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ABSTRACT

Background and aim: Cholelithiasis has traditionally been considered a disease of older adults; however, its 

incidence among young adults is increasing worldwide. Most previous studies have focused on isolated risk 

factors, despite growing evidence that gallstone formation is a multifactorial process involving the accumulation 

of multiple modest risk factors. This study aimed to evaluate the association between cumulative exposure to 

selected metabolic and demographic risk factors and the presence of cholelithiasis among young adults in a 

Southeast Asian population. 

Methods: A hospital-based case–control study was conducted among adults aged 18–39 years at a tertiary 

referral center in Indonesia. A total of 141 participants were included (47 cases with cholelithiasis and 94  

controls). Cholelithiasis was confirmed by abdominal ultrasonography or computed tomography. Independent 

variables included sex, body mass index (BMI), lipid profile, total bilirubin, physical activity, and a cumulative 

risk burden score constructed from multiple concurrent risk factors. Multivariable logistic regression analysis 

was performed. 

Results: Female sex (adjusted OR 2.67; 95% CI 1.12–6.35) and obesity (adjusted OR 2.81; 95% CI 1.08–7.32) 

were independently associated with cholelithiasis. Individual metabolic parameters were not significant when 

analyzed separately. In contrast, participants with more than four concurrent risk factors had a substan-

tially higher likelihood of cholelithiasis (adjusted OR 4.50; 95% CI 1.43–14.19), indicating a pattern of risk 



Acta BiomedICA 2026; Vol. 97, N. 3: 18588   DOI: 10.23750/abm.2026.185882

accumulation when multiple modest risk factors coexist rather than evidence of a biological threshold or syner-

gistic effect. 

Conclusions: Young-onset cholelithiasis appears to be associated with the cumulative burden of multiple 

modest risk factors rather than any single dominant determinant. Quantifying cumulative risk burden may offer 

an exploratory framework for early risk stratification and prevention in metabolically transitioning populations. 

(www.actabiomedica.it)
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Introductions

Cholelithiasis has long been considered a dis-
ease predominantly affecting older adults; however, 
contemporary evidence indicates a clear epide-
miological shift toward younger age groups. Global 
data have demonstrated that gallstone disease is in-
creasingly diagnosed in individuals under 40 years 
of age, a phenomenon now referred to as young-
onset cholelithiasis (1). This trend parallels the ris-
ing prevalence of obesity, sedentary lifestyles, and 
metabolic disturbances occurring at earlier stages 
of life, particularly in low- and middle-income re-
gions undergoing rapid socioeconomic transitions. 
The clinical implications of cholelithiasis in young 
adults are substantial. Early-onset disease exposes in-
dividuals to a prolonged lifetime risk of biliary colic, 
acute cholecystitis, and recurrent hospital admis-
sions, often culminating in surgical intervention at a 
relatively young age (2). Consequently, young-onset 
cholelithiasis represents not only a medical concern 
but also a long-term socioeconomic burden, affect-
ing individuals during their most productive years. 
Despite extensive research on gallstone disease, most 
epidemiological studies continue to assess individual 
risk factors in isolation, such as female sex, obesity, 
or dyslipidemia. While these factors are well estab-
lished, this reductionist approach may inadequately 
reflect the biological complexity of gallstone forma-
tion. Current pathophysiological evidence indicates 
that cholelithiasis is a multifactorial condition result-
ing from the coexistence of metabolic, hormonal, and 
lifestyle-related factors that collectively influence bile 

composition and gallbladder motility, rather than the 
effect of a single dominant abnormality (2,3). Emerg-
ing evidence suggests that the cumulative burden of 
multiple modest risk factors, rather than isolated 
exposures, may play a particularly important role 
in gallstone development among young adults, who 
may not yet exhibit advanced metabolic disease (4). 
However, studies explicitly examining the aggrega-
tion of risk factors in this age group remain limited, 
and age-specific data on cumulative risk patterns are 
still scarce. This knowledge gap is especially relevant 
in Southeast Asia, where rapid urbanization, dietary 
westernization, and increasing rates of overweight 
and obesity have substantially altered metabolic risk 
profiles in younger populations (5,6). Although gall-
stone disease is increasingly encountered in clinical 
practice across the region, existing studies largely 
focus on older adults or report prevalence estimates 
without addressing age-specific determinants or cu-
mulative risk patterns. Therefore, the present study 
does not aim to introduce a novel conceptual frame-
work, but rather to apply an established cumula-
tive risk approach to young-onset cholelithiasis in 
a Southeast Asian population. This study aimed to 
explore whether the aggregation of multiple mod-
est metabolic and demographic risk factors is as-
sociated with the presence of cholelithiasis among 
young adults, without implying causal, synergistic, 
or threshold mechanisms. By adopting this integra-
tive but exploratory approach, the present study seeks 
to contribute region-specific evidence and to sup-
port earlier risk stratification strategies in younger 
populations.
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Methods

This analytical observational study employed a 
hospital-based case control design to evaluate determi-
nants of cholelithiasis among young adults. The study 
was conducted at a tertiary referral hospital in Indo-
nesia between May 2025 and the time at which the 
required sample size was achieved. A case control ap-
proach was selected to efficiently assess multiple meta-
bolic and lifestyle-related risk factors associated with a 
relatively uncommon clinical outcome in younger pop-
ulations. The study population comprised adults aged 
18–39 years who attended the gastrohepatology out-
patient clinic or were admitted to the inpatient ward 
during the study period. This age range was chosen 
to specifically capture young-onset cholelithiasis and 
to examine risk patterns beyond the traditional age-
centered framework associated with gallstone disease. 
Cases were defined as participants with cholelithiasis 
confirmed by abdominal ultrasonography or computed 
tomography. Controls were participants without evi-
dence of cholelithiasis on imaging, who underwent ab-
dominal imaging for non-biliary indications, such as 
nonspecific abdominal complaints or routine clinical 
evaluation. This approach was adopted to ensure that 
controls were derived from the same source popula-
tion as cases. Participants were excluded if they had a 
history of gallstone-related complications (acute chol-
ecystitis, cholangitis, choledocholithiasis, pancreatitis, 
or gallbladder malignancy), were pregnant, or had a 
history of current or prior use of medications known 
to influence bile composition or gallstone formation, 
including lipid-lowering agents or high-dose estrogen 
therapy. Sample size estimation for a case control study 
yielded a minimum requirement of 94 participants. To 
improve statistical precision and power, a total of 141 
participants were ultimately included, consisting of 47 
cases and 94 controls with a 1:2 case-to-control ratio. 
Participants were recruited using consecutive sampling, 
a pragmatic approach commonly applied in hospital-
based observational studies. The dependent variable 
was the presence of cholelithiasis. Independent vari-
ables included sex, body mass index (BMI), lipid pro-
file parameters, total bilirubin levels, physical activity, 
and cumulative risk burden. Body weight and height 
were measured using standardized instruments, and 

BMI was calculated as weight (kg) divided by height 
squared (m²). Obesity was defined using Asia–Pacific 
criteria (BMI ≥25.0 kg/m²), which have been shown 
to better reflect metabolic risk in Asian populations. 
Fasting blood samples were collected to assess high-
density lipoprotein (HDL) cholesterol, low-density 
lipoprotein (LDL) cholesterol, triglycerides, and total 
bilirubin using enzymatic colorimetric methods. Dys-
lipidemia was defined as HDL cholesterol <40 mg/dL 
in men and <50 mg/dL in women, LDL cholesterol 
≥130 mg/dL, or triglyceride levels ≥150 mg/dL, con-
sistent with widely used clinical guidelines. Elevated 
total bilirubin was defined as a serum level >1.2 mg/dL.  
Physical activity was assessed using a standardized 
questionnaire and categorized according to metabolic 
equivalent task (MET)-minutes per week as light 
(<600 MET-min/week), moderate (600–2999 MET-
min/week), or vigorous (≥3000 MET-min/week), in 
line with established physical activity classification 
frameworks. Cumulative risk burden was defined as 
the total number of concurrent metabolic and lifestyle-
related risk factors present in each participant. The in-
cluded risk factors were obesity, dyslipidemia, elevated 
total bilirubin levels, and low physical activity. Female 
sex was deliberately excluded from the cumulative risk 
score and was analyzed separately as an independent 
covariate to avoid conceptual overlap and collinearity. 
Each risk factor contributed one point to the cumu-
lative score. Equal weighting was applied due to the 
exploratory nature of the study and the limited sample 
size, which precluded reliable derivation of weighted 
or interaction-based models. Participants were catego-
rized into three groups: fewer than three risk factors, 
three to four risk factors, and more than four risk fac-
tors. This categorization was adopted solely to describe 
patterns of risk accumulation and does not imply the 
presence of biological thresholds or synergistic ef-
fects. Descriptive statistics were used to summarize 
participant characteristics. Categorical variables were 
presented as frequencies and percentages, while con-
tinuous variables were summarized as mean ± standard 
deviation or median with interquartile range, as appro-
priate. Associations between cumulative risk burden 
and cholelithiasis were evaluated using chi-square tests 
and expressed as odds ratios (ORs) with 95% confi-
dence intervals (CIs). Multivariable logistic regression 
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Females had more than a fourfold higher odds of de-
veloping cholelithiasis compared with males (OR = 
4.21; 95% CI: 1.96–9.03; p < 0.001). Similarly, obesity 
was strongly associated with cholelithiasis. Partici-
pants classified as obese had a 4.29-fold increased odds 
of cholelithiasis compared with non-obese individuals 
(OR = 4.29; 95% CI: 1.81–10.15; p < 0.001). In con-
trast, individual metabolic parameters, including HDL 
cholesterol, LDL cholesterol, triglyceride levels, total 
bilirubin, and physical activity level, were not indepen-
dently associated with cholelithiasis (p > 0.05 for all). 
These findings indicate that no single metabolic ab-
normality alone was sufficient to substantially increase 
cholelithiasis risk in this young population.

Cumulative risk burden and cholelithiasis

When risk factors were evaluated cumulatively, 
a distinct pattern emerged. Among participants with 
fewer than three risk factors, cholelithiasis was un-
common, and most individuals belonged to the con-
trol group. Table 1 shows the association between 
the cumulative number of risk factors and cholelith-
iasis in young adults. Participants with three to four 
risk factors did not demonstrate a statistically sig-
nificant increase in risk compared with the reference 
group (OR = 0.74; 95% CI: 0.23–1.60). In contrast, 
participants with more than four concurrent risk 
factors exhibited a markedly increased likelihood of 
cholelithiasis, with an 8.67-fold higher odds com-
pared with those with fewer than three risk factors 
(95% CI: 2.62–21.8; p < 0.001). This increase in odds 
was observed in association with higher cumulative 
exposure to concurrent risk factors and should be 
interpreted as a descriptive pattern of risk accumu-
lation rather than evidence of a biological threshold 
or synergistic effect.

analysis using a backward stepwise approach was 
performed to identify independent determinants of 
cholelithiasis after adjustment for potential confound-
ers. No formal interaction or non-linear analyses were 
conducted. A two-sided p-value <0.05 was considered 
statistically significant. Written informed consent was 
obtained from all participants prior to enrollment in 
the study.

Results

Participant characteristics

A total of 141 young adults aged 18–39 years were 
included in the analysis, consisting of 47 cases (33.3%) 
with cholelithiasis and 94 controls (66.7%) without 
cholelithiasis. The mean age was comparable between 
the two groups (cases: 31.02 ± 4.51 years; controls: 
31.65 ± 5.97 years), indicating adequate age matching. 
Overall, the sex distribution was nearly equal; however, 
female participants were disproportionately represented 
in the cholelithiasis group. The mean body mass index 
(BMI) of the study population was 24.25 ± 3.93 kg/m², 
with a substantial proportion classified as overweight or 
obese. Metabolic profiling showed that more than half 
of participants had low HDL cholesterol, while nearly 
half exhibited elevated LDL levels. Elevated triglycer-
ides and total bilirubin were less frequent. Most partici-
pants reported low levels of physical activity, reflecting a 
predominantly sedentary lifestyle.

Bivariate associations between individual  
risk factors and cholelithiasis

In bivariate analysis, female sex was significantly 
associated with cholelithiasis among young adults. 

Table 1. Association Between the Number of Risk Factors and Cholelithiasis in Young Adults

Cumulative Number of Risk Factors

Group

OR (CI95%) pCase Control

<3 (Reference)
3-4
>4

9 (23.1%)
12 (18.2%)
26 (72.2%)

30 (76.9%)
54 (81.8%)
10 (27.8%)

1.00
0.74 (0.23-1.60)
8.67 (2.62-21.8)

<0.001
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A pronounced increase in the odds of cholelithiasis 
was observed only among participants with a higher 
number of concurrent risk factors; however, this pat-
tern should be interpreted as an associative and de-
scriptive finding rather than evidence of a biological 
threshold or synergistic effect. Given the absence of 
formal interaction analyses and the limited sample size, 
the present results should be regarded as hypothesis- 
generating and interpreted with caution (4,7). These 
findings are particularly relevant in Southeast Asian 
populations undergoing rapid epidemiological and 
metabolic transitions, where clustering of modest risk 
factors in younger age groups is increasingly com-
mon. Previous studies have shown that obesity and 
early metabolic dysregulation play central roles in gall-
stone formation, while other metabolic abnormalities 
may act as amplifiers rather than independent drivers 
of disease (4,5,7). In summary, assessing cumulative 
risk burden may offer a more integrative, exploratory 
framework for understanding young-onset cholelithi-
asis in metabolically transitioning populations. Larger, 
population-based studies with more robust analytical 
designs are required to confirm these observations and 
to clarify the potential role of cumulative risk assess-
ment in early prevention and risk stratification strate-
gies (7-10).

Limitations

Several limitations of this study should be acknowl-
edged. First, the hospital-based case–control design in-
troduces the potential for selection bias, as both cases and 
controls were derived from individuals undergoing medi-
cal evaluation. Although control participants underwent 
abdominal imaging for non-biliary indications, their risk 
profile may not fully represent that of the general popula-
tion. Second, the construction of the cumulative risk burden 

Multivariable logistic regression analysis

Multivariable logistic regression analysis using a 
backward stepwise approach was performed to iden-
tify independent determinants of cholelithiasis. The 
results of the multivariate logistic regression analysis 
are presented in Table 2. After adjustment, cumula-
tive risk burden >4 emerged as the strongest independ-
ent determinant (OR = 4.50; 95% CI: 1.43–14.19;  
p = 0.010).

Female sex (OR = 2.67; 95% CI: 1.12–6.35; p = 
0.027) and obesity (OR = 2.81; 95% CI: 1.08–7.32;  
p = 0.034) also remained independently associated 
with cholelithiasis after controlling for other variables.

The magnitude of the odds ratio associated with 
cumulative risk burden suggests that the aggregation 
of multiple modest risk factors may be descriptively 
more informative than individual risk factors alone in 
this population, although causal inference cannot be 
made.

Conclusions

This study indicates that cholelithiasis in young 
adults is more closely associated with the cumulative 
burden of multiple modest metabolic and demographic 
risk factors than with any single isolated determinant. 
Although female sex and obesity remained indepen-
dently associated with cholelithiasis, individual meta-
bolic parameters such as lipid fractions, total bilirubin 
levels, and physical activity were not sufficient, when 
evaluated separately, to substantially increase disease 
risk. This finding is consistent with contemporary 
evidence suggesting that gallstone disease reflects the 
combined influence of multiple metabolic disturbances 
rather than a single dominant abnormality (1-4).  

Table 2. Multivariate Analysis of Risk Factors for Cholelithiasis

Step Variabel p OR

95% C.I

Lower Upper

Step 1 Sex 0.027 2.665 1.118 6.352

BMI 0.034 2.813 1.081 7.318

Cumulative Number of Risk Factors (3-4) 0.422 0.659 0.238 1.822

Cumulative Number of Risk Factors (>4) 0.010 4.504 1.430 14.187
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involved equal weighting of heterogeneous metabolic and  
lifestyle-related variables, which may oversimplify their 
relative biological contributions. This approach was 
adopted due to the exploratory nature of the study and 
the limited sample size, which precluded reliable deri-
vation of weighted scores or formal interaction mod-
eling. Third, the relatively small sample size resulted in 
wide confidence intervals and limited statistical power, 
restricting the ability to detect modest associations and 
precluding formal assessment of interaction, synergy, or 
non-linear effects among risk factors. Accordingly, the 
observed patterns of risk accumulation should be inter-
preted as descriptive and hypothesis-generating rather 
than confirmatory. Finally, the observational and cross-
sectional nature of the data precludes causal inference, 
and residual confounding by unmeasured factors cannot 
be excluded.
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