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Abstract: Low skeletal muscle mass is an important feature and foundation of sarcopenia, which can affect body function and
increase the risk of falls and fractures in older adults, while being associated with multiple systemic diseases. Helicobacter pylori is
a common gastrointestinal pathogen associated with various systemic gastrointestinal and non-gastrointestinal diseases. Although
extensive studies have been conducted on each of these, the direct link between them has not been fully explored. Clarifying the
relationship between Helicobacter pylori infection and low muscle mass is important for the prevention and management of these
diseases.
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Introduction

Sarcopenia is an age-related condition characterized by the reduction of muscle mass, decline in muscle strength, and
deterioration of physical function.' Low skeletal muscle mass is a crucial feature and foundation of sarcopenia, defined as
a muscle mass below normal levels. This not only significantly impacts physical performance but also greatly increases
the risk of falls and fractures among the elderly.” Low skeletal muscle mass is closely linked to inflammatory responses
and immune function and is associated with diseases such as cardiovascular disease, diabetes, osteoporosis, and cognitive
dysfunction.® These conditions not only diminish individual quality of life but also impose a heavy burden on health-care
systems worldwide.

Helicobacter pylori (H. pylori) is a spiral-shaped, gram-negative gastric pathogen that is extremely common in human
populations, with a high global infection rate.* The rising prevalence of H. pylori infections has become a prominent
global concern. This bacterium is strongly associated with various gastrointestinal diseases, including chronic gastritis,
peptic ulcers, gastric cancer, and gastric lymphoma.> Moreover, current research suggests that it also interacts with
extragastric diseases such as cardiovascular disorders, metabolic syndromes, dermatological issues, hematological
diseases, neurological conditions, and autoimmune diseases.®

Although substantial research exists on H. pylori infection and low skeletal muscle mass globally, their direct
relationship and associated risk factors have not been thoroughly explored. Clarifying the connection and underlying
mechanisms between H. pylori infection and low skeletal muscle mass is crucial for the prevention and management of
these conditions, thereby enabling the development of more comprehensive and individualized treatment plans and public
health strategies. This article summarizes the epidemiology, risk factors, potential pathogenesis, diagnosis, and treatment
of H. pylori infection and low skeletal muscle mass, as well as the relationship between H. pylori infection and low

skeletal muscle mass.
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Advances in Low Skeletal Muscle Mass Research

Epidemiology and Pathogenesis

Numerous studies have focused on the prevalence of sarcopenia across various populations, finding it particularly common
among the elderly, where it is closely associated with increased risks of falls, hospitalization, and mortality.” International
research has predominantly explored the pathophysiological mechanisms of low skeletal muscle mass, focusing on aspects
such as inflammatory responses, hormonal changes, malnutrition, and physical inactivity. Interventions like high-protein
diets, vitamin D supplementation, and resistance training have demonstrated significant benefits.* '' Domestic scholars are
also investigating its mechanisms, emphasizing the impact of nutrition and lifestyle, and studying the effects of nutritional
supplements, physical exercise, and traditional Chinese medicine in improving muscle mass and function.'? Research into
biomarkers for frailty and sarcopenia'' has revealed that pro-inflammatory cytokines like IL-1, IL-6, and TNF-a may
contribute to muscle mass and strength loss during aging through synergistic actions. Additionally, anemia can reduce tissue
oxygenation, leading to increased fatigue, frailty, and deterioration of muscle mass and function. Some studies'® have
suggested that growth hormone (GH) directly affects target tissues, including skeletal muscle and bone, whereas insulin-like
growth factor 1 (IGF-1) released by the liver binds to IGF receptors within cells, promoting cell growth and inhibiting cell
death. Dysregulation of GH and IGF-1 may lead to reduced muscle and bone mass, with more than 30% of older adults
having circulating IGF-1 levels below those of younger individuals. Scott, D et al found a positive correlation between low
serum vitamin D levels and decreased lean body mass, leg strength, and leg muscle mass.'* A Mendelian randomization
genetic association study by Tingting Sha et al in the UK Biobank validated a nonlinear relationship between inadequate 25-
hydroxyvitamin D levels and sarcopenia risk, indicating the need for randomized clinical trials in participants with

insufficient 25-hydroxyvitamin D levels to confirm potential causal links."

Diagnosis and Treatment

The definition and diagnostic criteria for low skeletal muscle mass are relatively consistent, primarily based on
recommendations from the European Working Group on Sarcopenia in Older People (EWGSOP) and the Asian
Working Group for Sarcopenia (AWGS).'® AWGS recommends using Dualenergy X-ray absorptiometry (DXA) or Bio-
impedance analysis (BIA) to measure muscle mass,'” with diagnostic cut-off values for sarcopenia being: for DXA-
analyzed appendicular skeletal muscle mass index (ASMI): males <7.0 kg/m?, females <5.4 kg/m?; or for BIA: males
<7.0 kg/m?, females <5.7 kg/m?2.?

Treatment of low skeletal muscle mass typically involves comprehensive, multidimensional intervention strategies, including
nutritional supplementation, physical exercise, and pharmacotherapy. In particular, increased protein intake is crucial for muscle
synthesis and repair. Supplements rich in leucine, vitamin D, calcium, and Omega-3 fatty acids can help improve muscle
mass.”'®!'? Resistance training is the most effective method for enhancing muscle mass and strength,” recommended two—three
times per week, involving exercises with dumbbells, barbells, resistance bands, or fitness machines. Aerobic activities such as
walking, swimming, and cycling benefit cardiovascular health and complement the overall fitness improvements. Balance and
flexibility exercises, such as yoga and tai chi, enhance agility and balance and reduce fall risk. Although there are currently no
specific drugs specifically used to treat low skeletal muscle mass, some drugs are used in clinical practice to supplement
treatment, such as hormone replacement therapy, which can help increase muscle mass and strength in men with low
testosterone,”’ and appropriate anti-inflammatory therapy may also help improve muscle condition.”* Psychological support
and education can enhance patients” understanding of the disease, boosting motivation and adherence to treatment.” Ideally,
personalized treatment plans should be developed based on individual circumstances, incorporating multiple aspects of
intervention, requiring collaboration from a multidisciplinary team, including general practitioners, dietitians, rehabilitation
therapists, and endocrinologists, to maximize improvements in muscle mass and function. Through personalized treatment plans
and multidisciplinary management, patient quality of life can be effectively enhanced, and related complications can be reduced

(Figure 1).
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Figure | Diagnosis and treatment of low skeletal muscle mass. Created with BioGDP.com.
Abbreviations: AWGS, the Asian Working Group for Sarcopenia; ASMI, appendicular skeletal muscle mass index; DXA, Dualenergy X-ray absorptiometry; BIA, Bio-
impedance analysis.

Advances in Helicobacter pylori Research

Epidemiology and Pathogenesis

The increasing prevalence of H. pylori infections has become a significant global concern. It is estimated that over 50%
of the global population is colonized by H. pylori, with higher incidence rates observed in developing countries and less
economically developed regions.** According to China’s White Paper on Infection Control,'? the global infection rate of
H. pylori is approximately 50%, ranging from 18.9% to 88.7%, while in China, it approaches 50%, with different groups
showing infection rates between 35.4% and 66.4%. Rural areas exhibit higher rates than urban areas, and adults are more
affected than children and are characterized by high infection rates, substantial disease burden, and high resistance rates.

The risk factors for H. pylori infection are multifaceted, encompassing environmental, lifestyle, and individual
characteristics.? Firstly, residing in areas with poor sanitation, such as rural or developing regions, significantly increases
the risk of H. pylori infection due to water contamination and inadequate public health facilities that facilitate bacterial
transmission. Secondly, dietary habits play a crucial role as the consumption of raw or undercooked foods may serve as
a vector for infection.”® Furthermore, practices such as communal dining and sharing utensils can further promote the
spread of the bacterium. In terms of individual characteristics, children and the elderly are at heightened risk because of
their relatively weak immune systems. Additionally, unhealthy lifestyle choices, including smoking and excessive
alcohol consumption, are associated with the occurrence of H. pylori infection. Therefore, a comprehensive under-
standing of these risk factors is essential for developing effective prevention and control strategies to reduce the
prevalence of H. pylori infection.

The pathogenic mechanisms of H. pylori infection are complex and primarily involve the production of various active
toxins that disrupt the gastric mucosal barrier, leading to chronic inflammation. Notably, cytotoxin-associated protein
(CagA) and vacuolating cytotoxin (VacA) are key toxins implicated in pathogenesis, with long-term inflammation
resulting in gastritis, peptic ulcers, and gastric cancer.”’ H. pylori also survives in acidic gastric conditions by producing
urease, which hydrolyzes urea to ammonia, and its flagella enhance motility through gastric mucus, further facilitated by
urease, reducing mucin viscosity.”® Recent studies have linked H. pylori to cardiovascular, metabolic, dermatological,

hematological, neurological, and autoimmune diseases.”’ >
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Figure 2 Diagnosis and treatment of Helicobacter pylori. Created with BioGDP.com.

Diagnosis and Treatment

In clinical practice, H. pylori detection primarily involves invasive and non-invasive tests. Invasive methods include the
rapid urease test and histological examination, whereas non-invasive tests include the urea breath test, fecal antigen testing,
and serology. Given its simplicity and broad acceptance, the 13C or 14C urea breath test is commonly used to diagnose
H. pylori infection. Standard triple therapy is a widely used treatment option for eradicating H. pylori, consisting of a proton
pump inhibitor (PPI) and two antibiotics. The commonly prescribed PPIs include omeprazole, lansoprazole, pantoprazole,
and rabeprazole. The antibiotics that are often used are amoxicillin, clarithromycin, levofloxacin, and metronidazole.
Typically, this regimen is maintained for 10—14 days to achieve complete eradication of the H. pylori infection. In regions
where resistance to clarithromycin is high, bismuth quadruple therapy is recommended as first-line treatment for H. pylori.
This therapy included a PPI, bismuth, and two antibiotics. However, the gradual increase in drug resistance poses a great

challenge to effective H. pylori eradication treatment worldwide (Figure 2).27-33-3

Discussion

Clinical Studies on the Correlation Between Low Skeletal Muscle Mass and H. pylori
Studies indicate that H. pylori infection may directly or indirectly lead to low skeletal muscle mass through inflammatory
responses, hormonal alterations, dysbiosis, nutritional malabsorption, or systemic metabolic disruptions. A retrospective
cohort study conducted at the First Affiliated Hospital of Wenzhou Medical University®’ demonstrated an increased risk of

low skeletal muscle mass in women aged >40 years who were currently infected with H. pylori. A cross-sectional study in
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Seoul, Korea,*® showed that elderly women undergoing H. pylori eradication treatment had a reduced risk of low skeletal
muscle mass, although prospective longitudinal studies are needed to confirm the long-term effects on sarcopenia. Another
study involving 3,453 Americans aged 60 and above® suggested that serum markers of H. pylori infection, including
antibodies against H. pylori and cytotoxin-associated gene antibodies, were associated with sarcopenia and low skeletal
muscle mass. Therefore, patients at high risk for low skeletal muscle mass who test positive for H. pylori may consider
eradication therapy, which offers the dual benefits of treating bacterial infection and mitigating skeletal muscle degradation.

The clinical association between H. pylori infection and low skeletal muscle mass has garnered increasing attention,
particularly in elderly populations. Studies indicate that H. pylori infection may trigger chronic inflammatory
responses,” which not only impair gastrointestinal function but also release pro-inflammatory cytokines into the
systemic circulation, thereby negatively impacting muscle quality and strength. Chronic inflammation is recognized as
one of the key pathological mechanisms underlying sarcopenia,*” as prolonged inflammatory states can accelerate muscle
protein degradation and exacerbate loss of muscle mass. Furthermore, H. pylori infection may exacerbate the risk of low
skeletal muscle mass by influencing hormonal levels. Specifically, H. pylori has been shown to interfere with the
secretion of ghrelin and leptin, two hormones integral to appetite regulation and energy metabolism.*! Patients with low
skeletal muscle mass typically exhibit lower levels of ghrelin and abnormal leptin levels.*? Thus, these hormones may
serve as critical links between H. pylori infection and low skeletal muscle mass. As individuals age, particularly after
women enter menopause, declining estradiol levels may diminish the protective effects of sex hormones against H. pylori
infection. Such hormonal changes could render elderly women more susceptible to H. pylori infection, subsequently
increasing the risk of low skeletal muscle mass. Additionally, certain steroid hormones may possess inhibitory effects on
H. pylori growth; however, this protective effect may weaken with age, further intensifying the potential impact of
infection on muscle quality.*> Moreover, H. pylori infection is closely associated with the onset of metabolic syndrome,
a significant risk factor for low skeletal muscle mass. Metabolic syndrome is characterized by a cluster of vascular risk
factors, including insulin resistance, hypertension, abdominal obesity, dyslipidemia, and impaired glucose metabolism.**
These factors may promote muscle mass loss through mechanisms involving inflammation and oxidative stress. H. pylori
also disrupts gastrointestinal function,*> leading to malabsorption of essential nutrients and particularly affecting the
intake of key nutrients such as iron, calcium, vitamin B12, and vitamin D. This nutritional deficiency not only hinders
growth and development in children but also contributes to muscle mass deterioration in older adults. Variations in
dietary habits and H. pylori prevalence across different regions may lead to divergent clinical outcomes,”® necessitating
rigorous experimental studies to establish the role of geography as an influencing factor. Finally, H. pylori infection may
induce dysbiosis of gut microbiota, which in turn affects skeletal muscle status via the “gut-muscle axis”.*® The diversity
of gut microbiota is closely linked to the host’s metabolic health, and dysbiosis may lead to impaired nutrient absorption
and metabolic pathways, ultimately resulting in diminished muscle quality.

Future research should focus on in-depth clinical studies to further explore the relationship between H. pylori
infection and low skeletal muscle mass, along with related risk factors. While preliminary cross-sectional and cohort
studies suggest an association, more longitudinal studies and randomized controlled trials are needed to clarify mechan-
isms and causality. For example, large-scale, multicenter prospective cohorts targeting elderly individuals, patients with
chronic gastritis, malnutrition, or metabolic syndrome could track muscle mass changes over time while controlling for
confounders such as age, sex, physical activity, and diet. Randomized trials assessing muscle mass, grip strength, and gait
speed before and after H. pylori eradication, as well as combined interventions with protein, vitamin D, or probiotics
supplementation, would be valuable. In addition, an in-depth investigation of the relationship between H. pylori infection
and low skeletal muscle mass, along with its underlying mechanisms, is crucial for the development of effective
prevention and treatment strategies.

Potential Mechanisms of Interplay Between Low Skeletal Muscle Mass and H. pylori

First, H. pylori infection initiates the release of various active toxins that compromise the gastric mucosal barrier,
subsequently triggering the release of multiple pro-inflammatory cytokines and chemokines in the host, including IL-6,
IL-8, IFN-y, TNF-a, and NF-kB (Figure 3A).*” Notably, the levels of several inflammatory cytokines, particularly IL-8,
CXCL1, and CXCL2, are significantly upregulated in gastric organ samples. These cytokines are rapidly secreted post-
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Figure 3 Potential Mechanisms of Interplay between Low Skeletal Muscle Mass and H. pylori. (A) H. pylori triggers chronic systemic inflammation, which promotes muscle catabolism and
impairs protein synthesis, thereby negatively affecting skeletal muscle mass. (B) H. pylori infection may disrupt the balance of ghrelin and leptin, impair hormone signaling pathways, and
thereby reduce anabolic stimuli essential for muscle maintenance. (C) Metabolic syndrome is closely linked to muscle loss, and H. pylori infection may exacerbate metabolic dysregulation
through mechanisms such as inflammation, oxidative stress, and mitochondrial dysfunction, thereby impairing skeletal muscle mass. (D) Chronic gastritis and malabsorption caused by
H. pylori may lead to protein and micronutrient deficiencies, compromising muscle health. (E) H. pylori alters gut microbiome composition, impairing short-chain fatty acid production and
gut-muscle axis communication. Created with BioGDP.com.

Abbreviations: CagA, cytotoxin-associated protein; VacA, vacuolating cytotoxin; DCs, dendritic cell; MS, metabolic syndrome; ROS, reactive oxygen species; Ca, calcium;
Fe, ferrum; VitB12, Vitamin B12; VitD, Vitamin D; IGF-1, insulin-like growth factor I.
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infection, leading to the infiltration of neutrophils and other immune cells, thereby establishing a localized inflammatory
response. Studies have indicated that CagA-positive strains elicit greater IL-8 secretion than CagA-negative strains,
suggesting that specific virulence factors of H. pylori can amplify the inflammatory response.*® H. pylori also suppresses
the host immune response by interfering with the IFN-y signaling pathway. Specifically, in H. pylori-infected cells, the
JAK/STAT signaling pathway is inhibited, resulting in decreased levels of phosphorylated STAT1. This mechanism
allows H. pylori to evade host immune surveillance while inducing an inflammatory response in nearby uninfected
epithelial cells, creating a microenvironment conducive to its survival.*’ Moreover, H. pylori stimulates the sonic
hedgehog (Shh) signaling pathway in gastric wall cells, a process dependent on the activation of the NF-kB signaling
pathway. Studies have demonstrated that, shortly after H. pylori infection, NF-kB activation promotes Shh expression.
Pre-treatment with NF-«B inhibitors significantly weakens Shh signaling activation, indicating that NF-kB plays a crucial
role in H. pylori-induced Shh signaling, potentially influencing gastric mucosal regeneration and inflammatory
responses.”” H. pylori infection may also facilitate inflammation-related gastric cancer through the activation of the
STAT3 signaling pathway. Specifically, cytokines, such as IL-6 and IL-11, are upregulated following H. pylori infection,
activating STAT3 via the JAK signaling pathway. The activation of STAT3 correlates with the increased expression of
intestinal metaplasia-related genes. These cytokine actions suggest that H. pylori may facilitate pathological changes in
the gastric mucosa through STAT3-dependent mechanisms, thereby elevating the risk of gastric cancer.”’ Through these
specific mechanisms, H. pylori effectively incites host inflammatory responses, potentially leading to chronic gastritis
and other related diseases. In the inflammatory mechanisms of sarcopenia, key inflammatory factors include TNF-a, IL-
6, IL-1 and various chemokines. The elevation of these factors during chronic low-grade inflammation directly affects the
health and function of the muscle tissue.”®> TNF-a activates multiple signaling pathways by binding to its receptor
(TNFR), leading to the activation of the transcription factor NF-kB,>* which subsequently induces the expression of
a range of inflammatory genes. The products of these genes include additional inflammatory factors and chemokines that
create a positive feedback loop that exacerbates the inflammatory response. Furthermore, TNF-a promotes apoptosis in
muscle cells and enhances the degradation of muscle proteins, resulting in muscle atrophy. IL-6 serves as
a multifunctional cytokine, acting both as a pro-inflammatory agent and, in certain contexts, as exerting anti-
inflammatory agent.’* Elevated levels of IL-6 are associated with diminished muscle mass in cases of sarcopenia, as it
promotes protein degradation in muscle cells while inhibiting protein synthesis via the JAK/STAT signaling pathway. IL-
1, a potent pro-inflammatory cytokine, mediates its effects primarily through IL-1 receptors, leading to NF-«xB activation
and promoting the expression of inflammatory genes.* IL-1 can also induce apoptosis in muscle cells, further
diminishing muscle quality. They attract immune cells such as macrophages and lymphocytes to the site of inflammation,
thereby intensifying local inflammatory reactions. The influx of immune cells triggers the release of additional
inflammatory factors, thereby perpetuating a vicious cycle that exacerbates muscle damage. NF-«kB is a central transcrip-
tion factor in inflammatory responses, and its activation not only drives the expression of the aforementioned inflam-
matory factors but also regulates genes involved in cell survival, proliferation, and apoptosis. Persistent activation of NF-
kB ultimately leads to muscle cell apoptosis and a decline in muscle quality, culminating in sarcopenia. These pro-
inflammatory factors disseminate throughout the systemic circulation, causing long-term chronic inflammation that
negatively affects skeletal muscle mass and strength, thereby accelerating the onset of sarcopenia.

Second, H. pylori infection influences the energy balance by affecting the secretion of ghrelin and leptin (Figure 3B).
Ghrelin stimulates appetite and promotes the release of growth hormone, aiding in the maintenance of muscle quality,
while leptin is associated with inflammatory responses, insulin sensitivity, appetite regulation, and fat deposition.>
Patients with low skeletal muscle quality typically exhibit reduced ghrelin levels, and leptin levels may also be closely
linked to muscle aging; thus, these two hormones may serve as critical links between H. pylori infection and low skeletal
muscle mass.’® The impact of sex hormones on H. pylori infection is complex. Studies have suggested that estrogen may
have protective effects against H. pylori infections. Estrogen enhances the barrier function and antioxidant capacity of the
gastric mucosa, potentially reducing gastritis and related lesions caused by H. pylori infection.*® In contrast, testosterone
promotes H. pylori infection. Males may be more prone to develop gastritis or other related diseases after H. pylori
infection due to lower immune responses.’’ Estrogen is recognized for its immunomodulatory effects; it can enhance the
functions of certain immune cells,” such as macrophages and T cells, thereby bolstering the host’s resistance to H. pylori
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infection. Concurrently, estrogen can induce the expression of anti-inflammatory factors,”® mitigating the inflammatory
responses that contribute to the gastric mucosal damage caused by H. pylori. Estrogen reduces oxidative stress levels by
enhancing antioxidant enzyme activity,” thereby alleviating cellular damage induced by H. pylori infection. Testosterone
impairs the healing of ulcers by causing a reduction in blood flow at the ulcer periphery, elevating plasma concentrations
of IL-1B and TNF-o, and, specifically for gastric ulcers, increasing gastric acid production.®® Physiological states such as
the menstrual cycle, pregnancy, and menopause lead to fluctuations in estrogen and progesterone, which may influence
H. pylori infection status and the incidence of associated complications. The effects of sex hormones on low skeletal
muscle mass predominantly involve the estrogen and testosterone levels. Estrogen promotes muscle protein synthesis
while inhibiting muscle degradation, thereby assisting in maintaining muscle quality in women.®' By binding to estrogen
receptors, estrogen activates downstream signaling pathways such as the PI3K/Akt pathway, which plays a critical role in
regulating muscle cell growth and survival.®* Testosterone is vital for maintaining male skeletal muscle quality, with low
testosterone levels associated with low skeletal muscle mass. Testosterone helps sustain muscle quality by promoting
muscle synthesis and inhibiting degradation, primarily through the activation of androgen receptors (AR) in the muscles.
The activation of the AR occurs via ligand-independent pathways including IGF-I induced MAPK-ERK1/2, p38, and
JNK phosphorylation in C2C12 muscle cells.® In the elderly population, regardless of gender, declining levels of sex
hormones with age may result in diminished skeletal muscle mass. The loss of protective effects of sex hormones,
coupled with weakened muscle synthesis capabilities and increased inflammation and oxidative stress, accelerates the
decline in muscle mass. Therefore, fluctuations in sex hormones not only directly affect skeletal muscle health but are
also closely related to chronic diseases, nutritional status, and overall quality of life. Collectively, sex hormones modulate
immune responses that affect the severity of H. pylori infection, whereas the presence of H. pylori can trigger chronic
inflammation and nutrient absorption impairments, directly or indirectly affecting skeletal muscle health. A dynamic
network of interactions among sex hormones, H. pylori infection, and low skeletal muscle mass warrants further
investigation to elucidate its potential clinical significance.

Third, metabolic syndrome is characterized by a cluster of vascular risk factors, including insulin resistance,
hypertension, abdominal obesity, dysglycemia, and dyslipidemia.** These metabolic disorders are closely related to
muscle loss, potentially exacerbating sarcopenia through mechanisms involving inflammatory factors, oxidative stress,
and mitochondrial dysfunction. Inflammatory responses and factors produced during H. pylori infection are significant
etiologies of insulin resistance and metabolic syndrome (Figure 3C). Long-term chronic inflammation and immune
dysfunction coexisting with metabolic syndrome may represent susceptibility factors for H. pylori infection.®*
Furthermore, H. pylori may aggravate these metabolic disturbances, indicating a potential link to low skeletal muscle
mass.

Fourth, H. pylori can disrupt gastrointestinal function, leading to impaired nutrient absorption, particularly affecting
the uptake of essential nutrients such as iron, calcium, vitamin B12, and vitamin D.*® Research indicates that H. pylori
induces chronic gastritis and alters gastric acid secretion, thereby interfering with normal digestive processes and
resulting in poor nutrient absorption (Figure 3D). For instance, H. pylori infection may damage gastric parietal cells,
reducing the synthesis of intrinsic factors that are crucial for vitamin B12 absorption and potentially leading to deficiency.
Furthermore, there is a correlation between H. pylori infection and iron-deficiency anemia, as it can reduce gastric acid
secretion, subsequently affecting the absorption of non-heme iron.®® In children, nutrient absorption impairments during
growth and development stages can result in stunted growth and limited cognitive development, and in older adults,
nutritional deficiencies can accelerate the loss of skeletal muscle mass, increasing the risk of sarcopenia. However,
variations in dietary habits across different regions as well as differences in H. pylori prevalence may significantly
influence nutrient absorption outcomes,?® thus affecting skeletal muscle mass. Diets high in salt and fat may favor the
growth and transmission of H. pylori, whereas diets rich in antioxidants and dietary fiber may help reduce the risk of
infection. Additionally, lifestyle factors, sanitation conditions, and drinking water safety in various geographical areas
also affect the epidemiological characteristics of H. pylori infections. For example, in some developing countries, poor
sanitary conditions result in a higher prevalence of H. pylori infection, adversely affecting the nutritional status of the
local populations. Conversely, in developed countries, improved public health standards have led to lower rates of
H. pylori infections and enhanced nutrient absorption among residents. Therefore, regional factors represent critical
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variables influencing H. pylori infection and its effects on nutrient absorption, ultimately affecting skeletal muscle mass,
warranting rigorous and systematic experimental studies to further elucidate these relationships.

Fifth, H. pylori infection disrupts the balance of the gut microbiota, altering the pH levels within the stomach, and
consequently affecting the environment of the small and large intestines. Such changes may promote the growth of
certain bacteria while inhibiting the proliferation of beneficial organisms, such as lactic acid bacteria and bifidobacteria,
leading to dysbiosis.®® Treatment of H. pylori infection typically involves antibiotics, which may further disturb the
equilibrium of gut microbiota, resulting in gastrointestinal health issues.’® A healthy gut microbiome produces short-
chain fatty acids (SCFAs), maintaining stability within the intestinal environment (Figure 3E). SCFAs are primarily
produced by the gut microbiota through the fermentation of indigestible carbohydrates such as dietary fiber. The common
SCFAs include acetate, propionate, and butyrate. SCFAs enhance muscle protein synthesis by activating insulin signaling
pathways, which increases amino acid uptake in muscle cells. For instance, SCFAs stimulate the expression of IGF-1,
a key regulator of muscle growth. Additionally, SCFAs have been shown to activate the mammalian target of rapamycin
(mTOR) signaling pathway, which is crucial for cell growth and muscle synthesis. By stimulating this pathway, SCFAs
contribute to improved rates of muscle protein synthesis.®” Moreover, SCFAs possess anti-inflammatory properties that
can lower the levels of pro-inflammatory factors, thereby reducing the detrimental effects of chronic inflammation on the
muscle tissue. A low-inflammation environment protects muscle cells and decreases protein degradation rates. SCFAs
also enhance the barrier function of intestinal epithelial cells, improving nutrient absorption, which is vital for main-
taining muscle mass.®® Importantly, SCFAs are not confined to the gut; SCFAs can enter the bloodstream and exert
systemic effects. Research has indicated that SCFAs, as metabolites of the gut microbiota, influence systemic inflam-
matory responses, glucose metabolism, and lipid metabolism. SCFAs play a significant role in preserving skeletal muscle
quality through various mechanisms, including the promotion of muscle synthesis, inhibition of muscle breakdown, and
regulation of inflammation. SCFAs levels are influenced by the gut microbiota, and H. pylori infection can disrupt this
balance. Studies suggest that H. pylori infection leads to dysbiosis, potentially affecting skeletal muscle status through
the “gut-muscle axis” ultimately resulting in muscle loss.®> As we delve into the conclusion, it is imperative to consider
these interconnected factors in understanding the broader impacts of H. pylori on health, particularly concerning low
skeletal muscle mass.

Conclusion

Overall, understanding the complex relationship between H. pylori infection and low skeletal muscle mass remains an
important area for future research. Potential mechanisms underlying this association may include chronic inflammation,
hormonal dysregulation, oxidative stress, mitochondrial dysfunction, malnutrition, and gut dysbiosis. This study under-
scores the clinical and public health significance of considering H. pylori screening in patients at risk of low skeletal
muscle mass. Eradication therapy might offer dual benefits by controlling infection and preserving muscle health. Further
longitudinal and mechanistic studies are essential to elucidate their interplay, ultimately enabling personalized treatment
approaches and informed health policies.
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