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Abstract. Depression and coronary heart disease (CHD) are
two interconnected diseases that profoundly impact global
health. Depression is both a complex psychiatric disorder
and an established risk factor for CHD. Sirtuin 1 (SIRT1) is
an enzyme that requires the cofactor nicotinamide adenine
dinucleotide (NAD?) to perform its deacetylation function, and
its involvement is crucial in reducing cardiovascular risks that
are associated with depression. SIRT1 exerts its cardioprotec-
tive effects via modulating oxidative stress, inflammation and
metabolic processes, all of which are central to the patho-
genesis of CHD in individuals with depression. Through
influencing these pathways, SIRT1 helps to reduce endothelial
dysfunction, prevent the formation of atherosclerotic plaques
and stabilize existing plaques, thereby decreasing the overall
risk of CHD. The present review underscores the important
role of SIRT1 in serving as a therapeutic intervention molecule
for tackling cardiovascular complications stemming from
depression. Furthermore, it highlights the need for further
studies to clarify how SIRT1 influences both depression and
CHD at the molecular level. The ultimate goal of this research
will be to translate these findings into practical clinical inter-
vention strategies.
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1. Introduction

Currently, both depression and coronary heart disease (CHD)
are among the most prevalent and serious global health
issues (1). Depression is a common mental illness that has a
profound impact on physical health, and often causes consider-
able suffering to patients (2). The World Health Organization
estimates that ~3.8% of the global population suffers from this
disease (3). A lifetime prevalence of depression was retrospec-
tively reported through community epidemiological surveys
of adults aged between 18 and 74 years in 28 countries, and an
average incidence rate of 10.6% was also reported, comparing
across various countries (4). In a prospective epidemiological
study, the findings revealed that the lifetime prevalence of
major depression ranges from 30-40% (5). The COVID-19
pandemic that broke out around the world in 2020 led to a
surge in the incidence of mental health disorders worldwide,
with reported cases of major depression increasing by 28%,
and anxiety disorders increasing by 26% (6). In addition, the
number of individuals with depression surged by 53 million,
reflecting a 27.6% increase.

CHD, caused by an accumulation of atherosclerotic
plaques in the coronary arteries, is one of the leading causes of
mortality and disability in humans (7). In 2019, cardiovascular
diseases were responsible for ~17.9 million deaths globally,
also accounting for ~32% of all cases of mortality (8). CHD
alone was responsible for ~8.5 million deaths, accounting
for almost half of all cardiovascular-associated fatalities (8).
The global incidence of CHD was ~172 million in 2015, with
projections estimating a rise to 234 million cases by 2030 (6).
In the United States, CHD results in an estimated 610,000
deaths annually, accounting for ~25% of all deaths (9).
Furthermore, CHD imposes a considerable financial burden
through both direct medical expenses and indirect costs; for
example, in 2010, the expenses directly associated with CHD
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treatment in the United States amounted to approximately US
$108 billion, and projections suggest this figure will rise to US
$137 billion by 2030 (10).

Depression serves as a risk factor leading to the increased
prevalence of various diseases (11). A systematic review
of global qualitative research on depression has revealed a
significant link between the condition and a broad spectrum
of physical illnesses, encompassing cardiovascular diseases,
diabetes, obesity, hypertension, chronic respiratory disorders
and persistent pain syndromes (12). Meta-analyses of longitu-
dinal studies have shown that depression consistently forecasts
the initial onset of conditions such as coronary artery disease,
stroke, diabetes and obesity (13). From a biological perspective,
various mechanisms, including the inflammation hypoth-
esis (14), telomere theory (15), mitochondrial dysfunction (16),
gut-brain axis theory (17), and epigenetic mechanisms, which
also encompass neuroendocrine-immune interactions (18),
have been proposed to explain the potential association
between depression and these diseases. Extensive evidence
from cohort studies and meta-analyses points to a robust
association between depression and CHD, highlighting the
significant interrelationship between these conditions (19-21).
Depression is acknowledged not only as a standalone risk
factor for CHD, but also as a major contributor towards an
increased risk of adverse cardiovascular events in affected
individuals (22). An analysis involving 22 cohort studies found
that depression increases the risk of CHD onset by approxi-
mately 1.5 to 2 times, with prevalence rates of depression
among CHD patients estimated at 20-30% (22).

In the interaction between depression and CHD, sirtuin 1
(SIRT1), as an NAD* deacetylase, has attracted widespread
attention. SIRT1 fulfills a crucial role in orchestrating a
spectrum of biological activities, including cellular growth,
programmed cell death, aging, and glucose and lipid handling,
in addition to controlling oxidative stress and inflamma-
tion. These functions of SIRT1 have been shown via animal
experiments to exert significant protective effects on both
the nervous and cardiovascular systems (23). Moreover,
studies involving animal models of depression and clinical
patients with CHD have suggested that SIRT1 may have an
important role in the pathophysiology of these two common
diseases through regulation of inflammation, oxidative stress
and metabolic activity (24-26). The present review describes
the impact of SIRT1 on the progression of CHD caused by
depression. Through reviewing and compiling the findings
reported in the research literature, the objective of this review
is to enhance the understanding of the role of SIRT1 in both
diseases, thereby offering a theoretical basis for future clinical
investigations and therapeutic developments.

2. Overview of SIRT1

Role of SIRTI in cell proliferation and apoptosis regulation.
As an NAD*-dependent deacetylase, SIRT1 is a member of
the sirtuin family within the broader category of serine/threo-
nine kinases (27). SIRT1 is present in both the cytoplasm
and the nucleus, and is crucially involved in a variety of
cellular processes, including gene regulation, DNA repair
and maintaining metabolic functions (28). A key mechanism
through which SIRT1 regulates cell proliferation involves its

interaction with the tumor suppressor protein p53 (29). p53
has a critical role in regulating the cell cycle and apoptosis,
especially in response to DNA damage and cellular stress (30).
Upon activation, SIRT1 deacetylates p53, leading either to cell
cycle arrest to facilitate DNA repair, or the initiation of apop-
tosis when damage has become irreparable (31). This process
reduces the ability of p53 to initiate cell cycle arrest and apop-
tosis, thereby promoting cell survival and proliferation (32).
A previously published study on human tumor cells in vitro
revealed that SIRT1 deacetylates p53, which may lead to a
reduction in pro-apoptotic factors such as B-cell lymphoma
2 (Bcl-2)-associated X protein (Bax) and the pS3-upregulated
modulator of apoptosis (PUMA), thereby promoting tumor
cell growth and limiting stress-induced apoptosis (33). The
operation of this mechanism is especially important in situa-
tions such as tissue injury, where cell survival and proliferation
are critical for tissue repair and regeneration (33). However, an
experiment on pregnant rats using the SIRT1 inhibitor EX-527
showed that blocking SIRT1 activity led to an increase in
PUMA expression, with a concomitant decrease in the levels
of Bcl-2 and Bcl-extra large (Bcl-XL) proteins through the p53
pathway, thereby promoting apoptosis (34).

Beyond its influence on p53, SIRT1 also regulates the
activity of the forkhead box O (FOXO) transcription factor
family, the members of which are critical in the cellular
response to oxidative stress, senescence and apoptosis (35).
SIRT1-mediated deacetylation activates the FOXO3a tran-
scription factor, thereby increasing the expression of protective
genes, such as manganese superoxide dismutase (MnSOD) and
catalase (CAT), which guard cells against oxidative stress (36).
This action not only supports cell survival, but also leads to
the inhibition of apoptosis through the reduction of oxidative
damage. In a study wherein a mouse model of myocardial
infarction was established, through upregulation of SIRT1
expression, the deacetylation of FOXO3a in cardiomyocytes
was found to be increased, thereby strengthening the cell
defense mechanism and reducing cardiomyocyte apoptosis
during myocardial infarction. On the other hand, under certain
conditions, the upregulation of SIRT1 expression may also
inhibit the pro-apoptotic effects of FOXO (37). Through the
balance of signals for survival and apoptosis, SIRT1 ensures
that cells can manage oxidative stress without undergoing
excessive apoptosis, a process that is particularly relevant in
aging and neurodegenerative diseases (38).

The regulation of apoptosis by SIRT1, however, is highly
context-dependent, as it can also promote cell death under
specific conditions, especially in cancerous or damaged
cells (39). A previously published study using a rat model
of diabetic retinopathy revealed that SIRT1 is able to down-
regulate anti-apoptotic proteins such as Bcl-2, and increase
the expression of pro-apoptotic factors such as Bax, thereby
promoting irreversible damage caused to, or the apoptosis of,
retinal cells (40). This dual functionality of SIRT1 is critical
for maintaining cellular homeostasis, ensuring that healthy
cells are preserved while they are damaged, or that potentially
cancerous cells are eliminated. The complexity of the role of
SIRT]1 has been highlighted in a number of reviews, showing
that its involvement in apoptosis is tightly regulated by the
cellular environment and specific signaling pathways, allowing
for a balance between cell proliferation and death (41).
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SIRT1 fulfills another important role in influencing the
cell cycle, which is crucial for regulating cell proliferation.
In this regard, it interacts with various cyclins to promote
the progression of the cell cycle (42). The transcription factor
E2F transcription factor 1 (E2F1) is an important transcrip-
tion factor that has been shown to regulate the cell cycle, cell
proliferation and apoptosis. SIRT1 activates E2F1 through
deacetylation, which helps to promote the transition of cells
from the G, to S phase, facilitating cell proliferation, espe-
cially in tumor cells (43). This pathway is particularly relevant
in stem cells and cancer cells, where rapid cell division is
vital. However, a study on mouse macrophages showed that
excessive activation of SIRT1 may lead to carcinogenesis, as
unregulated cell proliferation led to tumor growth (44). This
finding highlighted the importance of carefully regulating
SIRT]1 activity in diverse cellular environments.

SIRT1 also exerts a regulatory role in autophagy, influ-
encing the clearance of damaged organelles and proteins
via the deacetylation of key proteins, which is crucial for
maintaining cellular stress responses and the balance of
energy metabolism (45). Autophagy supports cell survival
under stress by removing damaged components and providing
essential nutrients (46). SIRT1 stimulates autophagy by
deacetylating key autophagy-associated proteins, including
microtubule-associated protein 1A/1B-light chain 3 (LC3)
and autophagy protein 5 (Atg5), which leads to enhanced
autophagic activity (47). In turn, autophagy is able to prevent
apoptosis by eliminating dysfunctional mitochondria, which
are major sources of pro-apoptotic signals (48). However, when
the autophagic process is insufficient to restore cellular homeo-
stasis, SIRT1 may shift its role towards promoting apoptosis,
especially in cells that are beyond repair (49). This dynamic
interplay between autophagy and apoptosis is fundamental to
the function of SIRT1 in regulating the cell fate, ensuring the
survival of healthy cells, while eliminating damaged ones (50).

Role of SIRT1I in the regulation of inflammation. SIRT1 has a
multifaceted role in the regulation of inflammation, which is
mediated through its interactions with several key molecular
pathways to maintain cellular homeostasis and prevent
chronic inflammation, serving as a contributing factor in
numerous diseases (51). In these molecular pathways, SIRT1
inhibits chronic inflammation by regulating the transcription
factors nuclear factor-«B (NF-xB) and FOXO3a, as well as
through the reduction of oxidative stress (27). These regula-
tory processes are crucial in preventing chronic inflammatory
states. A key function of SIRT1 in inflammation control is the
suppression of pro-inflammatory cytokine transcription via
the deacetylation of NF-«B; specifically, its p65 subunit (52).
The transcription factor NF-«B fulfills a crucial role in
regulating inflammation through the regulation of pro-inflam-
matory cytokines, including tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6) and interleukin-1f (IL-1p) (53). Research
on diabetic nephropathy in mice has shown that SIRT1
deacetylates the p65 subunit of NF-«B, leading to a reduction
in its transcriptional activity and a mitigation of diabetic renal
pathology (54). These functions have been validated in various
disease models, including metabolic and neurodegenerative
disorders, where inflammation is a key driver of disease
pathology (55,56). Through the inhibition of NF-kB, SIRT1
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effectively attenuates inflammatory responses, demonstrating
its critical role in inflammation regulation (57).

Apart from modulating NF-xB, SIRT1 helps to decrease
inflammation by minimizing oxidative stress (27). Via the
deacetylation of FOXO3a, SIRT1 enhances the expression of
antioxidant enzymes, including MnSOD and CAT, thereby
reducing oxidative damage and, in turn, inflammation (58).
In a macrophage-specific mouse model, the absence of SIRT1
was found to promote the polarization of pro-inflammatory
macrophages and to regulate the tissue inhibitor of metallo-
proteinase 3 (TIMP3)/ADAM17 pathway, thereby facilitating
the development of atherosclerosis, demonstrating that
SIRT1 activation through FOXO3a may both enhance the
proportion of anti-inflammatory macrophages and reduce
inflammatory responses (59). Moreover, SIRT1 has been
shown to regulate inflammasome activity, notably influencing
the nucleotide-binding oligomerization domain-like receptor
family, pyrin domain containing 3 (NLRP3) inflammasome,
which is critically involved in inflammatory responses (60).

Overactivation of NLRP3 inflammasomes results in
chronic low-grade inflammation, thereby promoting the
production of the cytokines IL-1p and IL-18 (60). In the airways
of these mice, SIRT1 mitigates inflammation via deacetylating
components of the NLRP3 inflammasome, which restricts the
release of pro-inflammatory cytokines (61). This mechanism
is crucial in preventing chronic inflammation, which is a
common factor in diseases such as atherosclerosis and type 2
diabetes, further highlighting the pivotal role of SIRT1 in
controlling inflammatory responses (62).

Additionally, the activation of SIRT1 has been shown to
lead to an improvement in insulin sensitivity in obesity models
through inhibiting inflammation via NF-xB signaling path-
ways (63). In cardiovascular diseases, the anti-inflammatory
properties of SIRT1 have been shown to contribute towards
improving vascular function through the reduction of the
expression of adhesion molecules in endothelial cells (64).
In a study involving the overexpression of SIRT1 in mice, it
was found that activation of SIRT1 in endothelial cells could
mitigate vascular inflammation, affording protection against
vascular aging and atherosclerosis (65). Consequently, SIRT1
is a crucial factor both in terms of regulating apoptosis,
and offering resistance to oxidative stress, autophagy and
inflammation (Fig. 1).

3. Association between depression and CHD

Depression, a common mood disorder, is marked by
prolonged sadness, diminished interest in activities, fatigue,
poor concentration and low self-esteem (66). Analyzing data
from 22 cohort studies involving over 500,000 individuals,
researchers found that depression has a substantial effect on
both mental and physical well-being, notably increasing the
risk for CHD (67-69). CHD is a disease caused by myocar-
dial ischemia and hypoxia due to coronary atherosclerosis,
which, in turn, causes adverse cardiovascular events, including
angina pectoris and myocardial infarction (70). A previous
study suggested that both acute and chronic stress disrupt the
production or activity of key neurotransmitters and hormones,
including noradrenaline, dopamine, serotonin, cortisol,
aldosterone and angiotensin II (71). These disruptions may
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Figure 1. Schematic figure, illustrating how SIRT1 regulates apoptosis, oxidative stress, autophagy and inflammation via its deacetylation activity. SIRT1
primarily exerts its regulatory effects by modifying proteins such as p53, and reducing the levels of pro-apoptotic factors, including Bax and PUMA, to
prevent cell death. Additionally, it enhances E2F1 activity, which further promotes cell survival. SIRT1 also modulates Bcl-2 levels to inhibit Bax, thereby
reinforcing apoptosis suppression. Through activation of FOXO3a, SIRT1 increases the levels of antioxidant enzymes, including MnSOD and CAT, thereby
decreasing oxidative stress. SIRT1 also promotes autophagy via proteins such as LC3 and Agt5, thereby exerting a role in the clearance of damaged organelles.
Inflammatory responses are diminished via SIRT1's deacetylation of NF-kB p65 and NLRP3, with the resultant reduction in pro-inflammatory cytokine
production. SIRT1, sirtuin 1; p53, tumor protein p53; E2F1, E2F transcription factor 1; Bcl-2, B-cell lymphoma 2; FOXO3a, Forkhead box O3a; LC3,
microtubule-associated protein 1A/1B-light chain 3; Agt5, autophagy protein 5; NF-xB p65, nuclear factor-kB subunit p65; NLRP3, nucleotide-binding
oligomerization domain-like receptor family, pyrin domain containing 3; Bax, Bcl2-associated X protein; PUMA, p53 upregulated modulator of apoptosis;
MnSOD, manganese superoxide dismutase; CAT, catalase; IL-6, interleukin-6; IL-1f, interleukin 18; TNF-a, tumor necrosis factor-a.

negatively influence mood, and contribute to cardiovascular
risk factors, such as high blood pressure, platelet reactivity,
endothelial dysfunction, diabetes and metabolic syndrome,
all of which may increase the likelihood of depression (72).
Additionally, these biochemical imbalances cause alterations
in immune function, leading to an overproduction of cyto-
kines such as IL-1, IL-6 and TNF-a (73). A study based on
populations with CHD demonstrated that inflammation is a
common factor linking mood disorders and cardiovascular
diseases, potentially contributing to plaque formation and
acute coronary events (74). An additional study suggested that
shared genetic pathways across the neuroendocrine, immune
and inflammatory systems may underlie an increased risk of
both depression and CHD (21).

Brain regions involved in mood disorders and cardiovas-
cular regulation, particularly those associated with stress and
memory, have been shown to be altered in patients with severe
depression (75). A previous study demonstrated that acute
psychological stress reduces baroreflex sensitivity, whereas
asymmetric sympathetic signaling from the brain to the heart
may increase the risk of CHD (76). In human neuroimaging
studies analyzing the amygdala and arterial inflammation,
it was found that amygdala activity is able to independently
predict cardiovascular events, suggesting a link between
emotional stress and cardiovascular disease (77,78). Another
clinical study showed that individuals with depression face
a significantly higher CHD risk, with increased symptom

severity further elevating this risk (79). Depression not only
increases the likelihood of CHD, but also increases the inci-
dence of adverse cardiovascular events and mortality among
patients with CHD (80). Certain subtypes of depression, such
as new-onset depression following acute coronary syndrome,
refractory depression or depression with somatic symptoms,
are more likely to result in negative CHD outcomes and
a diminished quality of life (81). After adjusting for factors
such as functional limitations and clinical variables (including
stable angina and congestive heart failure), improvements in
depressive symptoms were found to be the strongest predictors
of improved health-associated quality of life at 1 year (82,83).
A large clinical study revealed that depression independently
predicts cardiovascular events in patients with CHD, with the
risk increasing alongside symptom severity. Moreover, the
mortality rate among patients with CHD who were depressed
was found to be more than double that of their non-depressed
counterparts (84).

The mechanisms via which depression causes atheroscle-
rosis are multifaceted, although these mainly include chronic
psychological stress and the inflammatory response (21).
Depression has been shown to be closely associated with
chronic psychological stress, and this condition is a major
risk factor for atherosclerosis, which comprises the thickening
of artery walls due to the buildup of plaque (85). A study
encompassing both animal and human studies revealed that
chronic psychological stress triggers numerous physiological
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Figure 2. Schematic figure, illustrating the complex association between depression and coronary heart disease. Depression leads to CHD through multiple
pathways, including autonomic nervous system dysfunction, HPA axis dysfunction and inflammatory responses. These disturbances result in hormonal imbal-
ances, such as elevated levels of aldosterone, dopamine, angiotensin II and cortisol, along with an increased heart rate and a heightening of blood pressure.
Additionally, depression leads to increases in levels of pro-inflammatory cytokines such as IL-6, IL-1f and TNF-a. Hormonal imbalances resulting from
autonomic dysfunction further contribute to hypertension, metabolic syndrome and left ventricular hypertrophy. These alterations, in turn, promote platelet
activation, disrupt endothelial function and increase lipid deposition, all of which lead to an increased risk of CHD. CHD, coronary heart disease; HPA-axis,
hypothalamic-pituitary-adrenal axis; IL-6, interleukin-6; IL-1f, interleukin 18; TNF-a, tumor necrosis factor-a.

shifts, including elevated levels of stress hormones and height-
ened sympathetic nervous system activity, largely driven by
hypothalamic-pituitary-adrenal (HPA) axis activation (86).
A clinical study also revealed that prolonged psychological
stress results in increased cortisol levels, with resultant
damage caused to vascular endothelial cells, and other effects,
including increasing vascular wall permeability and fostering
lipid accumulation in the vascular walls, ultimately contrib-
uting to atherosclerosis (84). Persistent sympathetic nervous
system activation also leads to increases in heart rate and
blood pressure, which elevates cardiac workload and vascular
wall stress, factors that also contribute to the development of
atherosclerosis (87).

Low-grade chronic inflammation, which is common in
depressed patients, significantly contributes to atherosclerosis
onset and progression (88). High levels of pro-inflammatory
markers and oxidative stress drive this inflammatory

response (89). In individuals with depression, markers such
as C-reactive protein, IL-6 and TNF-a are found at elevated
levels (90). These inflammatory factors are able to promote
atherosclerosis through various pathways (91). Not only in
human studies, but also in animal models, inflammatory
factors have been shown to activate vascular endothelial cells,
cause an upregulation of the expression of adhesion molecules,
and facilitate the adhesion of monocytes to the vascular wall
and their subsequent transformation into macrophages, which
subsequently further engulf lipids to form foam cells, a process
that is pivotal in the formation of atherosclerotic plaques (92).
Additionally, depression has been shown to be closely asso-
ciated with oxidative stress, which not only causes direct
damage to vascular endothelial cells, but also triggers multiple
inflammatory pathways, further promoting the development
of atherosclerosis (92,93). Therefore, depression increases the
risk of CHD through multiple mechanisms (Fig. 2).
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4. Role of SIRT1 in depression

Depression is a multifaceted mental disorder, with its causes
rooted in biological, genetic and environmental factors (94). A
previous study utilizing a mouse model of depression identi-
fied SIRT1 as performing a crucial role in the development of
depression (95). Another study also demonstrated that SIRT1
affects neurogenesis, especially within areas of the brain
critical for emotional and cognitive processes, such as the
hippocampus and prefrontal cortex (96). Extensive studies in
both animal and human models have explored the molecular
role of SIRT1 in mood disorders (97,98). SIRT1 has been
shown to regulate multiple transcription factors, including
peroxisome proliferator-activated receptor y coactivator
1-a (PGC-1a), p53 and NF-kB, which have crucial roles in
modulating processes such as oxidative stress, inflammation
and apoptosis (95). These pathways are often dysregulated in
patients with depression, suggesting that SIRT1 has a pivotal
role in the pathogenesis of the disorder (99). Both SIRT1
and SIRT2 have been implicated in regulating inflamma-
tory responses within the brain, indicating their potential
as therapeutic targets for anti-inflammatory treatments for
depression (100). Via reduction of neuroinflammation, SIRT1
may alleviate the biological stress that exacerbates depressive
symptoms (101).

In animal models of depression, SIRT1 expression
in hippocampal tissue has been found to be markedly
reduced (102). The hippocampus, a brain region essential for
learning and memory, is often affected in the state of depres-
sion, and its dysfunction is one of the primary pathological
features of the disorder (103). A previously published study
on hippocampal neuroplasticity in patients with depression
showed that low expression of SIRT1 may impair neuroplasti-
city, neurogenesis and synaptic function, thereby exacerbating
depressive symptoms (104). Similarly, in depressive mouse
models, decreased SIRT1 expression was found to be associ-
ated with reduced neurogenesis in the hippocampus (105).
Activation of SIRT1 was also shown to enhance the prolifera-
tion and differentiation of neural stem cells, thereby increasing
the number of new neurons and alleviating depressive symp-
toms (106). In rats subjected to chronic unpredictable mild
stress (CUMS), hippocampal SIRT1 expression was shown to
be significantly reduced, which correlated with depressive-like
behaviors (107). In the CUMS mouse model, overexpression of
SIRT1 in the hippocampus was found to significantly mitigate
depressive-like behaviors, emphasizing the role of SIRT1 in
depression (108).

The potential antidepressant effects of SIRT1 activation
have been demonstrated in numerous studies. Research in
CUMS mouse models has shown that activating SIRT1 improves
neuronal function, enhancing neuroplasticity and promoting
neurogenesis, thereby producing antidepressant-like effects (109).
SIRT1 modulates the expression of various genes through
deacetylation, promoting synaptic plasticity and the formation
of functional synapses (110). In animal models of depression,
activation of SIRT1 has been shown to increase the expression
of brain-derived neurotrophic factor (BDNF), a protein critical
for neuronal survival, synaptic plasticity and neurogenesis (111).
Elevated BDNF levels were demonstrated to improve hippo-
campal function and alleviate depressive symptoms (112).

In a different study, researchers assessed postpartum
depressive-like behaviors in a depression model of ovariec-
tomized mice, and found that resveratrol, a SIRT1 activator,
could alleviate depressive-like behaviors in mice, drawing
significant attention to its potential role as a therapeutic
agent for treating depression (113). Resveratrol, a natural
polyphenolic compound found in fruit such as grapes, berries
and peanuts, exhibits antioxidant, anti-inflammatory and
anticancer properties (114). In animal models of depres-
sion, the antidepressant-like effects of resveratrol have
been widely confirmed (113). Through the activation of
SIRT]I, resveratrol was shown to enhance neuroplasticity
and neurogenesis in the hippocampus, thereby mitigating
depressive-like behavior (115). In CUMS models, treatment
with resveratrol also led to a marked increase in SIRT1 expres-
sion, an elevation in the level of BDNF, and the alleviation of
depressive symptoms (116). The proposed mechanism is that
resveratrol regulates various depression-associated molecules
and pathways through SIRT1-mediated deacetylation (116).
Furthermore, resveratrol has an important role in a variety
of neurological diseases, including depression, via activation
of AMP-activated protein kinase (AMPK), a key regulator of
cellular energy balance. The activation of AMPK may not only
affect the behavioral effects of antidepressants, but it may also
have a role in the occurrence of depression by regulating the
expression or function of glucocorticoids (117).

SIRT1 significantly influences depression by acting on
the nucleus accumbens, a brain region crucial for motivation
and reward processing (118). The regulation of this region
mediated by SIRT1 is considered to influence emotional regu-
lation and depressive-like behaviors (25). In animal models,
manipulating SIRT1 expression in the nucleus accumbens
leads to marked changes in anxiety- and depression-associated
behaviors (119). This underscores the potential of SIRT1 as a
molecular target for novel antidepressant therapies, especially
for patients experiencing symptoms such as anhedonia or lack
of motivation (119). Chronic stress is a major depression risk
factor, and SIRT]1 is pivotal in modulating the body's stress
response (120). It affects the body's response to stress by
regulating glucocorticoid receptors, which are essential for
stress responses (121). In a CUMS mouse model, numerous
studies have identified that dysregulation of SIRT1 exacerbates
stress-associated depressive behaviors (122,123). In a study
conducted on male mice with depression, it was discovered
that chronic stress leads to downregulation of SIRT1 in the
amygdala. Fluoxetine, a widely used antidepressant, is able to
reverse this downregulation and ameliorate depressive-like
behaviors, demonstrating that SIRT1 may mediate the antide-
pressant effects of certain medications (124). In conclusion,
SIRT1 regulates oxidative stress, inflammation, neurogenesis
and neuroplasticity, influencing both the onset and prevention
of depression (Fig. 3).

5.Role of SIRT1 in CHD

A study that employed an acute myocardial infarction rat
model highlighted the role of SIRT1 in mitigating inflamma-
tion, oxidative stress and vascular dysfunction, which all act as
contributing factors in CHD and atherosclerosis (125). A cohort
study on patients post-coronary artery bypass graft surgery
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Figure 3. Schematic figure, illustrating the association between SIRT1 and depression. Through the regulation of PGC-1a, p53, and NF-xB, SIRT1 impacts
oxidative stress and inflammation, which subsequently influences emotional and cognitive functions. These imbalances may disrupt neurogenesis and neuro-
plasticity, increasing the risk of depression. On the other hand, SIRT1 is able to lower the risk of depression by enhancing neurogenesis and plasticity via
BDNF modulation. Additionally, the role of SIRT1 in the nucleus accumbens, where it governs neurogenesis and plasticity, helps to reduce oxidative stress
and inflammation, thereby decreasing depression susceptibility. These mechanisms establish SIRT1 as a pivotal factor in both the onset and prevention of
depression. SIRTI, sirtuin 1; PGC-1a, peroxisome proliferator-activated receptor y coactivator 1-a; p53, tumor protein p53; NF-kB, nuclear factor kappa B;

BDNF, brain-derived neurotrophic factor.

and after aortic valve replacement revealed high expression
levels of SIRT1 in endothelial cells, vascular smooth muscle
cells (VSMCs) and cardiomyocytes, where it was found to
confer protective benefits (126). Its function in maintaining
endothelial homeostasis is especially important, as endothelial
dysfunction is an early event in the development of atheroscle-
rosis (127). A previous in vivo study with mice revealed that
activating SIRT1 boosts the production of nitric oxide (NO),
reduces oxidative stress and decreases inflammation, thereby
improving endothelial function. Additionally, SIRT1 protects
against atherosclerosis by either activating endothelial NO
synthase or reducing NF-«kB activity in endothelial cells and
macrophages (128).

These effects are crucial, as impaired NO bioavailability
and increased oxidative stress are characteristic of endothelial
dysfunction, and contribute to the progression of atheroscle-
rosis (129). A study that investigated atherosclerosis using
cultured human smooth muscle cells showed that SIRT1 is
able to reduce vascular wall inflammation, a major contributor
to atherosclerosis (130). In an in vitro cell culture study, SIRT1
deacetylation was found to cause downregulation of NF-«B, a
central transcription factor in inflammatory responses, which
thereby reduced the levels of pro-inflammatory cytokines,

including TNF-a and IL-6 (131). This anti-inflammatory
action reduces the recruitment of immune cells, such as mono-
cytes and macrophages, to the arterial wall, thereby limiting
the formation of atherosclerotic plaques (132). Furthermore,
moderate overexpression of SIRT1 in mice has been shown
to reduce oxidative stress, thereby preventing lipid oxidation,
which is a key step both in terms of halting plaque formation
and slowing the progression of atherosclerosis (133).

Studies in both animals and human models have under-
scored the importance of SIRTI in lipid metabolism, directly
associating it with atherosclerosis prevention (134-136).
Experiments that analyzed SIRT1 expression in the rat
hippocampus showed that SIRT1 activates PGC-1a., a coacti-
vator essential for mitochondrial formation and fatty acid
oxidation (137). Through the promotion of efficient lipid
utilization, SIRT1 was found to decrease the accumulation of
low-density lipoprotein cholesterol, a primary risk factor for
atherosclerosis, in the bloodstream (138). Moreover, a study on
human U937 monocytes revealed that SIRT1 modulates liver
X receptor (LXR) activity, with LXRs having a key role in
cholesterol clearance and reverse transport, which are essential
roles for cholesterol removal from arterial plaques (139). The
association between SIRT1 and atherosclerosis has also been
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confirmed in both animal models and human studies (140,141).
SIRT1 activation has been shown to reduce atherosclerotic
plaque formation in mouse models of the disease (142).
Moreover, a retrospective case-control study revealed an
association between gene variants of SIRT1 and a reduced risk
of atherosclerotic coronary artery disease, suggesting that the
cardiovascular protective role of SIRT1 may be genetically
influenced (143). Additionally, in a rat model of cardiac hyper-
trophy, another study found that activating SIRT1 using sirtuin
activators such as resveratrol led to a reduction in vascular
inflammation, which caused a delay in the progression of
atherosclerosis (144).

In addition to its anti-inflammatory and antioxidant
effects, SIRT1 has also been shown to have a crucial role
in regulating the proliferation and migration of VSMCs,
processes that are essential for neointimal hyperplasia and
the stability of atherosclerotic plaques (145). A further study
revealed that, in a mouse model with SIRT1 overexpression,
SIRT1 helped to stabilize atherosclerotic plaques, thereby
reducing the risk of plaque rupture and subsequent throm-
botic events, such as myocardial infarction or stroke, through
inhibition of the proliferation of VSMCs and promotion of
their differentiation (146). Another key aspect of the protec-
tive role of SIRTI in the cardiovascular system involves its
interaction with metabolic pathways (147). SIRT1 has been
shown to be able to improve insulin sensitivity and to regulate
glucose metabolism, processes that are especially significant
in metabolic diseases such as type 2 diabetes, which is a
known risk factor for CHD (148). In diabetic patients, SIRT1
activation was found to improve endothelial function, with a
mitigation of coronary atherosclerosis (149).

Furthermore, the cardioprotective effects of SIRT1 have
been shown to extend beyond atherosclerosis; for example,
it has been shown to protect against cardiac hypertrophy,
a common complication in patients with hypertension and
CHD (150). In a rat model of myocardial hypertrophy,
SIRT1 was found to regulate the hypertrophic response
of cardiomyocytes via inhibiting the transforming growth
factor-p1 (TGF-B1)/p-Smad3 signaling pathway, which is
implicated in cardiac fibrosis and hypertrophy (144). This
anti-hypertrophic effect helps to preserve cardiac function
and to prevent heart failure, a frequent complication in
CHD. In conclusion, the available evidence suggests that
SIRT1 exerts protective effects against CHD by modulating
the growth of VSMCs, oxidative stress, lipid metabolism
and inflammation (Fig. 4).

6. Mechanism of action of SIRT1 in the development of
CHD caused by depression

Studies in both animal models and humans have shown that the
role of SIRT1 in depression-induced CHD involves its complex
regulation of cardiovascular molecular pathways, including
oxidative stress, inflammation and metabolism (151). As part
of the sirtuin family, SIRT1 performs a key role in the cellular
response to various forms of stress, including emotional and
psychological stressors, such as depression (152). Extensive
longitudinal studies and meta-analyses have confirmed that
depression is a known risk factor for cardiovascular diseases,
including CHD, primarily due to its detrimental effects on

the autonomic nervous system, inflammatory processes and
cardiac function (153-155). SIRT1 has been shown to mitigate
these harmful effects by affecting the core mechanisms under-
lying depression-induced CHD (156).

One of the primary mechanisms through which SIRT1
influences CHD in the context of depression is by regulating
oxidative stress (151). A previous study using the CUMS
mouse model has shown that depression leads to an increase in
the production of reactive oxygen species and the compromise
of antioxidant defenses, resulting in oxidative damage to endo-
thelial cells, which are critical contributors to atherosclerosis
and CHD progression (157). Furthermore, studies in vitro
have demonstrated that SIRT1 exerts protective antioxidant
and anti-apoptotic effects, which are achieved by enhancing
antioxidant gene expression and effecting the downregulation
of pro-oxidative pathways (158). SIRT1 specifically activates
FOXO transcription factors, which causes the upregulation
of antioxidant stress genes such as MnSOD, contributing to
its role in oxidative stress defense (159). A study that utilized
a mouse model of myocardial ischemia demonstrated that
SIRT1 reduces the risk of plaque formation and slows down
atherosclerosis progression through mitigation of oxidative
damage to vascular endothelial cells (160).

In addition to its role in reducing oxidative stress, SIRT1
also regulates inflammatory pathways that are often activated
by depression (151). Clinical evidence has shown that chronic
inflammation is a shared characteristic of depression and
CHD, with SIRT1 having a crucial role in reducing inflamma-
tory responses (161,162). Studies in mice with overexpressed
SIRT1 have shown that the deacetylase function of SIRT1
inhibits the activation of NF-«B, a key transcription factor that
promotes the production of pro-inflammatory cytokines such
as IL-6 and TNF-a. By dampening the inflammatory response,
SIRT1 reduces immune cell recruitment to the vessel wall,
which thereby prevents atherosclerotic plaque formation and
decreases the risk of CHD in patients with depression (163,164).
Furthermore, SIRT1 regulates disrupted metabolic processes
in both depression and CHD (165). A cross-sectional study
demonstrated that depression frequently occurs concomitantly
with metabolic syndrome, which involves processes such as
insulin resistance and dyslipidemia (166) and obesity, all of
which are significant risk factors for CHD. Analysis of choles-
terol and triglyceride levels in mouse tissues has suggested that
SIRT1 regulates lipid metabolism via activation of PGC-1a
and LXRs, which are both integral to cholesterol efflux and
fatty acid oxidation (167). Through the promotion of lipid
homeostasis, SIRT1 has been shown to reduce cholesterol
accumulation in the arterial walls, thereby decreasing the risk
of atherosclerosis and CHD, especially in individuals with
depression (168).

Depression-induced CHD is also associated with disrup-
tions in autonomic nervous system function; specifically, an
increase in sympathetic activity and a reduction in parasym-
pathetic activity (169). These autonomic imbalances may lead
to increased blood pressure, an accelerated heart rate and
heightened vascular tone, all of which contribute to the risk of
CHD, especially in women with depression (170). In a study
that utilized a hypertensive rat model, activating SIRT1 in the
hypothalamus led to the regulation of sympathetic nervous
activity, thereby reducing blood pressure (171). Activation
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Figure 4. Schematic figure, illustrating the association between SIRT1 and coronary heart disease. Through the regulation of a number of cellular and
molecular pathways, SIRT1 influences CHD development and progression. It regulates VSMC growth and degradation, thereby affecting atherosclerosis or
plaque stability. Through its interactions with PGC-1a and LXR, SIRT1 enhances mitochondrial function and fatty acid oxidation, thereby improving insulin
sensitivity and reducing the accumulation of lipids, and helping to prevent atherosclerosis. Activation of FOXO3a by SIRT1 upregulates the expression of
antioxidants such as MnSOD and CAT, thereby reducing oxidative stress and supporting endothelial health, and minimizing the risk of plaque formation by
reducing vascular endothelium damage. Deacetylation of NF-kB and NLRP3 by SIRT1 lowers the levels of pro-inflammatory cytokines such as IL-6, IL-13
and TNF-a, which, in turn, reduces the levels of inflammation and protects endothelial function, and collectively, these processes cause a slowing down of
atherosclerosis and a lowering of the CHD risk. SIRT1, sirtuin 1; VSMCs, vascular smooth muscle cells; PGC-1a, peroxisome proliferator-activated receptor
y coactivator 1-a; LXR, liver X receptor; FOXO3a, Forkhead box O3a; NF-kB, nuclear factor-kB; NLRP3, nucleotide-binding oligomerization domain-like
receptor family, pyrin domain containing 3; MnSOD, manganese superoxide dismutase; CAT, catalase; IL-6, interleukin-6; IL-1f, interleukin 18; TNF-a,
tumor necrosis factor-a; CHD, coronary heart disease.

of SIRT1 in the hypothalamus has been shown to modulate
sympathetic outflow and to reduce blood pressure, mitigating
one of the key mechanisms through which depression leads to
CHD (172). Another critical role of SIRT1 in depression-asso-
ciated CHD involves its effect on cardiac remodeling and
fibrosis (173). In a clinical observational study of hypertension,
depression was often found to be associated with increased
cardiac stress and hypertrophy, which, if left uncontrolled,
may lead to heart failure (174).

In animal studies, SIRT1 was found to inhibit the TGF-f1
signaling pathway, thereby alleviating cardiac fibrosis in mice
and leading to the protection of the heart from hypertrophic
stress, a pathway that is a significant driver of cardiac fibrosis
and remodeling (175,176). Additionally, SIRT1 was shown
to support cardiac health by limiting the accumulation of
extracellular matrix proteins in the heart, potentially lowering
the risk of heart failure in patients with depression-associated
CHD (177). Additionally, SIRT1 has been shown to have a
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Figure 5. Schematic figure, illustrating the association between SIRT1, depression and coronary heart disease. Depression increases the risk of CHD by
disrupting autonomic function, increasing the level of oxidative stress and triggering inflammation, which collectively contribute to endothelial dysfunction,
platelet activation and the accumulation of lipids, driving atherosclerosis. SIRT1 regulates these processes by supporting autonomic function, increasing the
levels of antioxidant enzymes such as MnSOD and CAT, and decreasing the levels of pro-inflammatory cytokines. Additionally, SIRT1 modulates TGF-f1 to
further mitigate cardiovascular damage, helping to lower the risk of CHD associated with depression. SIRT1, sirtuin 1; TGF-f1, transforming growth factor-$1;
MnSOD, manganese superoxide dismutase; CAT, catalase; IL-6, interleukin-6; IL-1f, interleukin 1f; TNF-a, tumor necrosis factor-0l; CHD, coronary heart

disease.

vital role in regulating autophagy, a cellular process essen-
tial for maintaining cardiovascular health (178). Autophagy
helps to eliminate damaged cellular components, thereby
preventing the accumulation of toxic proteins, which can lead
to cardiovascular diseases (179). A study that employed a
mouse depression model showed that depression compromises
cardiac autophagy, increasing the likelihood of ischemic injury
and heart failure (180). SIRT1 has also been shown to facilitate
autophagy by deacetylating essential autophagy-associated
proteins, which improved the removal of damaged mitochon-
dria and reduced the chance of ischemia-reperfusion injury in
cardiac tissue (181). In conclusion, a number of studies have
shown that SIRT1 decreases the risk of CHD by mitigating

cardiovascular damage associated with depression, primarily
by strengthening autonomic function, boosting antioxidant
defense mechanisms and reducing inflammation (Fig. 5).

7. Therapeutic potential of SIRT1 in depression-induced
CHD

The potential of SIRT1 in managing depression and CHD
is increasingly supported by robust preclinical and clinical
data, highlighting its ability to regulate inflammation,
oxidative stress and metabolic pathways, which serve as key
pathological mechanisms implicated in both CHD and depres-
sion (104,108,128,130). As a prominent NAD*-dependent
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deacetylase, SIRT1 exerts protective effects on the cardiovas-
cular and central nervous systems, suggesting its suitability
as a dual-targeted therapeutic intervention. The findings from
animal experiments have suggested that natural and synthetic
SIRT1 activators, such as resveratrol and SRT1720, confer
substantial cardioprotective and neuroprotective effects, indi-
cating their potential for use in patients with co-morbid CHD
and depression (182,183).

In experiments with ApoE“” mice, resveratrol, a SIRT1
activator, showed significant anti-atherosclerotic effects
under standard dietary conditions. This included allevi-
ating endothelial dysfunction and inhibiting atherosclerotic
plaque formation, which are two critical components in
the development of CHD (184). This compound activates
SIRT]1 to suppress the pro-inflammatory transcription factor
NF-«B, which subsequently downregulates the expression of
cytokines such as TNF-a and IL-6, which have key roles in
vascular inflammation and plaque development. Additionally,
resveratrol exhibits notable anti-inflammatory and antioxidant
effects in the brain, modulating neuroinflammation markers
and oxidative stress in depression models, thereby easing
behavioral and cognitive symptoms associated with depres-
sion (185). These pleiotropic effects highlight the potential of
resveratrol in modulating systemic inflammation and neuro-
inflammation, supporting the potential application of SIRT1
activators in the treatment of cardiovascular diseases associ-
ated with depression.

Similarly, SRT1720 is a synthetic SIRT1 agonist that has
shown great potential in supporting cardiac and neurological
health (186,187). Animal studies have shown that SRT1720
may promote mitophagy, decrease oxidative stress and regu-
late inflammation, which may help to slow the progression
of atherosclerosis (188,189). This is particularly beneficial in
CHD models, where atherosclerosis poses a significant risk.
Experimental evidence in vitro has demonstrated that SRT1720
exhibits neuroprotective effects by mitigating oxidative stress
in neural tissues and regulating mitochondrial function,
potentially reducing the depressive symptoms associated with
chronic neuroinflammation (190).

Other SIRT1 activators, such as quercetin, have further
underscored the therapeutic utility of SIRT1 in cardiovas-
cular and mental health settings (191,192). Quercetin, another
polyphenol, has been observed to activate SIRT1 and decrease
lipid peroxidation, while enhancing antioxidant enzyme
activity in preclinical cardiovascular models (188). This
modulation has been associated with improved vascular health
and reduced CHD risk (193). In a mouse model of depression,
quercetin was shown to effectively reduce neuroinflammatory
responses, suggesting that it may alleviate depressive symp-
toms and improve overall neurological resilience in patients
with concurrent CHD (194).

These findings provide a strong basis for exploring the
therapeutic potential of SIRT1 in treating CHD associated
with depression. However, transitioning from preclinical
to clinical application requires extensive research. Future
studies should focus on large-scale, multi-center trials to
confirm the effectiveness of SIRT1 activators such as resve-
ratrol and SRT1720 in diverse patient groups. Such trials
should carefully evaluate biomarkers that are associated with
inflammation, oxidative stress and mitochondrial health to
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better understand the impact of SIRT1 on these interlinked
pathways in patients with co-occurring CHD and depres-
sion. Additionally, identifying consistent biomarkers, such
as specific cytokines and mitochondrial activity markers,
will aid in personalizing treatment and guiding SIRT1-based
interventions for individual patients. Finally, combining
SIRTI-targeted approaches with existing cardiovascular
and antidepressant therapies may improve outcomes in both
physical and mental health for these patients.

8. Conclusions

SIRT]1 is a key factor linking the pathophysiology of depres-
sion and CHD that has shown therapeutic potential in terms
of its ability to regulate inflammation, oxidative stress and
metabolic pathways. Preclinical studies of SIRT1 activators,
such as resveratrol and SRT1720, have demonstrated their
positive effects on cardiac protection and mood improvement,
laying the foundation for further clinical research. However,
the complexity of SIRT1 signaling poses challenges for direct
clinical translation, especially in patients with co-morbid CHD
and depression. Continued advancements in SIRT1-targeted
therapies are expected to enhance the treatment outcomes for
this dual condition.
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