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The public health sector faces a huge challenge as a result of the high prevalence and burden of disability caused by ischemic cardio-
cerebrovascular disease (CVD) and depression. Although studies have explored the underlying mechanisms and potential therapies
to address conditions, there is no treatment breakthrough, especially for depression which is highly influenced by social stressors.
However, accumulating evidence reveals that CVD and depression are correlated and share common risk factors, particularly
obesity, diabetes, and hypertension. They also share common mechanisms, including oxidative stress (OS), inflammation and
immune response, cell death signaling pathway, and microbiome-gut-brain axis. This review summarizes the relationship
between ischemic CVD and depression and describes the interactions among common risk factors and mechanisms for these
two diseases. In addition, we propose that OS mediates the crosstalk between these diseases. We also reveal the potential of
antioxidants to ameliorate OS-related injuries.

1. Introduction

Epidemiological data indicate that cardio-cerebrovascular
diseases (CVD) and depression pose a huge global disease
burden. The Global Burden of Disease 2016 (GBD 2016)
study showed that CVD were the number one reason of years
of life lost (YLLs) globally [1], whereas GBD 2017 demon-
strated that stroke and ischemic heart disease (IHD) had
the highest mortality and disability-adjusted life-years
(DALYs) in China in 2017 [2]. Also, GBD 2017 reported that
major depressive disorder was the third cause of years lived
with disability (YLDs) after low back pain and headache dis-
orders [3]. Therefore, there is a need to understand the
underlying mechanisms and find effective therapies to con-
trol CVD and depression. A previous study demonstrated
the relationship between cardio-cerebrovascular ischemia
and depression [4] and clarified the vital role of oxidative

stress (OS) in the pathogenesis of these two prevalent diseases.
However, howOS works and its relationship with other mech-
anisms still remain unclear and there is little compelling evi-
dence showing depression can cause ischemic CVD via some
clear mechanisms, although many studies proved depression
acting as a dependent or independent risk factor for ischemic
CVD [5]. Herein, this review summarizes studies in the last
five years and focuses on the risk factors and mechanisms
of ischemic CVD and depression. It explores the central role
of OS in the connection between the two diseases in detail,
aimed at finding emerging targets in future therapies.

2. Overview of Cardio-
Cerebrovascular Ischemia

Ischemic CVD are diseases caused by a lack of blood supply
because of changes in blood vessels or blood flow, leading
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to multiple organ dysfunction and even death. The main
types of ischemic CVD are cerebral ischemic stroke and
IHD. But it is widely known that the main pathophysiology
of IHD is coronary blood flow reduction caused by coronary
artery atherosclerosis [6]; therefore, the term “coronary heart
disease (CHD)” is often used to describe this syndrome.
Thus, this review focuses on cerebral ischemia and CHD. In
this section, their prevalence, common risk factors and
mechanisms are discussed. Moreover, either ischemic stroke
or CHD gives rise to depression.

2.1. Overview of Ischemic Stroke. Of all strokes, ischemic
stroke accounts for 87%, and the remaining 13% are hemor-
rhagic strokes. According to the GBD 2016, there were about
80.1 million cerebrovascular patients worldwide, among
whom 67.6 million had an ischemic stroke and 2.7 million
died [4]. Generally, ischemic stroke symptoms manifest as
sudden confusion or difficulty in speaking and sudden facial
numbness and weakness of limbs [7, 8]. The high prevalence
and disability associated with this condition are tightly asso-
ciated with the risk factors and pathophysiological mecha-
nisms, which are discussed in the next sections. As for risk
factors, approximately 90% of them are health-related (such
as high systolic blood pressure (BP), obesity, hyperglycemia,
and hyperlipidemias), whereas 74% are behavioral risk fac-
tors and 29% are air pollution risk factors [4]. When it comes
to mechanisms, they are associated with abnormal cell
metabolism, cellular dysfunction, and various pathological
events (such as immune responses, inflammatory reactions,
apoptosis, and OS) [9, 10]. These often lead to the incomplete
blood-brain barrier (BBB), loss of cell integrity, acute neuro-
nal death, and early/secondary brain injuries [11].

Diseases of postischemic stroke including motor and sen-
sory deficits, aphasia, and psychological distress affect
patients’ recovery to a large extent [12]. According to previ-
ous studies, one-third of stroke survivors experience depres-
sion, anxiety, or apathy. A systematic review and meta-
analysis covering 50 studies revealed the prevalence of
depression among stroke survivors to be 29% (95% confi-
dence interval (CI) 25-32) [13]. In another meta-analysis
covering 61 observational studies, the pooled frequency esti-
mate of poststroke depression (PSD) was 31% (95% CI 28-
35), though the proportional frequency varies across studies
[14]. Moreover, in women, a prior history of depression
and major physical disability was a significant predictor of
PSD occurring within the first six months [15]. Taken
together, cerebral ischemic stroke is a prevalent intractable
disease with complicated mechanisms and it has a close rela-
tionship with depression, requiring effective prevention and
treatment for both.

2.2. Overview of Cardiac Ischemia. Similar to ischemic stroke,
CHD has a high incidence and some common risk factors
and mechanisms at the cellular and tissue level. Data showed
that CHD accounted for 43.2% of CVD deaths in 2016,
including more than 3.6 million people in the United States
[4]. In terms of risk factors, despite the variations in popula-
tions (e.g., age, sex, country of origin, and ethnic groups), tra-
ditional risk factors include unhealthy dietary, high systolic

BP, high total cholesterol (TC) level, and high fasting plasma
glucose level [16, 17]. Nevertheless, near 80% of CVD could
be prevented after maintaining the levels of three risk factors
mentioned above [18]. And a seventeen-year follow-up study
showed that 64% female and 45% male CHD deaths could
have been prevented by avoiding hypertension, smoking,
and high TC (≥240mg/dL) [19]. When it comes to mecha-
nisms, the pathogenesis of ischemic stroke occurs in CHD
patients who have extra biological defects, including cardiac
autonomic dysfunction, endothelial and platelet dysfunction,
and elevated catecholamine levels. These activities result in
cardiac malfunctions and depression [5]. Different from the
incidence of PSD, approximately 20% of CHD patients have
major depression, and another 20% have minor depression at
any given point in the course of their illness [5]. To sum up,
CHD is a multifactor disease with complex mechanisms and
its relationship with depression requires further studies.

3. Overview of Depression

Depression is a mental state characterized by a pessimistic
sense of inadequacy and a despondent lack of activity, affect-
ing a fairly large population worldwide. Nearly a fifth of the
world’s population experience one episode of depression at
some point in their life, and the World Health Organization
(WHO) predicted that this disease would rank the first as
the cause of disease burden by 2030 [20]. Major symptoms
of depression include low mood, anhedonia, poor appetite
and sleep, feelings of worthless, and having suicidal thoughts.
Unlike ischemic CVD, risk factors related to depression
include psychosocial stressors and biological factors. The
former involves factors like poor financial situation, marital
status, and life events; the latter have genetic and gender pre-
disposition and other health conditions like obesity [21] and
diabetes [22]. Mechanism underlying depression includes the
monoamine hypothesis, hypothalamic-pituitary-adrenal axis,
inflammation, neuroplasticity, neurogenesis [20], and OS
[23–26]. Recently, inflammation and neurogenesis hypotheses
have gained more acceptances [27, 28].

As mentioned above, ischemic CVD leads to depression
with an incidence rate of one-third in patients after stroke
and one-fifth in CHD patients. In fact, depression can
increase the risk for ischemic CVD; that is, depressed people
are more likely to have stroke or CHD than nondepressed
individuals. A 12-year follow-up study reported that depres-
sion causes a 2-fold increase in odds of stroke [29]. The
results were supported by another study that showed an
enhanced risk of cerebral ischemia in depressed subjects in
a meta-analysis [30], and Booth et al. found that patients
experiencing stressful life events had a 33% increased risk
of total stroke in another meta-analysis [31]. Five meta-
analyses reported a 60-80% increased risk of CHD in partic-
ipants with depression [5], although there were different
diagnostic questionnaires and criteria included in the studies.
In summary, depression, a frequently occurring disease has a
bidirectional relationship with ischemic CVD and partially
shares common risk factors (such as obesity and diabetes)
and mechanisms (such as inflammation and OS) with
CVD, providing a new direction for future research.
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4. Common Risk Factors among Ischemic CVD
and Depression

Studies have documented that obesity, diabetes, and hyper-
tension are common risk factors for stroke, CHD, and
depression. Progression of the diseases in relation to those
factors involves overactivation of OS; this is discussed in
the next section.

4.1. Obesity. Obesity is defined by WHO as Body Mass Index
(BMI) greater than 30 kg/m2. Obesity is a serious public
health problem in modern society, with an increasing pro-
portion of the obese population in developed and developing
countries by years. Studies have confirmed that obesity is a
complicated disease that increases the risk of chronic diseases
such as CVD, diabetes, and depression. In particular, experi-
ments have demonstrated that obesity as a state of chronic
inflammation with amplified OS plays a role in the occur-
rence of ischemic stroke [32, 33], and a nationwide
population-based study concluded that obesity, especially
the metabolically unhealthy type, raised the risk of stroke
[34]. Besides ischemic stroke, obesity is considered as an
independent risk factor for cardiovascular disease. However,
recent epidemiological data have revealed a growing interest
in “obesity paradox” theory; that is, overweight and mildly
obese individuals may have a decreased or similar outcome
of mortality compared with their normal-weight counter-
parts after CVD has been established, despite the increased
risk of developing CVD in the obese. This theory stresses
the importance of classifying obesity when talking about
obesity-related diseases [35, 36]. Similar to the effect of obe-
sity on CVD, there was a significant association between
obesity and depression andmore severe depressive symptoms
were observed in the obese group compared with a normal-
weight group, based on a meta-analysis of 18 studies that
enrolled 51,272 participants [37]. Therefore, obesity is asso-
ciated with ischemic CVD and depression. After investigating
the mechanisms of obesity in these disorders, a vast array of
data from human studies have indicated that there are com-
plex pathological processes influenced by environmental,
genetic, and epigenetic interactions [38]. Mechanisms like
inflammation and gut-brain axis which are involved in the
pathogenesis and OS (Figure 1 A) also play a crucial role [39].

4.2. Diabetes. Diabetes is a variable carbohydrate metabolic
disorder caused by a combination of genetic and environ-
mental factors, usually characterized by insufficient secretion
or utilization of insulin. The International Diabetes Federa-
tion (IDF) recently reported that about 425 million adults
worldwide suffered from diabetes in 2017. China has the larg-
est number of diabetic patients (114.4 million) in the world.
As a serious chronic disease, diabetes causes many complica-
tions and increases the risks of acquiring other diseases,
including ischemic CVD and depression, if not managed.
Diabetes contributes to ischemic CVD. After correction for
other risk factors, diabetics have more than double the risk
of ischemic stroke compared to nondiabetics, and stroke
accounts for approximately 20% of deaths in diabetics [40–
42]. Also, prediabetics and the duration of diabetes increase

stroke risk [7]. Dysregulation of metabolism in diabetes
adversely affects vascular wall, and this causes vascular dys-
function, making patients more prone to atherosclerosis; this
significantly increases their risk of myocardial infarction
(MI) and CHD [43]. The findings are supported by an obser-
vation of a cohort CVD study with 71,745.4 person-years,
showing that diabetes had a significant impact on the residual
lifetime risk of CHD in middle-aged men and women [44].
Diabetes promotes the onset and progression of depression.
People with diabetes (either type 1 or type 2) are twice
likely to have depression compared to nondiabetics [45].
This is explained by two possible mechanisms. The first
one is the psychosocial burden of chronic disease [46],
whereas the second one is connected to biochemical
changes in diabetes, such as inflammatory and psychoneur-
oendocrine mechanisms [47, 48]. Presently, diabetes affects
a large population worldwide and has connections with
both CVD and depression.

The underlying mechanisms explaining this relationship
are similar to those of obesity. The brain is susceptible to glu-
cose, and the risk of stroke increases by OS through complex
mechanisms [49, 50], and diabetes worsens results of acute
coronary syndrome due to overactivation of OS [43]. Recent
studies have proved that reducing OS response via antioxi-
dant treatment is able to ease the depressive-like behavior
caused by diabetes [51] and implicated gut microbiota as a
commonmechanismmediated by OS in diabetes and depres-
sion [23, 52]. In conclusion, diabetes is an important risk fac-
tor for ischemic CVD and depression, and its pathogenesis is
closely related to OS (Figure 1 B).

4.3. Hypertension. Two recent studies published in The Lan-
cet on hypertension control in high-, middle-, and low-
income countries revealed an increasing trend of hyperten-
sion prevalence over time [53]. It is widely acknowledged that
high BP is one of the most important risk factors for stroke
and heart disease [54]. Several studies have demonstrated a
significant increase in the risk of depression in hypertension
patients. In cases of stroke, there is a strong, direct, linear,
and continuous relationship between high BP and stroke risk
[7]. The mechanism of ischemic stroke caused by hyperten-
sion has been relatively clear, among which OS (Figure 1 C)
occupies an important position [55]. When considering heart
disease, detailed studies over the past few decades have iden-
tified hypertension as a leading cause of CHD, especially
myocardial ischemia. Importantly, the formation of athero-
sclerotic plaques, associated with OS, was involved in many
processes, from the classic chain reaction of hypertension
to the development of CHD and myocardial ischemia [56].
Parallel to CVD, depression has links with high BP. A Dutch
study showed that depressed elderly patients with higher BP
showed more symptoms of apathy than the controls with
normal BP [57]. A Latin American study illustrated that
even after adjusting for many potential confounders, hyper-
tension was an independent predictor of depressive symp-
toms among Mexican community-dwelling elders [58]. In
short, hypertension is another important common risk fac-
tor for the mentioned illnesses and OS also takes part in
the pathological processes.
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5. The Inherent Connection between Risk
Factors and Mechanisms of Ischemic CVD
and Depression

This section provides a brief overview of the common mech-
anisms associated with ischemic CVD and depression,
describes the inherent connection among risk factors, patho-
logical changes, and the two disorders, and identifies the cen-
tral role of OS in the network (Figure 1). In recent years, these
mechanisms mentioned earlier including OS, inflammation
and immune response, cell death signaling pathway, and
microbiome-gut-brain axis can be mediated by OS.

5.1. Oxidative Stress and Antioxidative System. Oxidation-
reduction is beneficial for physiological functions under
normal conditions, and imbalanced redox resulting from
excessive productions of free radicals (FR) and weakened
antioxidative defenses can cause multiple pathological path-
ways, inducing mitochondrial dysfunction and destruction
of homeostasis. Excess production of reactive oxygen species
(ROS), especially mitochondrial ROS (mitoROS) produced
by mitochondrial respiration, is detrimental to body health.
Redundant mitoROS exert an adverse effect on metabolic
pathways, such as molecular oxidation and impairment of
ATP synthesis [59]. Subsequently, there is intracellular ionic
imbalance and activation of intracellular proteases, lipases,
and ribonucleases due to energy deficits, which is fatal to cells
and organs. Moreover, overactive Nicotinamide Adenine
Dinucleotide Phosphate (NADPH) oxidase (NOX) can bring
an excess of superoxide [60] and hydroxyl radicals and ions
to aggravate injuries [61]. In contrast, reduced antioxidant

levels are negatively correlated with prognosis in some dis-
eases like CVD and depression. Since nonenzymatic sub-
stances (e.g., melatonin and ursolic acid) can detoxify ROS
[62], and antioxidant enzymes (e.g., superoxide dismutase)
and catalase (CAT) have effects on scavenging superoxide
radicals; declined levels of those antioxidants negatively affect
health in varying degrees [63, 64]. Inhibition or lack of
nuclear factor erythroid 2-related factor (Nrf2) which recog-
nizes the antioxidant response element (ARE) and protects
cells from ROS accumulation may increase injury to patients;
however, this can be reversed by administration of antioxi-
dants [65], such as dimethyl fumarate and monomethyl
fumarate [66]. It is therefore not surprising that alterations
in OS and anti-OS levels are found in ischemic CVD and
depression as discussed earlier.

Oxidative stress can independently and directly affect
stroke, CHD (Figure 1 D) and depression (Figure 1 E). After
cerebral ischemia induction, energy expenditure in the brain
can promote OS activity resulting in DNA damage and
molecular peroxidation. For example, a case-control study
about cerebral ischemia presented a significant association
between elevated ROS and low mitochondrial DNA
(mtDNA) in peripheral blood leukocytes [67]. Another bio-
marker is oxidized low-density lipoprotein (oxLDL) whose
increase revealed a worse prognosis [68] and a higher preva-
lence of cognitive impairment in stroke survivors than the
controlled group [69]. Moreover, ROS impede blood circula-
tion and destroy the epithelium by affecting the blood vessels,
hence triggering their overreaction to contractile agents, with
observations of increased platelet aggregation, endothelial
cell permeability, and focal endothelial cell lesions [70, 71].
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Figure 1: The role of OS associated with common risk factors and mechanism for ischemic CVD (stroke and CHD) and depression. A–C
Obesity, diabetes, and hypertension promote the development of ischemic CVD and depression by increased OS and decreased anti-OS
reactions. Moreover, this phenomenon can be reversed by using antioxidants. D OS independently affects stroke via mtDNA, oxLDL, and
epithelium and affects CHD via Sirt1/Nrf2 pathway, p38 MAPK pathway, NF-κB/p65 pathway, and PKCα/β2 pathway. E OS facilitates
depression by NOX1-derived ROS and prooxidative and proinflammatory events. F Overactive OS contributes to depression, while
administrating antioxidants ameliorates depressive symptoms by using gallic acid and green tea in stroke, as well as n-3 PUFA and statins
in CHD. G Ischemic patients develop depression through inflammatory reactions. H OS can interact with inflammation through common
molecules, such as GSK-3 and NLRP3 inflammasome. I A cascade of reactions in postischemic depression, when OS influences apoptosis
through the Bcl-2/Bax pathway and mitochondrial dysfunction in J. K Microbiome-gut-brain axis contributes to the progression of
depression in objects with ischemic CVD by impacting the immune system and brain activity as well as by spreading diseases through the
enteric nervous system. L Studies have found the role of OS in promoting abnormal protein aggregation, brain lesions, and gut dysbiosis
in this axis.
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In CHD, OS may contribute to vascular epithelial injury via
the Sirt1/Nrf2 and p38 MAPK pathways [72], as well as the
NF-κB/p65 pathway [73]. Moreover, NOX activation facili-
tates the initiation and progression of coronary artery disease
(CAD) through the PKCα/β2 signaling pathway [74]. Similar
mechanisms involving active OS action also happens in
depression. Studies indicate that NOX1-derived ROS induces
the oxidation of NMDA receptor 1 (NR1) in the prefrontal
cortex to facilitate depressive-like behaviors [75], whereas a
longitudinal study suggests a cascade of prooxidative and
proinflammatory events in the development of depression
[76].

Furthermore, OS acts as a link between ischemic CVD
and depression (Figure 1 F). There is a positive correlation
between an elevated serum malondialdehyde (MDA) level
at admission and an increased risk of depression after acute
stroke, especially minor stroke [77]. Nevertheless, antioxi-
dants can attenuate this correlation. Gallic acid [78], Hyperi-
cum androsaemum L. [79], and green tea induce a reduction
in depressive symptoms and OS, restoring normal behavior
and antioxidant endogenous defenses [80]. Similarly, greater
depressive symptoms related to higher OS can be treated
using omega-3 polyunsaturated fatty acid (n-3 PUFA); this
mitigates OS and thus improves depression in CAD patients
[81]. Also, the use of statins reduces the risk of depression in
individuals after a heart attack, supporting the role of oxida-
tive and inflammatory processes in depression [82].

To sum up, OS directly influences the pathogenesis of
ischemic CVD or depression through various signaling path-
ways, and it also acts as a link between ischemic CVD and
depression. Of note, anti-OS may open the door to rational
and novel therapies for the two diseases.

5.2. Oxidative Stress and Risk Factors. As mentioned above,
OS has relations with the three risk factors of CVD and
depression and this section provides an in-depth discussion.

5.2.1. Obesity. Animal and human studies have identified the
relationship between obesity and OS (Figure 1 A). Cerebral
ischemia in gerbil study revealed that therewere elevated levels
of OS indicators (dihydroethidium and 8-hydroxyguanine (8-
OHdG)) and reduced levels of antioxidant enzymes (super-
oxide dismutase (SOD1) and SOD2) in the obese gerbils
compared to nonobese, both in pre- and postischemic
phases. But this obesity-induced oxidative damage could be
attenuated by pretreated fucoidan which had antioxidant
properties [83]. In CHD, research suggests that obese
patients with myocardium are more susceptible to ischemia
compared to nonobese people, with enhanced levels of ROS
and ROS-producing enzymes (i.e., p47phox, xanthine oxi-
dase) and reduced antioxidant activity (mitochondrial alde-
hyde dehydrogenase and heme oxygenase-1) [84]. In
depression, obese mice fed with high-fat diet had severe
depressive behaviors, which could be reversed by ondanse-
tron treatment via restoration of brain prooxidant/antioxi-
dant balance [85] and by allicin via activation of the Nrf2
pathway [86]. Apart from preclinical investigations, human
studies have indicated that postpartum depression affects
one in seven women, and obese women have an increased

risk of depression through neurooxidation and neuronitrosa-
tion [87, 88].

5.2.2. Diabetes. Diabetes can affect ischemic CVD and
depression via OS, and antioxidant therapy possibly
improves these conditions (Figure 1 B). Whereas a study
emphasized the protection of glucagon-like peptide 1 (GLP-
1) agonists against oxidative and apoptotic damage in a dia-
betic mouse model [89], another study supported the role
of metformin in improving neurological functions and OS
status via the AMPK/mTOR signaling pathway in acute
stroke patients with type 2 diabetes [90]. In heart disease, a
clinical trial enrolling 3766 adults with prevalent diabetes
mellitus illustrated that increased levels of 8-oxo-2′-deoxy-
guanosine, a biomarker of oxidative DNA damage, were
independently associated with elevated cardiovascular
mortality [91]. In depression, recent studies have proposed
that one possible mechanism linking diabetes and depres-
sion was the increase in lipid peroxidation and decrease in
antioxidant activity in the hippocampal and prefrontal
cortices, which are the areas of the brain associated with
mood [92, 93].

5.2.3. Hypertension. Altered levels of antioxidants and oxida-
tive biomarkers have demonstrated the role of OS in ische-
mic or depressed patients with hypertension (Figure 1 C).
In salt-loaded stroke-prone spontaneously hypertensive rat
(SHRSP), OS from multiple sources affected its stroke sus-
ceptibility [94]. However, curcumin could delay the occur-
rence of stroke and improve the survival of SHRSP through
decreasing ROS levels as well as improving endothelium-
dependent relaxation of the carotid artery via uncoupling the
protein 2 signaling pathway [95, 96]. In heart disease, studies
found that pomegranate peel extract may alleviate CHD
caused by hypertension by reducing coronary angiotensin-
converting enzyme (ACE), OS, and vascular remodeling [97],
which also occurs in linagliptin [98]. In patients with depres-
sion and hypertension, there are decreased glutathione
peroxidase-1 (GPx-1) and SOD-1 activities but increased
concentrations of MDA and H2O2, in comparison with the
controls [99]. These results have revealed the role of OS in risk
factors for CVD and depression to a full extent.

5.3. Oxidative Stress and Other Mechanisms. Many studies
have shown the involvement of several mechanisms in
CVD and depression, including inflammatory and immune
response, apoptosis and autophagy, and microbiome-gut-
brain axis. Although all can affect disease independently,
they may act as a link between the two diseases and may
interact with OS or other signaling pathways to aggravate
the diseases.

5.3.1. Inflammation and Immune Response. Inflammatory
processes and immunoreaction participate in the patho-
genesis of ischemic stroke [100], CHD [101], and depression,
and they have common molecules with OS. Inflammation
and immune reactions exist in ischemic CVD and depres-
sion. Initiated by stagnant blood flow after ischemic stroke,
activation of intravascular leukocytes and the release of
proinflammatory mediators trigger inflammation which
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decreases the integrity of the BBB leading to the release of
danger-/damage-associated molecular patterns (DAMP)
from injured neurons. This in turn induces the production
of cytokines like interleukin- (IL-) 1β and tumor necrosis fac-
tor (TNF). Such a process then feeds back into the inflamma-
tory cascade via cytokine and chemokine, thereby causing
great damages [102]. In ischemic stroke survivors, Ferrarese
et al. observed peak levels of TNF-α at day 1 and IL-6 and
TNF-α at day 4, as well as a long-lasting activation of these
two cytokines in peripheral blood cells [103]. Innate and
adaptive immune responses also occur in ischemia, accompa-
nied by the activation of microglia [104], neutrophils, T cells,
and B cells [105]. Elsewhere, multiple human translational
and preclinical studies have revealed that inflammation facili-
tates thedevelopmentof atherosclerosis andevokes immunor-
eactions via the releaseof cytokines, suchasTNF-α, IFN-γ, and
IL-6 [106]. Similar to ischemic CVD, numerous studies have
suggested that inflammatory and immune processes occur in
depression. For example, higher IL-6, IL-18, and C-reactive
protein (CRP) levels have been found in depressed individuals
[107, 108]. Moreover, a study indicated that assembly of the
inflammasome can act as a key point between the inflamma-
tion and immune activities [109], and depression was shown
to be in connection with proinflammatory activation of the
peripheral innate immune system with relative inactivation
of the adaptive immune system [110].

Inflammation and immune response may be a link
between ischemic CVD and depression (Figure 1 G). These
mechanisms facilitate the progression of depression in
patients after ischemic CVD. For instance, a 2-year prospec-
tive study showed that depression was prevalent in patients
after ischemic stroke, and IL-6 was positively correlated with
the risk of PSD [111]. As for CHD subjects, results conveyed
elevated levels of inflammation, manifested as higher levels
of CRP, IL-6, and plasma vascular endothelial cell growth
factor (VEGF), in CHD patients with depression under the
condition of hypothalamic-pituitary-adrenocortical (HPA)
axis hypoactivity and activation of the kynurenine pathway
[112]. On the contrary, animals receiving Resolvin D1 which
is a metabolite of n-3 PUFA that can diminish neutrophil
accumulation in the ischemic myocardium showed
decreased depression-like symptoms via better performance
in the forced swim tests [113]. This mechanism increases the
risk of ischemic CVD among depressed individuals [5].

Oxidative stress can mediate inflammatory and immune
activities in the mentioned diseases (Figure 1 H). In cerebral
ischemia, ROS leads to the phosphorylation of glycogen syn-
thase kinase 3 (GSK-3) which inhibits nuclear translocation
of element-binding protein (CREB) and Nrf2-ARE pathway,
leading to elevated levels of proinflammatory and inflamma-
tory cytokines [114, 115]. Besides, oxidative damage to plate-
lets and endothelial cells is also involved in the inflammatory
response, with overactive leucocyte activities [116]. Similarly,
in depressed individuals, OS took part in inflammatory reac-
tions by activating NOD-like receptor protein 3 (NLRP3)
inflammasome to activate IL-1β and IL-18 [117].

5.3.2. Cell Death Signaling Pathway.What is generally known
is that the cell death signaling pathway is closely associated

with the development of ischemic CVD and depression,
and it relates to OS. Firstly, cell death, especially apoptosis
and autophagy, is frequently observed in the two disorders.
The receptor-interacting protein 1 kinase- (RIP1K-) medi-
ated necroptosis contributes to neuronal and astrocytic cell
death in ischemic stroke via the autophagic-lysosomal path-
way [118], and the p53-dependent pathway and the
calpain-caspase-3 pathway play a part in apoptosis of neural
cells [119, 120]. In comparison, endothelial progenitor cells
facilitate coronary atherosclerotic heart disease via autoph-
agy and activation of the mTOR signaling pathway [121].
However, myocardial cathepsin D can protect against cardiac
remodeling and malfunction through promoting myocardial
autophagic flux [122], and Phellinus Linteus Mycelium
(PLM) alleviates myocardial ischemia-reperfusion by sup-
pressing proapoptotic signaling and regulation of autophagic
signaling [123]. Similar to ischemic CVD, cell death signaling
has been observed in depression. The TNF-like weak inducer
of apoptosis (TWEAK) induces apoptosis in resident brain
cells in the cortex and hippocampus to cause lupus-
associated neurobehavioral deficits including depression
and cognitive dysfunction [124], whereas chronic stress
induces depressive-like behavior and hippocampal neuropa-
thology by regulating autophagy via the PI3K/Akt/mTOR
signaling [125].

Secondly, cell death may link ischemic CVD and depres-
sion (Figure 1 I), although evidence for this comes from few
studies. In a bilateral internal carotid artery occlusion mouse
model, cerebral ischemia causes depressive-like behaviors
through the caspase-8/9-dependent neural cell apoptosis
[126]. In patients with acute myocardial infarction comorbid
with depression, escitalopram may directly confer cardio-
protection by inhibiting proapoptotic pathways [127].

Thirdly, OS mediates the cell death signaling pathway,
especially apoptosis, to affect the mentioned diseases
(Figure 1 J). Several studies have shown that ROS could stim-
ulate apoptosis, necrosis, and their combined pathway in
ischemia [128], possibly by mediating antiapoptotic protein,
B cell lymphoma-2 (Bcl-2), and the proapoptotic apoptosis
regulator, Bcl-2-associated X protein (Bax) protein [129].
Furthermore, OS mainly correlates with intrinsic apoptosis.
After OS-induced mitochondrial dysfunction, the released
cytochrome c (Cytc) binds to the apoptotic protease to
form apoptosomes, contributing to DNA damage and apo-
ptotic cell death [129]. Similar to mechanisms in ischemia,
caspase-9 is activated and apoptosome is formed to induce
apoptosis in depressed animals [130]. In terms of autoph-
agy, it has been reported that excessive ROS adjusts the
transcriptional regulatory mechanisms in the nucleus to
promote autophagy, but the underlying mechanisms are
not well known [131].

5.3.3. Microbiome-Gut-Brain Axis. Recent studies have
focused on the microbiome-gut-brain axis. The microbiome-
gut-brain axis plays a role in either ischemic CVD or depres-
sion. It has been reported that after stroke, intestinal dysbiosis
not only alters the immune balance of the small intestine with
an increase in regulatory T cells and a reduction in interleu-
kin- (IL-) 17-positive γδ T cells but also suppresses
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trafficking of effector T cells from the gut to the leptome-
ninges [132, 133]. In the myocardial infarction model after
three-week arterial occlusion, rats began to exhibit
depression-like symptoms with increased gastric retention
rates [134]. In depression, after surveying a large microbiome
population cohort and analyzing fecal metagenomes,
researchers indicated a potential role of microbial γ-amino-
butyric acid production and provided population-scale
pieces of evidence for microbiome relating to mental health
[135].

The latest studies have documented that the microbiome-
gut-brain axis can be a link between ischemic CVD and
depression (Figure 1 K). The 2017 named series and the psy-
choneuroimmunology research reported that commensal
microbes may impact the immune system and brain activity
via behavioral and immunological responses to social
stresses, which can be attenuated by healthy dietary [136].
Moreover, the enteric nervous system (ENS) structure and
neurochemistry are similar to the CNS; therefore, pathogenic
mechanisms inducing CNS disorders might also give rise to
ENS dysfunction and nerves, interconnecting the ENS and
CNS, can be conduits for spreading of disease [137]. This
collection of work describes a connection between the
microbiota, brain, behavior, immunity, stroke, and depres-
sion, to provide an important rationale for extending the
work in the future. Contrarily, a study showed that depres-
sive disorder and gastrointestinal dysfunction after myocar-
dial infarction were associated with abnormal metabolism of
tryptophan-5-hydroxytryptamine, an important substance
in the gut-brain axis [134].

Oxidative stress also plays a role in regulating the
microbiome-gut-brain axis related to ischemia and depres-
sion (Figure 1 L). Intestinal microbiome might increase
ROS and promote abnormal protein aggregation and brain
lesions, which can result in alteration of gut properties and
microbiota [138]. For instance, ischemic stroke intensifies
gut barrier breakdown by overproduced ROS and aggravates
microbiota alterations, followed by the translocation of a
selective bacterial strain to the surrounding tissues. As a con-
sequence, it promotes poststroke infections [139]. In depres-
sion, several studies suggest that ROS has connections with
gut dysbiosis [140], one of which illustrates that increased
chronic apical periodontitis and lipopolysaccharide levels
probably lead to depression via OS-induced hypernitrosyla-
tion and neuroprogressive processes [141].

6. Conclusion

Based on the mechanisms described in the previous sections,
we make the following conclusions (Figure 2). Notably,
ischemic CVD and depression are highly prevalent and are
major causes of disability. These two disorders are interre-
lated; that is, stroke survivors are likely to develop depression
and depressed individuals have a higher risk for stroke and
CHD than nondepressed people [29–31]. Additionally, these
two diseases share some common risk factors, such as obe-
sity, diabetes, and hypertension. The underlying mechanisms
involved in many pathological processes, such as inflamma-
tion, cell death (apoptosis and autophagy), microbiome-

gut-brain axis, and OS, also participate in both diseases.
Notably, OS is in the center of this web. These three risk fac-
tors are associated with OS and can trigger the development
and aggravate the progression of these diseases via overacti-
vation of OS and attenuation of antioxidant activities. In
addition, OS directly increases the risk of depression in
patients with cardiovascular diseases, whereas it increases
the risk of cardiovascular diseases in depressed people.
Thirdly, high levels of ROS promote the pathogenesis of
ischemic CVD and depression via OS-induced inflammation,
cell death signaling, and microbiome-gut-brain axis. In sum-
mary, the common risk factors increase the production of OS
and reduce antioxidant defenses, thereby promoting the
occurrence and development of interacted ischemic CVD
and depression. Application of antioxidants can mitigate
OS-related injuries and diseases. Due to the central role of
OS in these two illnesses, inhibition of OS may provide novel
and promising therapeutic strategies for the two conditions.

7. Limitations and Perspectives

The previous studies investigating the relationship between
hypertension and depression have been limited to the elderly
population, and some meta-analyses have contradictory
results due to high heterogeneity and other reasons such as
the following: (1) The clinical manifestation of some types
of stroke or depression varies among patients, and there
may be some biases when studying such patients. (2) The
small sample size or short follow-up time of some studies
may introduce some variations in the results. This requires

Obesity
Diabetes
Hypertension

Common RF

Depression
OS

Common mechanism

Cell death
Gut-brain axis
Inflammation

Antioxidants

CVD
Cardiac ischema
Cerebral ischema

Figure 2: The relationship among OS, common risk factors, and
common mechanism of ischemic CVD (stroke and CHD) and
depression. The common risk factors, obesity, diabetes, and
hypertension, can affect either ischemic stroke or depression.
Moreover, they can exert influence via overactive OS activity and
downregulated antioxidant defenses. On the other hand, OS acts
as one of the common mechanisms promoting postischemic
depression and it also interacts with inflammation, cell death
signaling pathway (apoptosis and autophagy), and gut-brain axis
to exacerbate the process of postischemic depression.
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further longitudinal, large-sample size, cohort studies to pro-
vide more conclusive outcomes.

The inconsistency among clinical diagnostic criteria and
the lack of uniform and timely evaluation tools may increase
errors in the data, which makes head-to-head comparisons
among studies unsuitable. In particular, there are many types
of depression which are diagnosed with different diagnostic
guidelines. This will reduce the comparability among studies.

Many animal experiments cannot adequately eliminate
the interference of other factors, and hence, the impact of
certain factors on disease phenotypes may affect the results
[5]. This calls for the development of precise and stable ani-
mal models of stroke or depression, which will provide accu-
rate assessment of disease progression and pathogenesis.

Despite the mechanisms discussed in this review, there
are no clear cellular or molecular level pathways that
explain the pathogenesis of stroke and depression. There-
fore, appropriate in vitro models of apoplexy or depression
are urgently required.

Some antioxidants exert anti-inflammatory, antiapopto-
tic, and antioxidative effects simultaneously. So when they
have certain curative effects on diseases, they cannot be fully
explained only by antioxidation effect [79–82]. This also sug-
gests further studies are required to reveal other mechanisms
of oxidative stress in diseases.

According to the data reviewed in this article, we propose
the following research directions: (1) Should antioxidation
therapy be given to depression patients to prevent ischemic
cardiovascular disease? Are patients with ischemic stroke
and myocardial infarction suitable for antioxidant therapy
to prevent later depression? (2) What is the timing of antiox-
idant intervention? (3) Will a combination of antioxidant
therapy produce better outcomes in patients with depression
or cardiovascular and cerebrovascular diseases? All of these
questions are yet to be answered, and therefore, future mul-
ticenter randomized controlled clinical studies with large
samples and more scientific and reasonable experimental
verification are needed.
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