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Abstract

Carbon monoxide (CO), a pervasive environmental toxicant, has emerged as one of the leading causes of fatal poisoning.
In the short term, inhalation of excessive amounts of this gas can lead to a systemic illness, primarily affecting the
central nervous system, known as acute carbon monoxide poisoning (ACMP). Despite numerous hypotheses proposed
by scholars - such as the apoptosis and autophagy theories, ischemia-reperfusion injury and free radical hypotheses,
and the excitatory amino acid hypothesis - the precise mechanisms of action remain inadequately elucidated.
Consequently, the primary aim of this study is to outline recent research into focal areas and elucidate the critical role
of microglial pyroptosis in the molecular mechanisms underlying ACMP. It is anticipated that this will provide a

theoretical foundation for a deeper understanding of the pathological mechanisms of ACMP and the exploration of

novel therapeutic drug targets.
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Introduction

Carbon monoxide (CO) is one of the most common toxic
gases associated with fatal poisoning, with elevated
concentrations capable of causing varying degrees of
toxicity and damaging multiple human physiological
systems [1]. An atmospheric CO concentration
exceeding 200 ppm, if inhaled for more than two hours,
can lead to ACMP [2]. The global incidence of ACMP is
significant, with the United States alone reporting over
500 fatalities annually due to this condition. Such
poisoning can induce pathophysiological changes,
including cerebral neuroinflammation and tissue edema
within hours, which may impair learning and memory
abilities. In severe cases, it can lead to delayed
encephalopathy after acute carbon monoxide poisoning
(DEACMP) [3]. DEACMP is the most severe and
common sequela of acute carbon monoxide poisoning,
with  many individuals experiencing  mild
neuropsychiatric deficits, including personality changes
and cognitive impairments [4]. The prevalence of mild
cognitive impairment is notably elevated, with a

significant proportion of affected individuals continuing
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to exhibit neuropsychiatric symptoms despite
undergoing hyperbaric oxygen therapy [5]. Furthermore,
CO demonstrates an exceptional affinity for hemoglobin,
approximately 200 times greater than that of oxygen [6].
As a result, the presence of CO impedes hemoglobin’s
ability to transport oxygen efficiently, culminating in
tissue hypoxia. This condition can lead to myocardial
injury, arrhythmia, and, ultimately, cardiac failure [7]. To
investigated the

date, numerous scholars have

mechanisms underlying acute carbon monoxide

poisoning internationally. However, the precise
pathogenesis of this condition remains inadequately
elucidated. Current hypotheses encompass apoptosis and
autophagy, reperfusion injury, the Free Radical Theory,
the excitatory amino acid hypothesis, and the burgeoning
theory of pyroptosis [8-10]. The burgeoning theory of
pyroptosis in cellular biology posits that inflammation
plays a pivotal role in the brain damage caused by carbon
monoxide poisoning [11]. Upon undergoing pyroptotic
cell death, microglial cells release a wide array of

inflammatory cytokines, indicating that the attenuation
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of inflammation could potentially alleviate neurological
impairments and decrease mortality rates in affected
individuals [12]. Examining the relationship between
microglial pyroptosis and acute carbon monoxide
poisoning will enhance our comprehension of
pathogenesis, thereby offering valuable insights for

clinical prevention and therapeutic strategies.

The clinical manifestations of acute carbon
monoxide poisoning

Acute carbon monoxide poisoning is associated with
non-specific symptoms that can be categorized into mild,
moderate, and severe intoxication. Mild poisoning is
characterized by brief exposure and carboxyhemoglobin
(COHD) levels ranging from 10% to 20% in the blood. It
manifests early symptoms such as headaches, myalgia,
dizziness, nausea, and may occasionally lead to transient
syncope. Mental clarity is generally maintained, and
symptoms typically resolve quickly upon exposure to
fresh air and removal from the toxic environment,
usually without any lasting effects. Moderate poisoning,
associated with a slightly longer exposure duration,
involves COHD levels of 30% to 40% and may present
symptoms such as collapse and coma, in addition to those
observed in mild poisoning. The skin and mucous
membranes often display the distinctive cherry-red
coloration indicative of carbon monoxide poisoning.
Timely intervention and resuscitation can swiftly restore
consciousness in patients, with full recovery typically
occurring within several days, often without any residual
sequelae. In cases of severe CO poisoning, characterized
by prolonged exposure, delayed detection, excessive
inhalation of coal gas, or brief exposure to high
concentrations of CO, COHD levels in the bloodstream
can exceed 50%. This condition may result in the loss of
all reflexes, urinary and fecal incontinence, hypotension,
tachypnea, profound coma, and potentially progression
to shock. Generally, the duration of the coma correlates
with the severity of the symptoms. Long-term sequelae
may include cognitive impairments such as dementia,
reduced comprehension ability, memory decline, and
limb paralysis.

Clinical investigations have revealed that patients
experiencing acute CO poisoning who are exposed to CO
for periods exceeding 4.8 hours face a substantially
of developing DEACMP [13].
Corresponding studies suggest that CO exposure for

increased risk
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durations surpassing 6 hours may further elevate the risk
of DEACMP, as indicated by an odds ratio (OR) of 1.28
with a 95% confidence interval (CI) of (0.09, 2.90). This
increased risk is likely due to the prolonged exposure to
CO, which results in elevated (COHD) levels in the
bloodstream, thereby intensifying cerebral ischemia and
hypoxia.

The theories of apoptosis and autophagy

The role of Apoptotic Factors

Apoptosis is a genetically regulated, autonomous, and
orderly process of cell death that is essential for
maintaining homeostasis. It is characterized by its
proactive nature, involving the activation, expression,
and modulation of a series of genes. This process is not
indicative of self-injury under pathological conditions;
rather, it represents an active adaptation to optimize
survival in each environment. Juri¢ and colleagues
hypothesized that CO poisoning triggers endogenous
apoptosis through the caspase-9 pathway and exogenous
apoptosis via caspase-8, leading to apoptosis in neuronal
cells. Following CO poisoning, numerous neurons and
astrocytes undergo apoptosis, resulting in the necrosis of
neural cells, which disrupts brain tissue architecture and
leads to the development of DEACMP. Astrocytes play
a crucial role in regulating synaptic transmission,
maintaining baseline neuronal metabolism, mitigating
oxidative stress, and promoting neuronal viability and
growth [14]. The substantial damage to glial cells
compromises  neurotransmission  and  triggers
degenerative alterations within the brain. Through
cellular experimentation, the study conclusively
demonstrated a significant reduction in the number of
astrocytes when cultured in a medium containing CO.
Following CO exposure, the activation of caspase-3 and
the subsequent apoptosis in hippocampal neurons
highlight the critical involvement of caspase-3 in the

pathogenesis of CO-induced brain injury.

The changes of HO-1 and Apoptosis

The study demonstrates that ten days following CO
poisoning, there is a sustained upregulation of heme
oxygenase-1 (HO-1) expression within the hippocampus,
particularly in regions vulnerable to hypoxia, such as the
CA1 and dentate gyrus (DG) areas [15]. These regions
notably exhibit significant neuronal necrosis. Upon
administration of the heme oxygenase inducer, hemin,
there is an intensified expression of HO-1 in the
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hippocampus, which correlates with an exacerbation of
hippocampal injury and an increased number of necrotic
neurons. This finding implies that the prolonged
overexpression of HO-1 in brain tissue following CO
poisoning may contribute to pathogenesis. Furthermore,
Zhao’s investigation into the alterations of HO-1
expression in relation to apoptosis in DEACMP revealed
that the changes in HO-1 expression are consistent with
the wvariations and progression of apoptosis-related
proteins (Bax, Bcl-2) and cellular apoptosis.

The mechanism of autophagy

Under typical physiological conditions, when cellular
function is compromised due to factors such as
nutritional deficiencies, stress, or hypoxia, the body
mobilizes energy and essential substrates to facilitate
cellular repair, thereby exerting a protective effect on the
damaged cells. Nevertheless, excessive autophagy may
be detrimental to cellular integrity [16]. Research
indicates that autophagy, like necrosis and apoptosis,
serves as a mechanism of programmed cell death [17].
One such pathway involves oxidative stress: Carbon
monoxide exposure results in the excessive generation of
reactive oxygen species (ROS) within cells, which can
inflict damage on cellular components, including lipids,
and DNA (deoxyribonucleic acid) [18].
Oxidative stress functions as a catalyst for autophagy

proteins,

activation, serving as a protective mechanism to remove
damaged organelles and proteins, thereby preventing the
spread of cellular damage caused by the excessive
production of ROS. This activation is mediated through
three distinct pathways: the upregulation of BNIP-3
expression via HIF-20, activation, the transcriptional
induction of LC3 and Atg5 through PKR-like
endoplasmic reticulum kinase (PERK) activation, and
the induction of p62 protein expression via NRF2
activation. These pathways collectively stimulate the
expression of the Atgl homolog, ULKI, through the
action of adenosine monophosphate-activated protein
kinase (AMPK), resulting in the dissociation of the
AMPK-ULK1
inhibits the activation of serine/threonine protein kinases
and deactivates the mTOR-Cl
ultimately leading to the initiation of autophagy [19,20].

complex. This process subsequently

signaling pathway,

Consequently, in cases of carbon monoxide poisoning,
cerebral cells can activate autophagy through multiple
pathways.
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Reperfusion Injury

Reperfusion injury is a phenomenon characterized by
tissue damage that occurs despite the restoration of blood
supply, particularly under conditions such as post-
ischemic reperfusion. In the context of CO poisoning,
tissue hypoxia can lead to re-injury upon the re-
establishment of blood flow. Following CO poisoning,
cells may produce excessive ROS, which have the
potential to damage cellular membranes, proteins, and
DNA. The re-oxygenation of hypoxic tissues can result
in an increased generation of oxygen free radicals,
thereby exacerbating reperfusion injury. During
reperfusion, there is a marked increase in ROS
production mediated by NADPH oxidases. These ROS
instigate lipid peroxidation and a reduction in reduced
glutathione (GSH) levels, ultimately leading to cell death
[21]. The potential mechanisms underlying the elevated
ROS
reperfusion injury include the binding of CO to
cystathionine beta-synthase (CBS), which inhibits the

production of hydrogen sulfide (H2S) and consequently

levels associated with cellular perfusion-

reduces its ROS-scavenging effects. Furthermore, the
interaction of carbon monoxide (CO) with myoglobin
(Mb) results in an increase in carboxymyoglobin
(COMD), which hinders Mb’s capacity to clear nitric
oxide (NO), thereby causing elevated NO levels
(pathway A—D1—D2—1J) [22]. This elevation in NO
suppresses the oxygen-sensing function of prolyl
hydroxylase domain (PHD) proteins, leading to tissue
hypoxia (pathway A—D1—D2—]J) [23]. Additionally,
NO inhibits cystathionine B-synthase (CBS), reducing
hydrogen sulfide (H2S) production and diminishing its
ROS scavenging ability. The reperfusion process may
activate inflammatory cells, such as neutrophils and
monocytes, which can release inflammatory mediators,
resulting in cellular and tissue damage. During
reperfusion, there may be a sudden increase in
intracellular calcium ion concentration, leading to
calcium overload [24]. This surge can activate a cascade

of intracellular enzymes, thereby initiating cellular injury.
The Free Radical Theory

When carbon monoxide poisoning induces severe
hypoxia in brain tissue, there is an escalation of electron
leakage within the cellular respiratory chain, leading to
the generation of numerous reactive oxygen species
(ROS). These free radicals initiate lipid peroxidation
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within brain tissue, thereby compromising the integrity
of the myelin sheath surrounding nerve fibers and
neuronal cells [25]. Additionally, ROS can trigger
inflammatory responses and disrupt vascular tone,
further exacerbating damage to brain tissue [26]. The
primary
unsaturated fatty acids, are particularly susceptible to

components of various biomembranes,
lipid peroxidation by ROS, which adversely affects
membrane fluidity and permeability. This process results
in edema and necrosis in neuronal cells, thereby
aggravating brain tissue injury [27]. Simultaneously,
dysfunction of the mitochondrial membrane can inhibit
the activity of cytochrome C and reduced coenzyme II
oxidase, leading to a decrease in the production of
reduced coenzyme II and subsequent depletion of
cellular energy [28]. Conversely, increased activity of
xanthine oxidase enhances peroxidative reactions,
culminating in apoptosis. The accumulation of necrotic
neuronal cells contributes to the degeneration of brain
tissue, manifesting as DEACMP [29].

Excitatory Amino Acid Toxicity Theory

The role of the Excitatory Amino Acid Toxicity Theory
in CO poisoning is to explain how CO causes neuronal
damage and cell death by affecting the metabolism and
functions of excitatory amino acids (such as glutamate
and aspartate) in the central nervous system.

CO poisoning may cause neuronal damage and trigger
the abnormal release of excitatory amino acids within
cells. Under normal circumstances, these amino acids act
as neurotransmitters in synaptic transmission, but when
in excess, they can be toxic to neurons. Some studies
the

concentration of excitatory amino acids increases

have found that after acute CO poisoning,

significantly, especially glutamate [30]. The main targets
of glutamate are located on the postsynaptic membrane
receptors. Activation of N-methyl-D-aspartate (NMDA)
and oa-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid (AMPA) receptors: Excitatory amino acids lead to
an increase in intracellular calcium ions by activating
NMDA receptors and AMPA receptors [31]. These
receptors play a crucial role in neuronal excitability and
synaptic transmission. The activation of NMDA and
AMPA receptors cause the calcium channels on the cell
membrane to open, allowing a large influx of calcium
ions and leading to an overload of intracellular calcium

ion concentration [32]. Calcium ions overload can
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activate a series of intracellular enzymes, including the

activation of caspases, resulting in cell damage.
New Pyroptosis Theory

The background of the proposal of the Pyroptosis
Theory

In the context of cerebral ischemia and hypoxia,
exogenous CO demonstrates a greater affinity for
hemoglobin than oxygen, promoting the formation of
COHb upon its entry into the bloodstream via the alveoli
[33]. This interaction reduces the number of hemoglobin
molecules available for oxygen binding, thereby
decreasing the blood’s oxygen-carrying capacity and
impairing oxygen delivery to tissues, ultimately leading
to tissue hypoxia. Additionally, intracellular CO can
inhibit glycolytic pathways in erythrocytes, resulting in
reduced synthesis of 2,3-diphosphoglycerate (2,3-DPG).
This inhibition further diminishes hemoglobin’s oxygen-
carrying efficiency, exacerbating systemic hypoxia. In
response to hypoxic conditions, cells transition from
oxidative phosphorylation to anaerobic glycolysis, which
results in energy depletion and a subsequent deceleration

of metabolic processes [34].

Cerebral injury and neuroinflammation following

acute CO poisoning

Due to the central nervous system’s limited ability to
compensate for hypoxia, cerebral edema can develop
rapidly, often within 2 to 4 hours following acute CO
poisoning and may reach peak severity within 24 to 48
hours, potentially persisting for several days. The clinical
manifestations in patients vary according to the
concentration of COHb in the blood. In healthy
individuals, COHbD levels typically range from 5% to
10%, with endogenous carbon monoxide contributing
approximately 0.4% to 0.7%. In cases of mild carbon
monoxide poisoning, COHb levels may exceed 10%,
leading to symptoms such as headache and dizziness.
Moderate poisoning is characterized by COHb levels
exceeding 30%, resulting in a coma with potential
responsiveness to painful stimuli, albeit with diminished
reflexes. Severe poisoning, indicated by COHb levels
exceeding 50%, can lead to deep coma and even shock
[35]. In 2014, Tsai conducted a study on the effects of
CO poisoning on the brain, focusing primarily on its
long-term impacts on cerebral perfusion and neural
function. The study revealed that severe acute CO
poisoning could result in cerebral hypoxic-ischemic


https://www.wonford.com/

Journal of Disease and Public Health

2025,1(2):67-76

injury [36]. However, the mechanisms underlying
ischemia and hypoxia are insufficient to fully account for
all clinical symptoms. Recent research has indicated that
following ischemic and hypoxic injury, microglia rapidly
This
extends to surrounding microglia and other types of glial

undergo inflammatory activation. activation
cells through the release of numerous pro-inflammatory
factors, culminating in persistent neuroinflammatory
injury. This process may be a critical factor contributing
to acute carbon monoxide poisoning [37].

The key cells in the Theory of Pyroptosis

MG) the
neuroinflammatory response and serve as crucial

Microglia are pivotal cells in
immune components within the brain. Under normal
physiological conditions, they constitute approximately
10% of the total brain cell population, ranking as the third
most prevalent type of immune cell in the brain.
Microglia are distributed throughout the central nervous
system, exhibiting regional variations in their
distribution across the brain. They are most densely
concentrated in the hippocampal formation, olfactory
bulb, telencephalon, basal ganglia, and substantia nigra.
Recent research has highlighted the role of microglial
the

inflammatory response as significant factors in the early

inflammatory  activation  and subsequent
and sustained damage to the nervous system associated
with hypoxic-ischemic brain damage (HIBD). The
excessive activation of microglia can initiate a cascade
effect, recruit additional inflammatory cells and release
inflammatory mediators, thereby exacerbating ischemic
stroke damage [38]. P2Y12, along with other purinergic
substances such as ATP, is implicated in the microglial
activation process [39].

Recent studies indicate that the activation of caspase-1 in
microglia serves a protective function in cerebral
ischemic brain injury. M1-type microglia (MG) exert
immunological effects through the secretion of tumor
factor-a (TNF-o), interleukin-12 (IL-12),

interleukin-23 (IL-23), along with various chemokines

necrosis

and inflammatory mediators, to eradicate pathogens,
tumors, and damaged cells [40]. The pro-inflammatory

cytokines and free radicals released by activated

microglia initiate or exacerbate neuronal damage

responses. Conversely, neuronal damage activates

microglia, thereby establishing a pathological cycle.
inflammation is

Microglia-mediated currently the

primary focus in the defense against stroke and traumatic
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brain injury. Consequently, the inflammatory response
mediated by microglia may significantly contribute to the
pathogenesis of hypoxic-ischemic encephalopathy.
Therefore, strategically modulating microglial activation
pharmacologically at different stages of cerebral
ischemia and hypoxia could help mitigate neuronal
damage. This approach involves regulating cytokine
secretion and maintaining an appropriate inflammatory
response. This may be an effective preventive and
therapeutic measure for preventing and treating the
degenerative changes of neuronal function after cerebral
ischemia.

The discovery of the Theory of Pyroptosis

Pyroptosis, also known as inflammatory cell death, is a
form of programmed cell death mediated by Gasdermin
proteins. It is characterized by the rupture of the cell
membrane and the rapid release of cellular contents. It
depends on Caspase-1 and is accompanied by an
inflammatory response. Pyroptosis is an important innate
immune response of the body and plays a crucial role in
fighting against infections. The origin of pyroptosis Xu
et al. first reported Caspase-1-dependent cell death in the
study of macrophages from mice infected with Gram-
negative Shigella. Zychlinsky found in their research that
Shigella flexneri could induce programmed cell death in
the infected host macrophages, but it was initially
[41]. The

macrophages infected with Salmonella also confirmed

considered to be apoptosis study of
the existence of Caspase-1-dependent programmed cell
death, accompanied by the release of many pro-
inflammatory factors [42]. Cookson first proposed the
the

pathogenesis of carbon monoxide poisoning is unknown

concept of pyroptosis. Currently, specific
[43]. Previous studies have shown that ischemia and
hypoxia, oxidative stress, apoptosis and necrosis,
of

neurotransmitter metabolism, synaptic remodeling, etc.

demyelination white  matter, abnormal
may be its main mechanisms. In the previously discussed
mechanisms, taking apoptosis as an example, apoptotic
cells display distinct morphological changes: cell
shrinkage, reduced volume, a round or oval shape, dense
These

apoptotic bodies are rapidly cleared by phagocytically

cytoplasm, and purple nuclear fragments.
active cells after their formation. During this process, the
cellular contents are wrapped by the plasma membrane
and will not be released into the interstitial tissue.
Therefore, the apoptosis process does not generate an
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inflammatory response [44]. And the inflammatory
response is an extremely important manifestation of
nerve cell death. Previous studies could not verify this
phenomenon. Therefore, pyroptosis has become a
breakthrough for this phenomenon.

The mechanism of the Theory of Pyroptosis

Pyroptosis is primarily mediated through two distinct
pathways: the classical and non-classical pathways.
Despite differences in their mechanistic processes, both
pathways necessitate the activation of specific proteins
within the Caspase family and are mediated by the
inflammasome. The classical pyroptotic pathway is
predominantly dependent on the activation of Caspase-1.
According to Zhou et al., when host cells are invaded by
the
transmembrane protein toll-like receptor 4 (TLR4) on the

exogenous or endogenous microorganisms,
cell membrane detects this stimulus and subsequently
activates the nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-xB) pathway. This activation
induces the conversion of inactive inflammatory
cytokines (IL-1PB, IL-18) into their active forms and
the of

Subsequently, the Caspase-1 enzyme is activated, which

promotes expression inflammasomes.
then cleaves members of the Gasdermin protein family,
enabling them to form pores in the cell membrane. The
formation of these pores facilitates the rapid release of
cellular content, ultimately resulting in pyroptosis [45].
The Toll-like receptor (TLR) and nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-kB)
signaling pathways are integral to the process of
pyroptosis. The TLR pathway facilitates the synthesis
and release of cytokines, while the NF-kB pathway
enhances the release of pro-inflammatory factors.
Furthermore, research conducted by Chang et al. on the
TLR4/NF-kB signaling pathway’s role in brain injury
among premature infants revealed that activation of these
pathways promotes the release of pro-inflammatory
factors, thereby instigating an inflammatory response
[46].

Pathways and mechanisms of Non-classical
Pyroptosis

The Non-classical Pyroptosis pathway diverges from the
classical pathway and can be categorized into two
distinct types. The first type is mediated by Caspase-
4/5/11, which directly recognizes and is activated by
bacterial Lipopolysaccharide (LPS) [47]. The second
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type involves Caspase-3/8 and is associated with tumor
necrosis factor-alpha (TNF-a). In this pathway, TNF-a
can induce Caspase-3 to cleave gasdermin D (GSDMD),
resulting in pore formation on the plasma membrane and
the of  apoptosis
Additionally, when Caspase-3/8 interacts with TNF-a, it
activates the Caspase-8 complex, which subsequently

conversion into  pyroptosis.

cleaves GSDMD. Despite the distinct mechanisms
underlying these pathways, both ultimately culminate in
pyroptosis. In summary, pyroptosis is a multifaceted
process involving diverse signaling pathways and
molecular mechanisms. A comprehensive exploration of
the mechanisms underlying pyroptosis offers novel
insights and directions for developing improved
therapeutic strategies for pyroptosis-related diseases.
Additionally, it enhances the prevention and diagnosis of
acute carbon monoxide poisoning and facilitates the

research and development of new clinical drugs.
Conclusion

This study is a conceptual paper focusing on Chinese
medical tourists seeking fertility treatment in Malaysia.
It conducts an in-depth analysis of the intrinsic
connections between cultural proximity, service quality
(measured through SERVQUAL dimensions),
This

demonstrates the theoretical mechanism by which

and

revisit  intention. research constructs and
cultural proximity influences service quality and thereby
affects revisit intention. It thereby addresses a gap in the
fertility tourism literature, which has traditionally
overlooked service quality as a mediating variable.

From a theoretical perspective, most existing studies on
revisit intention in medical tourism take subjective
satisfaction as the core mediating variable. This study
breaks through this
SERVQUAL

responsiveness, assurance, and empathy) as the objective

limitation by adopting the
dimensions  (tangibles, reliability,
carriers for quantifying service quality. It clarifies how
cultural proximity, such as shared language, recognition
of practices like “confinement” (postnatal care rituals),
and support from the Chinese community in Malaysia,
translates into tourists’ revisit intention. This translation
occurs through specific service dimensions. In doing so,
it establishes a clear theoretical framework and provides
operable variable measurement pathways for subsequent
empirical research in this field.

In terms of practical implications, the synergistic effect


https://www.wonford.com/

Journal of Disease and Public Health

2025,1(2):67-76

of cultural proximity and high-quality services holds
significant value for the Malaysian fertility medical
tourism sector. Cultural proximity can reduce cross-
cultural perceived risks and communication costs for
Chinese tourists. This enables medical institutions to
quickly gain tourists’ trust and develop a differentiated
competitive advantage, distinct from Western medical
destinations such as those in Europe and the United
States. Enhancing service quality based on the
SERVQUAL dimensions can directly optimize tourists’
medical experience. For instance, medical institutions
can improve Chinese-language service procedures
(responsiveness), deploy medical teams familiar with
Chinese culture (empathy), and upgrade medical
facilities that meet Chinese-style needs (tangibles). Such
measures can significantly enhance tourists’ sense of
belonging and satisfaction, thereby increasing tourist
retention rates and word-of-mouth communication
effects. The combination of cultural proximity and high-
quality services helps the Malaysian fertility medical
sector attract more Chinese clients, alleviating issues in
China’s domestic assisted reproductive technology (ART)
sector, such as uneven resource distribution and limited
success rates. Meanwhile, it promotes the development
of Malaysia’s medical tourism industry toward the
“culturally adaptive” niche, facilitating the sustainable
development of this sector.

It should be noted that this study is currently in the
conceptual research phase. Future research will enter the
empirical verification phase. Specifically, it plans to
collect sample data from Chinese tourists who have
received fertility treatment in Malaysia through
questionnaires and use structural equation modeling
(SEM) to verify the theoretical hypotheses proposed in
this study. This will further examine the causal
relationships and the strength of the mediating effect
among cultural proximity, each dimension of service
quality, and revisit intention. The results of subsequent
empirical research will provide data support for the
improvement of the theoretical model and offer more
targeted practical suggestions for Malaysian fertility
medical institutions, industry associations, and
policymakers. This will help this sector better meet the
needs of the Chinese market and achieve long-term and

stable development.
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