


Biological, Metabolic, Lifestyle, and Clinical Factors leading to a faster increase of gallstone disease prevalence in men
Abstract
Gallstone disease remains one of the most prevalent disorders of the hepatobiliary system and a major driver of healthcare utilization worldwide. Although gallstones have historically been more frequent in women, multiple populations now report a relative rise in incident gallstone disease among men, coinciding with shifts in cardiometabolic risk profiles, aging demographics, and medication exposures. This review synthesizes contemporary evidence on factors that increase gallstone incidence in men, integrating epidemiologic trends with mechanistic pathways in cholesterol supersaturation, gallbladder dysmotility, inflammation, and metabolic dysregulation. Particular emphasis is placed on male-relevant determinants: central obesity and insulin resistance, type 2 diabetes, hypertension and vascular disease, smoking, dietary quality, physical inactivity, and endocrine contexts such as androgen deprivation therapy. Interactions between nonalcoholic fatty liver disease and gallstone disease are examined as convergent outcomes of metabolic dysfunction. Evidence from large prospective cohorts, systematic reviews, and population-based studies is discussed to highlight modifiable risk factors, identify high-risk male subgroups, and inform prevention and early detection strategies. The most actionable prevention strategy in men is comprehensive cardiometabolic risk reduction: maintaining healthy body weight and waist circumference, improving diet quality, increasing physical activity, and eliminating tobacco use. Viewing gallstones in men as a potential marker of metabolic dysfunction and broader chronic disease risk can strengthen preventive care and may reduce both biliary complications and downstream cardiometabolic burden.
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1. Introduction
Metabolic abnormalities in the body increase the risk of gallbladder stones and their complications, which brings a great economic and social burden. Metabolic abnormalities are mainly produced by a combination of environmental and genetic factors, and studies have shown that metabolic abnormalities are associated with the risk of gallbladder stone disease (Yang et al., 2024). Gallstone disease (GSD) is a common chronic condition characterized by the formation of stones within the gallbladder or biliary tree, with outcomes ranging from asymptomatic stones to biliary colic, cholecystitis, pancreatitis, cholangitis, and downstream associations with other chronic diseases. In many classical epidemiologic descriptions, gallstones were predominantly framed as a female-predominant disorder. Besides the amount of energy intake and metabolic alterations, it is difficult to adequately estimate the exact role played by specific nutrients in large population-based, long-term, prospective epidemiological studies, since gallstone formation is a slow and complex multifactorial process requiring years, and dietary habits are difficult to be described with precision over such a long time span (Ciaula et al., 2019). However, contemporary global assessments indicate that gallstones remain common across both sexes and that sex differences in incidence are not static; in several settings, rising cardiometabolic risk has amplified gallstone burden in men, narrowing historical gaps. A recent systematic review of 21st-century studies confirmed that gallstones remain highly prevalent worldwide and quantified considerable heterogeneity by geography, age, detection modality, and sex, underscoring that modern incidence patterns are strongly shaped by population-level exposures rather than biology alone (Wang et al., 2024). 
Men experience gallstones through partly shared pathways with women—such as cholesterol supersaturation of bile and impaired gallbladder motility—yet the exposure profile and relative weighting of determinants differ. Male-predominant or male-salient drivers include visceral adiposity and insulin resistance phenotypes, a high burden of smoking in many populations, cardiometabolic multimorbidity, and medication contexts particular to male health (for example, androgen deprivation therapy in prostate cancer care). Further, large cohort evidence suggests that gallstones in men may track broader metabolic risk and mortality, highlighting that gallstone prevention can be aligned with cardiometabolic prevention. In long-running U.S. cohorts, a history of gallstone disease was associated with elevated all-cause and cause-specific mortality after extensive adjustment, including among men in the Health Professionals Follow-up Study (Zheng et al., 2018). 
1.1 Scope and objective of the article
This review aims to (i) summarize recent epidemiologic evidence indicating increasing or sustained gallstone incidence in men; (ii) describe mechanistic pathways linking male-relevant exposures to stone formation; (iii) critically evaluate modifiable and non-modifiable risk factors with emphasis on those disproportionately prevalent or impactful in men; and (iv) outline implications for prevention, risk stratification, and clinical counseling in male populations.

2. Methods for literature selection
A focused literature search was conducted across PubMed/MEDLINE, Embase, and Web of Science for human studies published from January 2014 to December 2025. Search strings combined controlled vocabulary and keywords, including: (“gallstone” OR “cholelithiasis” OR “gallstone disease”) AND (“men” OR “male” OR “sex differences”) AND (“incidence” OR “risk factors” OR “metabolic syndrome” OR “diabetes” OR “smoking” OR “diet” OR “nonalcoholic fatty liver disease” OR “androgen deprivation therapy”). Priority was given to systematic reviews and meta-analyses, large prospective cohorts, population-based registries, and high-quality cross-sectional analyses with robust adjustment. Studies focused exclusively on pregnancy-related risk or female-only cohorts were excluded; pediatric-only studies, case reports, and non-peer-reviewed sources were excluded. Reference lists of key papers were screened for additional eligible studies.

3. Contemporary epidemiology: why gallstones in men merit renewed attention
Modern syntheses show that gallstones remain widespread in the general adult population and that incidence and prevalence are shaped by detection methods (ultrasound screening vs symptomatic/claims-based ascertainment), age distribution, and cardiometabolic exposures. A 2024 systematic review and meta-analysis centered on 21st-century data emphasized ongoing high global burden and substantial heterogeneity, suggesting that changes in obesity, diabetes, and lifestyle behaviors are likely to shift sex-specific incidence trajectories over time (Wang et al., 2024). 
Sex-disparity analyses from population-based cohorts reinforce that the “female-predominant” characterization is incomplete and context dependent. In the MAUCO prospective cohort, ultrasound-based assessment enabled evaluation of both prevalence and incidence of GSD in men and women, highlighting that male risk is meaningfully structured by metabolic and lifestyle factors and that sex differences can narrow when male cardiometabolic risk increases (Rodríguez Gatta et al., 2024). 
In practice, the apparent incidence of gallstones in men can rise for at least three non-mutually exclusive reasons. First, true incidence can increase as visceral obesity, insulin resistance, and diabetes become more common in men. Second, detection can increase through greater imaging utilization for cardiometabolic and abdominal complaints. Third, competing-risk dynamics can change as longevity increases, allowing more time for stone formation. These forces motivate a male-focused risk-factor synthesis that integrates biology and exposure patterns.

4. Mechanistic foundations linking male exposures to stone formation
Gallstone formation is typically explained through a triad: altered bile composition (especially cholesterol supersaturation), gallbladder hypomotility leading to stasis, and nucleation/inflammation promoting crystal aggregation. In men, several exposures strongly push these mechanisms.
First, central obesity and insulin resistance increase hepatic cholesterol synthesis and secretion into bile while also altering bile acid metabolism, collectively favoring cholesterol supersaturation. Second, insulin resistance and type 2 diabetes contribute to gallbladder dysmotility—reducing emptying and increasing residence time for cholesterol crystals. Third, systemic inflammation, oxidative stress, and endothelial dysfunction—common in smoking and cardiometabolic disease—may influence gallbladder function and mucosal biology, facilitating nucleation and stone growth. Finally, endocrine contexts can modulate bile composition and motility; although estrogens are a well-known driver in women, male endocrine states (including hypogonadism phenotypes and androgen deprivation) may also influence biliary physiology through metabolic intermediates and direct hormonal signaling.

5. Metabolic and anthropometric drivers in men
5.1 Visceral adiposity and obesity phenotypes
Male adiposity is more often centrally distributed, with higher visceral fat fraction at comparable body mass index (BMI). Visceral adiposity is strongly linked to insulin resistance, dyslipidemia, and hepatic steatosis, all of which promote cholesterol gallstone formation. While obesity is a shared risk factor across sexes, the male tendency toward central obesity may increase gallstone risk even at modest BMI elevations, especially when accompanied by hypertriglyceridemia and impaired glucose tolerance. Clinical case–control evidence also reports associations between cholelithiasis and lipid-profile abnormalities, supporting the relevance of disordered lipid metabolism in gallstone pathogenesis (Jabeen et al., 2022)
Large-scale observational analyses and cohort data consistently place obesity among the strongest predictors of incident gallstones. In Japan’s large Shizuoka population-based cohort (claims-linked and health-checkup derived), male sex itself was associated with increased incident gallstone risk, and the risk pattern clustered with comorbid cardiometabolic disease—supporting the idea that male gallstone incidence often rises in the setting of metabolic and vascular multimorbidity (Higashizono et al., 2022). 
5.2 Insulin resistance and type 2 diabetes
Type 2 diabetes mellitus (T2DM) increases gallbladder disease risk through combined effects on bile composition, gallbladder motility, and systemic inflammation. A systematic review and meta-analysis of prospective studies reported that diabetes is associated with higher risk of gallbladder disease, supporting a directionally consistent relationship even after accounting for obesity-related confounding (Aune & Vatten, 2016). 
In men—who often develop T2DM at lower BMI thresholds than women in several populations and may accumulate cardiometabolic comorbidity earlier—diabetes can become a particularly potent contributor to rising gallstone incidence.
5.3 Hypertension, vascular disease, and multimorbidity clustering
Gallstones frequently coexist with hypertension, cerebrovascular disease, and other vascular conditions, likely reflecting shared upstream determinants such as insulin resistance, inflammation, and lifestyle exposures. The Shizuoka cohort reported increased gallstone incidence associated with cerebrovascular disease and hypertension, alongside other chronic conditions (Higashizono et al., 2022). 
In men, high prevalence of vascular disease and cardiometabolic clustering may therefore indirectly elevate gallstone incidence, even when traditional “gallstone-specific” factors are not obvious.

6. Lifestyle and behavioral factors shaping male gallstone risk
6.1 Dietary quality and dietary pattern
Diet influences gallstone formation through effects on body weight, insulin sensitivity, lipid profiles, bile acid composition, and gut–liver signaling. Rather than single nutrients alone, overall dietary quality appears strongly relevant. In a long-term prospective analysis in U.S. cohorts, higher Alternate Healthy Eating Index (AHEI-2010) scores were associated with lower risk of gallstone disease, indicating that dietary patterns rich in plant foods and favorable fat quality may reduce risk (Wirth et al., 2018). 
This is particularly relevant for men because diet quality disparities—higher intake of refined carbohydrates, processed meats, and sugar-sweetened beverages in some male subgroups—can amplify insulin resistance and visceral adiposity, indirectly increasing gallstone incidence.
6.2 Combined healthy lifestyle profiles: evidence in men
A major strength of contemporary epidemiology is the ability to quantify cumulative lifestyle impact. In two prospective cohort studies including a large male cohort (Health Professionals Follow-up Study), a higher healthy lifestyle score—combining body weight, diet quality, physical activity, smoking status, and other behaviors—was associated with substantially reduced risk of symptomatic gallstone disease. Importantly, the risk reduction was pronounced in men as the score increased, reinforcing that gallstones in men are highly modifiable through upstream lifestyle determinants (Wirth et al., 2020). 
6.3 Tobacco smoking
Smoking has historically been more common in men in many regions, making it a critical male-salient exposure. Mechanistically, smoking may impair gallbladder motility, promote oxidative stress, and influence lipid metabolism and inflammation. A systematic review and meta-analysis of cohort studies found that current smoking is associated with increased risk of gallbladder disease and supported a dose–response pattern (Aune et al., 2016). 
Given persistent smoking prevalence in many male populations, tobacco control can be viewed as a gallstone-prevention strategy as well as a cardiovascular and cancer prevention measure. Clinical hospital-based data also show that smoking is disproportionately observed among male cholelithiasis patients, alongside a high burden of diabetes and hypertension, reinforcing cardiometabolic–behavioral clustering in men (Memon et al., 2021)
6.4 Alcohol intake: complex interpretation
Alcohol has a nuanced relationship with gallstones. A systematic review with dose–response meta-analysis found that alcohol consumption was associated with a decreased overall risk of gallstone disease, with patterns suggesting risk reduction across drinking levels and non-linear dose–response features (Cha et al., 2019). 
For men, interpretation must be cautious. Even if moderate intake correlates with lower gallstone incidence, alcohol use carries substantial harms and population-level recommendations cannot be made on gallstone outcomes alone. Clinically, the key implication is that abstinence is not generally considered a gallstone-specific risk factor requiring intervention, whereas hazardous drinking should be addressed for broader health reasons.
6.5 Coffee consumption and protective association
Coffee has been investigated as a potentially protective exposure, possibly through effects on gallbladder motility, bile acid metabolism, and insulin sensitivity. Mendelian randomization evidence supports a causal interpretation consistent with protection against symptomatic gallstone disease (Nordestgaard et al., 2020). 
In men, coffee consumption may partially counterbalance metabolic risk, although its protective magnitude is unlikely to overcome strong drivers such as obesity and diabetes.

7. Liver–metabolic axis: NAFLD as a co-traveler and amplifier of male risk
Nonalcoholic fatty liver disease (NAFLD) and gallstone disease are increasingly recognized as closely linked manifestations of metabolic dysfunction rather than as separate, organ-limited disorders. Both conditions frequently occur in the same individuals and appear to arise from overlapping upstream determinants, most prominently visceral adiposity, insulin resistance, dyslipidemia, and type 2 diabetes. This overlap is not merely conceptual. A systematic review and meta-analysis reported a significant association between gallstone disease and NAFLD, reinforcing that the co-occurrence of these disorders is greater than would be expected by chance alone and supporting a clinically meaningful clustering pattern (Jaruvongvanich et al., 2016). This clustering is particularly relevant when interpreting rising gallstone incidence in men, because the male metabolic phenotype—often characterized by central fat accumulation and earlier cardiometabolic risk accumulation—can act as a common substrate that simultaneously accelerates hepatic steatosis and lithogenic bile formation.
From a mechanistic standpoint, several pathways plausibly explain why NAFLD and gallstones travel together. In NAFLD, hepatic lipid handling is altered in ways that can increase cholesterol availability for biliary secretion. Insulin resistance promotes increased hepatic de novo lipogenesis and perturbs cholesterol and bile acid metabolism, potentially increasing bile cholesterol saturation. At the same time, metabolic syndrome is associated with inflammatory signaling and oxidative stress, which may influence gallbladder mucosal biology and nucleation processes. Gallbladder hypomotility—also linked with insulin resistance—can further increase bile stasis, prolonging the time available for cholesterol crystals to form and grow. While these mechanisms are shared across sexes, they may be especially salient in men because visceral adiposity and cardiometabolic clustering are common, and NAFLD may remain undiagnosed until an incidental ultrasound or abnormal liver enzymes prompts further evaluation.
In male populations, the NAFLD–gallstone link matters for at least two reasons that directly influence clinical interpretation and prevention. First, NAFLD can serve as a visible marker of a high-risk metabolic milieu that is also conducive to gallstone formation. When NAFLD is detected in men—whether through imaging or biochemical suspicion—it should be understood as more than a hepatic finding; it may indicate systemic metabolic dysfunction likely to influence biliary composition and gallbladder motility. The meta-analytic evidence supports that NAFLD is not only associated with gallstones but also that the two conditions cluster in ways consistent with shared causation (Jaruvongvanich et al., 2016). In practical terms, identifying NAFLD in a male patient may justify heightened attention to gallstone symptoms and risk mitigation strategies grounded in metabolic health improvement.
Second, gallstones and cholecystectomy history may be interpreted as markers of prolonged metabolic exposure that also contributes to NAFLD. The directionality of association is not necessarily one-way; rather, both disorders may emerge in parallel from persistent insulin resistance and dyslipidemia. In this context, gallstone detection in men—particularly if it is symptomatic disease or occurs alongside obesity and diabetes—should prompt consideration of hepatic steatosis evaluation. This is not because gallstones “cause” NAFLD in a simplistic sense, but because gallstones can serve as a clinical signal that the patient’s metabolic environment has likely been lithogenic and steatogenic for years. Therefore, when gallstones are detected in men, clinicians may reasonably consider evaluating for metabolic dysfunction and hepatic steatosis rather than focusing exclusively on biliary symptom management.
Population-based studies further reinforce this shared-metabolic framework. An Iranian population-based study reported associations between NAFLD, metabolic syndrome components, and gallstone disease, consistent with metabolic dysfunction acting as the shared driver that links hepatic steatosis with gallstone formation (Sepehrimanesh et al., 2020). The value of this type of population evidence is that it reflects real-world clustering in community settings rather than referral-biased tertiary-care samples. Importantly, it underscores that the NAFLD–gallstone relationship is not restricted to one geography or healthcare system, supporting broader generalizability of the metabolic-axis interpretation (Sepehrimanesh et al., 2020).
This liver–metabolic axis framing has several implications for understanding male gallstone incidence trends. If visceral adiposity and insulin resistance rise in men at the population level, both NAFLD and gallstone incidence can increase in tandem. As a result, a rising gallstone burden in men may not be a purely biliary phenomenon but a downstream indicator of worsening metabolic health in male populations. This perspective also helps explain why gallstones may appear more frequently in men who present with cardiometabolic multimorbidity: the same metabolic environment that promotes hepatic steatosis and progressive insulin resistance also promotes lithogenic bile and gallbladder stasis. Additionally, because NAFLD is often underdiagnosed in men—particularly when symptoms are absent—gallstones discovered incidentally can represent an opportunity to identify silent metabolic liver disease and initiate risk reduction earlier.
[bookmark: _GoBack]In terms of prevention and clinical management, this section supports a unified strategy: interventions that improve insulin sensitivity, reduce visceral adiposity, and correct dyslipidemia may simultaneously reduce NAFLD progression risk and lower gallstone formation risk. The NAFLD–gallstone association also implies that counseling in men should integrate hepatometabolic and biliary outcomes rather than treating them as separate counseling tracks. For example, a male patient with newly diagnosed NAFLD may benefit from education that metabolic optimization has multiple downstream benefits, including potential reduction in gallstone risk. Conversely, a male patient with newly diagnosed gallstones—especially if obese or prediabetic—may benefit from evaluation for hepatic steatosis and metabolic syndrome components, since NAFLD may be present yet silent (Jaruvongvanich et al., 2016; Sepehrimanesh et al., 2020).
Finally, this axis offers a useful interpretive lens for research and risk stratification. Studies that assess male gallstone risk without measuring hepatic steatosis may miss an important intermediate phenotype. Likewise, NAFLD cohorts that do not track gallstone outcomes may underappreciate biliary complications as part of the metabolic disease spectrum. Bringing these together clarifies that gallstone disease in men can be viewed as one of several metabolic end-organ manifestations, alongside NAFLD, diabetes, and vascular disease, and thus should be integrated into holistic metabolic health frameworks rather than addressed in isolation (Jaruvongvanich et al., 2016; Sepehrimanesh et al., 2020).
8. Male-specific and male-salient clinical contexts
Gallstone disease in men is often driven not only by general metabolic and lifestyle determinants but also by clinical contexts that are either uniquely male or disproportionately concentrated in male populations. Two such contexts are particularly important in contemporary practice: androgen deprivation therapy (ADT) for prostate cancer, and the broader phenomenon of comorbidity clustering with high healthcare contact. These contexts matter because they can increase true biological susceptibility to stone formation, increase the likelihood of detection through frequent imaging, or—most commonly—do both simultaneously. Recognizing these pathways is essential for clinicians because gallstones in men may represent a downstream manifestation of broader endocrine-metabolic disruption and multimorbidity rather than an isolated biliary disorder.
8.1 Androgen deprivation therapy and biliary disease risk
One of the clearest male-specific exposures relevant to gallstone formation is androgen deprivation therapy (ADT), widely used in the management of prostate cancer. ADT is strongly linked to adverse metabolic remodeling, including weight gain, increased visceral adiposity, worsening insulin resistance, and unfavorable lipid changes. These changes are not simply incidental side effects; they map onto the mechanistic pathways that promote cholesterol supersaturation of bile and impair gallbladder contractility, creating a physiologic environment that can favor nucleation and growth of cholesterol-rich stones. In effect, ADT can accelerate the same cardiometabolic trajectory that drives gallstones in the general population, but over a shorter time horizon and in a population already at risk due to age and comorbid disease burden.
Evidence supporting this clinical link is strengthened by observational data demonstrating that ADT exposure is associated with increased risk of biliary disease, consistent with a causal model in which induced hypogonadal states and metabolic shifts elevate biliary pathology risk (Saylor et al., 2014). The importance of this association is practical: men receiving ADT often undergo routine laboratory monitoring and periodic imaging for oncologic surveillance, meaning opportunities exist to integrate gallstone risk counseling and early symptom recognition into standard cancer care. However, clinicians should not interpret “more imaging” as the sole reason for an apparent increase in biliary disease. The metabolic consequences of ADT provide a plausible biologic bridge between treatment and true incident disease, and this bridge aligns with broader evidence linking metabolic dysfunction to gallstone risk.
From a pathophysiologic standpoint, ADT-associated insulin resistance can increase hepatic cholesterol synthesis and secretion into bile, and can contribute to dysregulated bile acid metabolism. Concurrent weight gain—especially central adiposity—amplifies these effects by worsening the lipid milieu and systemic inflammatory tone. In parallel, insulin resistance and autonomic dysfunction patterns common in metabolic syndrome may impair gallbladder emptying, increasing biliary stasis and prolonging the time available for cholesterol crystals to nucleate and aggregate. Over time, these combined changes can shift men from a state of “bile that is borderline lithogenic” to one in which bile is consistently supersaturated with cholesterol and gallbladder dynamics are less effective at clearing crystals.
Clinically, this means gallstone risk in men receiving ADT should be considered within a broader metabolic monitoring framework. In addition to standard oncologic follow-up, attention should be paid to trajectories in body weight, waist circumference, fasting glucose or HbA1c, and lipid profiles, because deterioration across these domains plausibly signals increasing lithogenic risk. The practical goal is not to over-screen asymptomatic men but to anticipate risk and reduce preventable morbidity. Men who experience rapid weight gain or worsening glycemic control on ADT may benefit from intensified lifestyle support and cardiometabolic risk optimization, which could plausibly reduce gallstone risk as part of an integrated approach. Importantly, biliary symptoms in this population—right upper quadrant pain, postprandial discomfort, or episodic nausea—should not be dismissed as nonspecific, because the underlying risk context is meaningfully altered by therapy exposure (Saylor et al., 2014).
8.2 Comorbidity burden and healthcare contact
A second major driver of gallstone incidence signals in men is comorbidity burden coupled with frequent healthcare contact. Men with multiple chronic conditions—particularly vascular disease, hypertension, diabetes, chronic liver enzyme abnormalities, or malignancy—are more likely to undergo abdominal imaging for a range of diagnostic purposes. This can increase detection of asymptomatic gallstones, creating an “ascertainment effect” that inflates apparent incidence relative to populations with fewer imaging encounters. Yet the most informative studies are those suggesting that the comorbidity–gallstone relationship cannot be explained by detection alone.
Claims-based cohort findings from Japan’s Shizuoka Study provide important evidence in this regard. In that population-based cohort, multiple comorbidities were associated with incident gallstone diagnosis over follow-up, indicating that systemic disease burden itself likely contributes to gallstone formation rather than merely increasing the probability that pre-existing stones are discovered (Higashizono et al., 2022). This is a crucial distinction for male risk interpretation. If comorbidity primarily increased detection, clinicians would treat gallstones in multimorbid men as an imaging artifact. If comorbidity also increases true disease incidence, then gallstones become a meaningful downstream outcome of a broader pathobiologic state—one characterized by metabolic dysfunction, inflammation, and altered hepatic handling of cholesterol.
Several plausible mechanisms connect multimorbidity to stone formation in men. First, cardiometabolic comorbidities often share upstream drivers such as insulin resistance, dyslipidemia, and chronic low-grade inflammation, which together increase cholesterol saturation in bile. Second, systemic illness can be accompanied by changes in diet, reduced physical activity, and weight fluctuations that can destabilize biliary physiology. Third, polypharmacy and complex care pathways can indirectly influence risk by shaping weight trajectories and metabolic parameters; while specific drug mechanisms are outside the scope of this short section, the broader principle is that the clinical “package” of multimorbidity often includes exposures that collectively increase lithogenic potential. The Shizuoka findings therefore help anchor an interpretation in which gallstones are not simply coincident in men with multiple illnesses but can be part of the metabolic–systemic consequences of chronic disease accumulation (Higashizono et al., 2022).
A practical implication is that incident gallstones diagnosed in multimorbid men should prompt a careful, integrated assessment rather than siloed biliary management alone. Clinicians should consider whether gallstone detection marks a period of worsening metabolic control or broader systemic deterioration. Even when stones are asymptomatic at discovery, the presence of stones may indicate a persistent lithogenic milieu; in such cases, emphasizing metabolic optimization and symptom education can be clinically sensible. Conversely, when symptomatic disease occurs, the multimorbidity context affects operative risk assessment and shared decision-making. Thus, comorbidity burden shapes gallstone risk not only through biology and detection but also through management complexity—making it a key male-salient context supported by population-based cohort evidence (Higashizono et al., 2022).

9. Gallstones in men as a marker of broader health risk
Gallstones may function as more than an isolated biliary disorder; they can mark prolonged exposure to cardiometabolic risk. In two large U.S. cohorts with decades of follow-up, gallstone disease history was associated with increased all-cause mortality and cause-specific mortality, after adjustment for multiple risk factors (Zheng et al., 2018). 
For men, this association supports a pragmatic clinical stance: gallstones—especially symptomatic disease or cholecystectomy history—should prompt reinforcement of cardiometabolic prevention (weight management, glycemic control, smoking cessation, blood pressure and lipid optimization) rather than being treated as a purely surgical problem.

10. Prevention and risk-reduction implications for male populations
Evidence across cohort studies and meta-analyses converges on a central message: much of male gallstone incidence is driven by modifiable metabolic and lifestyle factors. Weight management—particularly reduction of visceral adiposity—likely offers the largest risk reduction leverage because it improves bile composition drivers and insulin resistance. Diet quality improvements appear protective independent of weight alone, consistent with data linking higher healthy eating scores with lower gallstone risk (Wirth et al., 2018). 
Similarly, a composite healthy lifestyle pattern can reduce symptomatic gallstone incidence substantially, including in men, supporting multi-component interventions rather than single-factor counseling (Wirth et al., 2020). 
Smoking cessation should be emphasized as a gallbladder-relevant intervention because smoking increases gallbladder disease risk and is disproportionately prevalent in many male groups (Aune et al., 2016). 
Coffee intake may be discussed as a potentially protective habit for men who already consume it, given causal-inference evidence from Mendelian randomization; however, it should be framed as adjunctive rather than primary prevention (Nordestgaard et al., 2020). 
Finally, in men undergoing ADT, proactive metabolic risk mitigation may also reduce biliary disease burden (Saylor et al., 2014). 

11. Conclusions
Gallbladder stone incidence in men is increasingly shaped by modern exposure profiles rather than immutable biology. The strongest drivers are central obesity and insulin resistance, type 2 diabetes, and clustered cardiometabolic disease, with smoking and suboptimal dietary patterns acting as major amplifiers. Male-specific clinical contexts, particularly androgen deprivation therapy, can further elevate biliary risk through adverse metabolic remodeling. The most actionable prevention strategy in men is comprehensive cardiometabolic risk reduction: maintaining healthy body weight and waist circumference, improving diet quality, increasing physical activity, and eliminating tobacco use. Viewing gallstones in men as a potential marker of metabolic dysfunction and broader chronic disease risk can strengthen preventive care and may reduce both biliary complications and downstream cardiometabolic burden.

12. Limitations
This review is limited by heterogeneity across studies in gallstone ascertainment (ultrasound screening versus symptomatic diagnosis or claims-based coding), variation in confounder adjustment, and limited male-stratified mechanistic data in some domains. Additionally, observational associations do not always imply causality, and causal inference methods (such as Mendelian randomization) are available only for selected exposures. Finally, risk factor profiles vary by ethnicity and region, so population-specific calibration is necessary when translating these findings into local prevention strategies.
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