugs in Table 1.
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Table 1. Pharmacodynamics study of marketed drugs on AMI and/or MDD.

Adaptation
Name (S)tbu;:i/ ¢ Dé:;;i? Mechanisms Target
MDD)
Pento(t};;(;?)r oline Rats MDD Anti-inflammatory PVN (Igrrae‘;::;:;uclggeil;d PFC
Minocyline Rats Both Anti-inflammatory
Trimetazidine Rats Both Anti-inflammatory Regulate 5-HT and SERT in serum
Xinxin pill Rats Both Anti-inflammatory Regulate 5-HT and SERT in serum
Sertraline Rats Both Anti-inflammatory Regulate 5-HT and SERT in serum
Aspirin Human MDD Anti-inflammatory
Ginkgolides Rats Both Anti-inflammatory STAT-3 pathway
Fluoxetine Human MDD Anti-inflammatory and antioxidant
Paroxetine Human Both Inhibit (r}elierztE)(r}l?iLO;:;né; oupled
B-blockers Human MI Prevent apoptosis and neoplasia
Zuranolone ~ Human MDD Regulate central nervous system GABAA signal pathway

3.1. Available Marketed Drugs

Among marketed drugs, pentotheobroline (PTX) was found to prevent the increase of pro-inflammatory
cytokines in the paraventricular nucleus (PVN) and prefrontal cortex (PFC) in the female rat plasma. It also
limits the decrease of brain-derived neurotrophic factor (BDNF), thus alleviates AMI induced depression-like
behavior [52]. Minocycline, an antibiotic that inhibits microglial activation and inhibits pro-inflammatory
cytokines, can alleviate systemic inflammation, heart failure, and depressive-like behavior after AMI in rats
[53]. Trimetazidine is a cardiometabolic drug that regulates 5-HT, 5-HT2AR and SERT in serum and platelets
of rats, and has certain antidepressant effects after AMI [54]. Both xinxin pill and sertraline can improve the
level of 5-HT2AR and SERT in serum and platelet in rats with AMI and MDD [55].

Apart from animal experiments, statistics of clinical data showed that the use of aspirin and other
nonsteroidal anti-inflammatory drugs (NSAIDs) can reduce MDD and anxiety scores [56]. Patients taking
sertraline can reduce adverse cardiovascular events, but the long-term effects were not significant [57].
Ginkgolides reduce the level of inflammatory cytokines through the STAT-3 pathway, which has great
advantages in the treatment of MDD after AMI, and may have a potential effect on patients with post-MI
MDD [58]. In a small, randomized, double-blind placebo-controlled trial, the antidepressant fluoxetine was
shown to be effective in the treatment of major MDD for three months after AMI [59]. The mechanism of
fluoxetine action may be antioxidant and anti-inflammatory [60]. Another randomized, double-blind, placebo-
controlled study in patients with AMI found that paroxetine improves cardiac function after AMI by
inhibiting G protein-coupled receptor kinase 2 (GRK2), and it is also a widely used antidepressant [61].
Excessive B-adrenergic receptor activity promotes apoptosis and neoplasia; B-blockers have also become the
main treatment for patients with coronary heart disease/AMI [62-64]. Zuranolone (Sage-217 /BIIB125) is an
active neurosteroid GABAA receptor positive alteration modulator. A randomized, double-blind, placebo-
controlled phase III trial found that Zuranolone had better efficacy and safety compared with placebo in adult
women with severe postpartum MDD (PPD) [64].

3.2. Developing Medicines and Strategies.

Kai-xin-san reduced depression-induced matrix metalloproteinases (MMPs) expression at mRNA and
protein levels; the inhibition of MMPs signaling pathway plays an antidepressant and cardiac protective role
[65]. In addition, ginsenosides (GFS) have been shown to inhibit 5S-HT transporters, thereby inhibiting 5-HT
reuptake and improving post-MI depressive behavior [66]. TNF inhibitors were found to improve depressive
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symptoms and reduce the risk of cardiovascular events [7]. Two probiotics, Helveticus R0052 and
Bifidobacterium R0175, improved symptoms of post-MI MDD by repairing the damaged intestinal barrier
and reducing pro-inflammatory factor production [67]. The treatment of human umbilical cord mesenchymal
stem cells (HUC-MSCs) can significantly improve the cardiac function of depressed mice after AMI. It
reduced myocardial fibrosis and depressive behavior [68].

3.3. Daily Behavior Intervention

Numerous studies have shown that exercise can reduce MDD after AMI, and the effect is more
significant in women [5]. Smoking cessation reduces the risk of MDD after AMI [69]. As a practical and non-
invasive psychological therapy, eye movement desensitization therapy (EDMR) can effectively improve the
symptoms of MDD in patients with AMI [70].

4. Conclusion and Perspectives

Post-MI MDD is also often difficult to detect; among patients who have MDD after AMI, only 25% or
less are finally diagnosed with MDD. This is because doctors and patients tend to interpret post-MI MDD as
a transient and natural response to life-threatening events, and therefore underestimate the condition, resulting
in poor prognosis of patients with post-MI MDD [7].

In conclusion, current literature has demonstrated the involvement of inflammation; HPA axis
dysfunction; sympathetic and vagus nerve disorder; imbalance of intestinal flora; patient behavior; and drug
side effects. However, the mechanisms behind the correlation between AMI and MDD are complicated and
still far from being articulated. Further studies should consider both pathological and psychological factors.
This will involve systematic investigation of the heart, peripheral nerves and central nerves. Treatment of
AMI complicated with MDD requires more attention from the scientific community. Additional RCTs are
needed, including evaluation of non-pharmacologic therapies, such as exercise, to examine the effects of
treatment of AMI with MDD on medical and psycho-social outcomes. The current prevailing treatment
approach is through drugs and lifestyle changes. For patients with MDD after AMI, it is necessary to carry
out timely and proper treatment, which can greatly improve patient prognosis. For patients with MDD, early
prevention of AMI is crucial.
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