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Article 
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Abstract: Background: Gallstones represent a common gastrointestinal disorder, affecting approximately 10-

20% of the global population. Oxidative stress plays a pivotal role in the pathogenesis of gallstones; however, 

there remains a lack of effective clinical indicators to predict their formation. This study addresses this gap by 

investigating the relationship between oxidative balance score (OBS) and the incidence of gallstones and 

gallbladder surgery, utilizing data from the National Health and Nutrition Examination Survey (NHANES) 

from 2017 to 2020. Methods: This study investigated the association between  OBS and the occurrence of 

gallstones and gallbladder surgery by analyzing data from NHANES for the period 2017–2020, adjusting for 

potential confounders such as age, sex, race, and comorbidities. Various statistical analyses were applied, 

including multivariate logistic regression, subgroup analyses, and smoothed curve-fitting models.Results: The 

results revealed a significant negative correlation between OBS and the risks of both gallstones and gallbladder 

surgery, with each one-unit increase in OBS associated with a 2.6% reduction in gallstone risk (OR=0.974, 95% 

CI: 0.958-0.990) and a 3.3% reduction in the risk of gallbladder surgery (OR=0.967, 95% CI: 0.950-0.983). 

Subgroup analyses confirmed the consistency of these associations across various demographic and health-

related factors. Furthermore, a dose-response relationship was observed between higher OBS and a reduced 

risk of gallbladder surgery.Conclusions: This study demonstrates that a higher OBS is associated with a lower 

incidence of gallstones and reduced rates of gallbladder surgery, offering new insights into the link between 

oxidative stress levels and gallstone formation as well as surgical intervention. The findings underscore the 

potential of OBS as a valuable tool for identifying at-risk populations and informing personalized prevention 

strategies for gallstone disease. 
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1. Introduction 

Gallstones are among the most common gastrointestinal disorders worldwide, affecting 

approximately 10-20% of the population, and their prevalence varies by region and ethnicity, being 

generally higher in Europe and the United States compared to Asia [1]. Gallstones impose a 

substantial economic and resource burden on healthcare systems. In the United States, more than 

700,000 cholecystectomies are performed annually, incurring healthcare costs exceeding $6.5 billion, 

and total healthcare expenditures for the prevention and treatment of gallstone disease reach up to 

$62 billion annually, significantly straining the healthcare infrastructure [2]. Although most patients 

with gallstones are asymptomatic, without timely intervention, serious complications such as acute 

pancreatitis, cholangitis, and acute cholecystitis can occur, and can be life-threatening in severe cases 

[3]. Risk factors for gallstones include pregnancy, obesity, metabolic syndrome, a high-fat diet, and 

rapid weight loss [4–6]. Effective clinical indicators to predict or prevent gallstone occurrence are still 

lacking. Thus, effective management of gallstone-related complications and risk factors is critical to 

alleviating the growing health and economic burden they pose. 

Gallstone formation is closely related to abnormal cholesterol metabolism, changes in bile 

composition, dysfunctional gallbladder dynamics, and inflammatory responses, with oxidative stress 
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playing a critical role in these processes [7]. Oxidative stress refers to the imbalance between oxidative 

and antioxidant systems in the body, leading to the overproduction of free radicals such as reactive 

oxygen species (ROS) and reactive nitrogen species (RNS), which induces inflammatory responses 

and causes cellular damage. Cholestasis and gallbladder dysfunction can increase oxidative stress, 

which alters the components of bile, including cholesterol, bile salts, and phospholipids, facilitating 

stone formation [8]. Oxidative stress activates signaling pathways such as NF-κB and Nrf2, causing 

an imbalance in the expression of inflammatory factors and antioxidant enzymes, which promotes 

cholesterol crystallization and accelerates stone formation [9]. 

The Oxidative Balance Score (OBS) is an index used to comprehensively assess an individual’s 

oxidative stress status, combining 16 nutrients and 4 lifestyle factors, including 15 antioxidants and 

5 pro-oxidants, and reflects oxidative balance through quantitative values [10]. A higher OBS 

indicates higher antioxidant levels and lower oxidative stress. Previous studies have shown that OBS 

is associated with conditions such as non-alcoholic fatty liver disease and kidney stones, and a high 

OBS is associated with a lower incidence of these diseases [11,12]. However, no studies have 

investigated the relationship between OBS and gallstones or gallbladder surgery. 

Based on data from the National Health and Nutrition Examination Survey (NHANES) between 

2017 and 2020, this study combines various demographic data, lifestyle factors, and disease 

characteristics, aiming to explore the potential relationship between OBS and gallstones as well as 

gallbladder surgery. The findings are expected to provide important evidence for a deeper 

understanding of the relationship between OBS and the risk of gallstones and surgery, which will 

help clinicians more accurately identify high-risk populations, develop personalized prevention and 

treatment strategies, and enhance the health management of gallstone patients. 

2. Materials and Methods 

NHANES is a national survey led by the Centers for Disease Control and Prevention (CDC). 

Since the 1960s, NHANES has helped researchers understand health trends of the U.S. population by 

collecting and analyzing data on health, nutrition, disease, and physical condition.NHANES strictly 

follows the principle of informed consent, with all participants signing a written informed consent 

form prior to their participation, and personal information is strictly anonymized. The data for this 

study was obtained from NHANES 2017-2020.03 There were 15,560 participants with gallstones 

exclusion criteria of (1) Age < 20 years (n = 6328) (2) Participants with missing OBS (n = 3045) (3) 

Participants with lack of data on gallstone prevalence and gallbladder surgery (n = 14). (4) 

Participants who were pregnant (n = 57) (5) Participants missing other covariates (n = 781) Finally, 

5335 participants were included in the final analysis. Of these, 2560 were male and 2775 were female; 

the detailed screening process is shown in Figure 1. 
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Figure 1. Flowchart of the study. 

Exposure Definition 

OBS is a metric used to quantify oxidative stress in the body. The score takes into account the 

levels of 5 pro-oxidants and 15 antioxidants in the body to reflect an individual's oxidative balance. 

Specifically, it is calculated from 16 dietary components, such as dietary fiber, carotenoids, riboflavin, 

niacin, vitamin B6, total folate, vitamin B12, vitamin C, vitamin E, calcium, magnesium, zinc, copper, 

selenium, total fat, and iron, along with 4 lifestyle factors, including physical activity, alcohol 

consumption, smoking status, and body mass index (BMI). Of these, total fat, iron, BMI, alcohol 

consumption, and smoking were considered pro-oxidants, while the other components functioned 

as antioxidants. Physical activity was measured by calculating the frequency and duration of weekly 

activity and the corresponding metabolic equivalent (MET) score. Alcohol consumption was 

categorized into non-drinking, moderate drinking (0-15 g/day for women and 0-30 g/day for men), 

and heavy drinking (≥15 g/day for women and ≥30 g/day for men), while smoking was assessed by 

serum cotinine levels. Other components were stratified according to their tertiles in different gender 

populations, with antioxidants scored 0-2 and pro-oxidants scored 2-0, and all scores were summed 

to calculate the total OBS score. 

Results Definition 

Patients with gallstones were defined as those who responded "yes" to the NHANES MCQ 

questionnaire, "Has a doctor or other health professional ever told you that you have gallstones?" 

Gallbladder surgery patients were identified by answering "yes" to the question, "Have you had 

gallbladder surgery?" 
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Covariates 

To avoid the influence of confounding factors, we included relevant covariates in our analysis. 

The covariates included age, gender, race, education, marital status, poverty-to-income ratio (PIR), 

stroke, lung disease, heart disease, hypertension, diabetes mellitus, alanine aminotransferase (ALT), 

alkaline phosphatase (ALP), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), 

and total energy intake. Race was categorized as Mexican American, non-Hispanic Black, non-

Hispanic White, other Hispanic, and other ethnic groups. Educational attainment was categorized as 

less than high school, high school graduate, and more than high school education. Marital status was 

categorized into three groups: married or cohabiting, divorced, separated, or widowed, and never 

married. PIR was categorized into low-income (<1.3), middle-income (1.3-3.5), and high-income (≥3.5) 

groups. Stroke diagnosis was based on patient self-report. Patients were categorized as having heart 

disease if they were diagnosed with any of congestive heart failure, coronary artery disease, 

myocardial infarction, or angina pectoris, and as having lung disease if diagnosed with any of 

asthma, chronic obstructive pulmonary disease, or emphysema. Hypertension was defined as 

meeting any of the following criteria: (1) diagnosed by a physician; (2) having a mean systolic blood 

pressure of 130 mmHg or more, or a mean diastolic blood pressure of 80 mmHg or more; and (3) 

receiving antihypertensive medication. Diabetes was defined as (1) a physician-confirmed diagnosis, 

(2) an HbA1c value of 6.5% or greater, and (3) treatment with diabetes medication or insulin. Energy 

intake was derived from the mean of two 24-hour dietary recall interviews from NHANES. 

Statistical Analysis 

Continuous variables were reported as mean ± standard deviation (SD), and categorical 

variables were reported as percentages. Statistical significance was assessed using the t-test and chi-

square test. OBS was divided into four quartile groups using Q1 as the reference group. A 

multivariate logistic regression analysis was conducted to examine the association between OBS and 

the prevalence of gallstones, the incidence of gallbladder surgery, and the age at first gallbladder 

surgery. Model 1 was unadjusted, Model 2 was adjusted for age, gender, and race, while Model 3 

was additionally adjusted for age, gender, race, education, marital status, poverty-to-income ratio 

(PIR), history of stroke, lung disease, heart disease, hypertension, diabetes mellitus, liver function 

indicators (ALT, ALP, AST, and GGT), and total energy intake. Results were expressed as weighted 

odds ratios (OR) with 95% confidence intervals (95% CI). The robustness of the results was verified 

by subgroup analyses, and the dose-response relationship between OBS and gallbladder surgery was 

assessed using smoothed curve fitting. All statistical analyses were conducted using R software 

(version 4.4.1, http://www.R-project.org) and EmpowerStats software (versions 2.0 and 4.2, 

http://www.empowerstats.com), and a p-value of <0.05 was considered statistically significant. 

3. Results 

3.1. Participant Characteristics 

This study included 5335 participants aged 20 years or older. As shown in Table 1, the mean age 

of the participants was 50.843 ± 17.122 years, and 47.985% of the participants were male. There were 

586 participants diagnosed with gallstones and 603 participants who underwent gallbladder surgery. 

The mean value of OBS was 21.093 ± 7.280. The group with the highest OBS, compared to the group 

with a lower OBS, had higher ALT, lower ALP, higher AST, lower GGT, higher total energy intake, 

were more likely to be Mexican American, have education beyond high school, a high PIR, and were 

less likely to have complications such as stroke, lung disease, heart disease, hypertension, diabetes, 

gallstones, or gallbladder surgery. 
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Table 1. Characteristics of the study cohort. 

Characteristics 
Total 

(n = 5335) 
Q1 (n = 1189) Q2 (n = 1269) Q3 (n = 1408) Q4 (n = 1469) 

P-

value 

AGE(years) 
50.843 ± 

17.122 

51.511 ± 

17.460 

51.263 ± 

17.254 

50.678 ± 

17.329 

50.098 ± 

16.505 
0.091 

Sex, n (%)      0.588 

Male 
2560 

(47.985%) 

557 

(46.846%) 

614 

(48.385%) 

694 

(49.290%) 

695 

(47.311%) 
 

Female 
2775 

(52.015%) 

632 

(53.154%) 

655 

(51.615%) 

714 

(50.710%) 

774 

(52.689%) 
 

RACE      
<0.00

1 

Mexican American 
603 

(11.303%) 
84 (7.065%) 

132 

(10.402%) 

171 

(12.145%) 

216 

(14.704%) 
 

Other Hispanic 511 (9.578%) 109 (9.167%) 122 (9.614%) 123 (8.736%) 
157 

(10.688%) 
 

Non-Hispanic White 
2048 

(38.388%) 

385 

(32.380%) 

511 

(40.268%) 

569 

(40.412%) 

583 

(39.687%) 
 

Non-Hispanic Black 
1376 

(25.792%) 

474 

(39.865%) 

334 

(26.320%) 

307 

(21.804%) 

261 

(17.767%) 
 

Other Race - Including 

Multi-Racial 

797 

(14.939%) 

137 

(11.522%) 

170 

(13.396%) 

238 

(16.903%) 

252 

(17.155%) 
 

Education level, n (%)      
<0.00

1 

Below high school 
825 

(15.464%) 

239 

(20.101%) 

193 

(15.209%) 

205 

(14.560%) 

188 

(12.798%) 
 

High school 
1245 

(23.336%) 

353 

(29.689%) 

332 

(26.162%) 

299 

(21.236%) 

261 

(17.767%) 
 

Above high school 
3265 

(61.200%) 

597 

(50.210%) 

744 

(58.629%) 

904 

(64.205%) 

1020 

(69.435%) 
 

Marital status , n (%)      
<0.00

1 

Married or living with 

partner 

3143 

(58.913%) 

586 

(49.285%) 

735 

(57.920%) 

878 

(62.358%) 

944 

(64.261%) 
 

Divorced, separated, or 

widowed 

1204 

(22.568%) 

327 

(27.502%) 

305 

(24.035%) 

286 

(20.312%) 

286 

(19.469%) 
 

Never married 
988 

(18.519%) 

276 

(23.213%) 

229 

(18.046%) 

244 

(17.330%) 

239 

(16.270%) 
 

Family PIR, n (%)      
<0.00

1 

<1.3 
1451 

(27.198%) 

468 

(39.361%) 

331 

(26.084%) 

352 

(25.000%) 

300 

(20.422%) 
 

1.3-3.5 
2076 

(38.913%) 

451 

(37.931%) 

537 

(42.317%) 

547 

(38.849%) 

541 

(36.828%) 
 

≥3.5 
1808 

(33.889%) 

270 

(22.708%) 

401 

(31.600%) 

509 

(36.151%) 

628 

(42.750%) 
 

Stroke,n (%)      
<0.00

1 

Yes 270 (5.061%) 94 (7.906%) 68 (5.359%) 50 (3.551%) 58 (3.948%)  

NO 
5065 

(94.939%) 

1095 

(92.094%) 

1201 

(94.641%) 

1358 

(96.449%) 

1411 

(96.052%) 
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Pulmonary disease, n (%)      
<0.00

1 

Yes 
1149 

(21.537%) 

327 

(27.502%) 

289 

(22.774%) 

274 

(19.460%) 

259 

(17.631%) 
 

NO 
4186 

(78.463%) 

862 

(72.498%) 

980 

(77.226%) 

1134 

(80.540%) 

1210 

(82.369%) 
 

Heart disease, n (%)      
<0.00

1 

Yes 499 (9.353%) 
148 

(12.447%) 
126 (9.929%) 119 (8.452%) 106 (7.216%)  

NO 
4836 

(90.647%) 

1041 

(87.553%) 

1143 

(90.071%) 

1289 

(91.548%) 

1363 

(92.784%) 
 

Hypertension, n (%)      
<0.00

1 

Yes 
3043 

(57.038%) 

751 

(63.162%) 

742 

(58.471%) 

798 

(56.676%) 

752 

(51.191%) 
 

NO 
2292 

(42.962%) 

438 

(36.838%) 

527 

(41.529%) 

610 

(43.324%) 

717 

(48.809%) 
 

Diabetes, n (%)      
<0.00

1 

Yes 
1042 

(19.531%) 

279 

(23.465%) 

268 

(21.119%) 

256 

(18.182%) 

239 

(16.270%) 
 

NO 
4293 

(80.469%) 

910 

(76.535%) 

1001 

(78.881%) 

1152 

(81.818%) 

1230 

(83.730%) 
 

ALT 
22.176 ± 

16.879 

21.672 ± 

19.790 

21.610 ± 

17.056 

22.597 ± 

16.302 

22.671 ± 

14.538 

<0.00

1 

ALP 
78.187 ± 

26.892 

81.170 ± 

25.028 

79.020 ± 

27.764 

77.738 ± 

29.432 

75.484 ± 

24.684 

<0.00

1 

AST 
21.848 ± 

13.306 

21.967 ± 

17.995 

21.222 ± 

12.299 

21.923 ± 

12.692 

22.219 ± 

9.784 

<0.00

1 

GGT 
31.871 ± 

43.904 

35.167 ± 

49.391 

32.426 ± 

43.954 

32.799 ± 

51.793 

27.834 ± 

27.636 

<0.00

1 

Energy intake 
2041.781 ± 

839.343 

1377.419 ± 

482.150 

1803.478 ± 

558.697 

2157.387 ± 

671.740 

2674.563 ± 

921.675 

<0.00

1 

Gallstones      0.041 

Yes 
586 

(10.984%) 

144 

(12.111%) 

153 

(12.057%) 

155 

(11.009%) 
134 (9.122%)  

NO 
4749 

(89.016%) 

1045 

(87.889%) 

1116 

(87.943%) 

1253 

(88.991%) 

1335 

(90.878%) 
 

Gallbladder surgery      
<0.00

1 

Yes 
603 

(11.303%) 

156 

(13.120%) 

159 

(12.530%) 

166 

(11.790%) 
122 (8.305%)  

NO 
4732 

(88.697%) 

1033 

(86.880%) 

1110 

(87.470%) 

1242 

(88.210%) 

1347 

(91.695%) 
 

Continuous variables were presented as mean ± standard deviation (SD), while categorical variables were 

expressed as percentages. The statistical significance was assessed using the t-test for continuous data and the 

chi-square test for categorical data.PIR: Poverty Income Ratio;ALT: alanine aminotransferase; ALP: alkaline 

phosphatase; AST: aspartate aminotransferase; GGT: gamma glutamyl transferase. 

3.2. Association of OBS with Gallstones and Gallbladder Surgery 
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Table 2 presents the results of multivariate logistic regression analyses between OBS and 

gallstones as well as gallbladder surgery, with OBS divided into continuous and categorical variables, 

across multiple models adjusted for different covariates. The results indicate that in the fully adjusted 

model (model 2), OBS was significantly and negatively associated with both gallstone prevalence and 

gallbladder surgery. Each one-unit increase in OBS was associated with a 2.6% decrease in the odds 

of gallstone prevalence (OR = 0.974 [0.958, 0.990]) and a 3.3% decrease in the odds of gallbladder 

surgery (OR = 0.967 [0.950, 0.983]). The negative association with gallstone prevalence and 

gallbladder surgery was more pronounced in the highest OBS quartile compared to the lowest. In the 

fourth quartile group, each one-unit increase in OBS was associated with a 43.3% decrease in the odds 

of gallstone prevalence (OR = 0.567 [0.406, 0.793]) and a 53.5% decrease in the odds of gallbladder 

surgery (OR = 0.465 [0.330, 0.655]). 

Table 2. Association between OBS and gallstones and gallbladder surgery  . 

Characteristics Model 1 Model 2 Model 3 

Gallstones    

OBS continuous 0.986 (0.974, 0.997) *  0.981 (0.969, 0.993)  ** 0.974 (0.958, 0.990)  ** 

OBS quartiles    

Quartile 1 1[Reference] 1[Reference] 1[Reference] 

Quartile 2 0.995 (0.781, 1.268)  0.946 (0.736, 1.217)  0.901 (0.691, 1.174)  

Quartile 3 0.898 (0.705, 1.143)  0.851 (0.662, 1.094)  0.784 (0.590, 1.041)  

Quartile 4 0.728 (0.568, 0.934)  * 0.670 (0.517, 0.868)  ** 0.567 (0.406, 0.793)  *** 

P for trend 0.008 0.001 <0.001 

Gallbladder surgery    

OBS continuous 0.978 (0.967, 0.990)  *** 0.970 (0.958, 0.982) ***  0.967 (0.950, 0.983)  *** 

OBS quartiles    

Quartile 1 1[Reference] 1[Reference] 1[Reference] 

Quartile 2 0.949 (0.749, 1.202)  0.867 (0.676, 1.113)  0.841 (0.646, 1.096)  

Quartile 3 0.885 (0.701, 1.118)  0.800 (0.624, 1.024)  0.773 (0.583, 1.026)  

Quartile 4 0.600 (0.467, 0.770)  *** 0.516 (0.397, 0.672)  *** 0.465 (0.330, 0.655)  *** 

P for trend <0.001 <0.001 <0.001 

OR: odds ratio; 95% CI: 95% confidence interval.Model 1: No covariates were adjusted. Model 2: Age, gender 

and race were adjusted. Model 3: Age, gender, race, education level, marital status, PIR, stroke, lung disease, 

heart disease, hypertension, diabetes, and liver function indicators (ALT, ALP, AST, GGT), as well as total energy 

intake were adjusted.*p < 0.05, **p < 0.01, ***p < 0.001; P < 0.05 is considered statistically significant. 

3.3. Subgroup Analysis 

We performed subgroup analyses stratified by age, gender, race, hypertension, and diabetes to 

determine whether the association between OBS and gallstones, as well as gallbladder surgery, was 

consistent across subgroups. As shown in the Figure 2, no significant differences in the associations 

between OBS and gallstones or gallbladder surgery were observed across the subgroups, suggesting 

that the negative correlation between OBS and the prevalence of gallstones and gallbladder surgery 

is consistent. 
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Figure 2. Stratified analysis of the association between OBS and gallstones and gallbladder surgery. 

This analysis considered factors such as Age, gender, race, education level, marital status, PIR, stroke, 

lung disease, heart disease, hypertension, diabetes, and liver function indicators (ALT, ALP, AST, 

GGT), as well as total energy intake. (A) Stratified analysis of the association between OBS and 

gallstones. (B) Stratified analysis of the association between OBS and gallbladder surgery.. 

3.4. Smooth Curve Fitting and Threshold Effect Analysis 

We used smoothed curve fitting to assess the dose-response relationship between OBS and 

gallstones as well as gallbladder surgery. As shown in Figure 3, which illustrates that OBS exhibited 

a linear negative correlation with gallstone prevalence, while a significant nonlinear negative 

correlation was observed with gallbladder surgery. OBS significantly reduced the risk of gallbladder 

surgery when OBS values were below 9, and this relationship leveled off when OBS exceeded 9. 

(Table 3). 
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Figure 3. The dose-response relationship between OBS and gallstones and gallbladder 

surgery.Adjusted for Age, gender, race, education level, marital status, PIR, stroke, lung disease, heart 

disease, hypertension, diabetes, and liver function indicators (ALT, ALP, AST, GGT), as well as total 

energy intake. (A) OBS and gallstones. (B) OBS and gallbladder surgery. 

Table 3. Analysis of threshold effects between OBS and gallbladder surgery. 

Characteristics OR (95% CI) 

Fitting by standard linear model 0.967 (0.950, 0.983)  

Fitting by two-piecewise linear model  

Inflection point 9 

< 9 0.769 (0.617, 0.957)  

> 9 0.971 (0.954, 0.988) 

Log likelihood ratio 0.047 

4. Discussion 

In this study involving 5335 adult participants from the NHANES database, we observed that 

OBS was significantly and negatively associated with the prevalence of gallstones and the incidence 

of gallbladder surgery. Subgroup analyses and interaction tests did not suggest that confounding 

factors influenced this association. Furthermore, curve-fitting analysis corroborated this negative 

association and suggested that the risk of gallbladder surgery can be minimized when OBS is raised 

to at least 9. This result emphasizes the importance of maintaining a robust antioxidant status for the 

prevention of gallstones and gallbladder surgery. 

To the best of our knowledge, this is the first study to explore the association of OBS with the 

prevalence of gallstones and the incidence of gallbladder surgery. This study highlights the negative 

association between diet- and lifestyle-induced OBS levels and the prevalence of gallstones and 

gallbladder surgery, which aligns with previous findings on the relationship between oxidative stress 

and gallstones. Liu et al. [13] demonstrated that oxidative stress affects the metabolism of cholesterol 

and bile acids in bile, and that this metabolic disorder promotes cholesterol crystallization, leading 

to gallstone formation. Pozo et al. [14] suggested that oxidative stress may damage gallbladder 

smooth muscle cells through reactive oxygen species, thereby reducing gallbladder contractility and 

impairing gallbladder emptying, thereby increasing the risk of stone formation. Another animal 

study showed that inhibition of superoxide dismutase activity by a stone-promoting diet led to 

oxidative stress, which activated inflammatory mediators and induced gallbladder inflammation, 

with the inflammatory milieu further contributing to stone formation and progression [15]. 

Evidence from previous studies supports the association between dietary components and 

gallstone formation. Worthington et al. [16] analyzed 24 blood samples from gallstone patients and 

found that dietary antioxidants such as vitamin E, β-carotene, vitamin C, and folic acid were lower 

compared to controls. This finding was supported by Cikim et al. [17], who found significantly lower 

levels of vitamin B12, zinc, and selenium in the sera of 40 female gallstone patients compared to 40 

healthy women. However, no significant differences were found between the two groups for copper 
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and folate, possibly due to sampling error. Naumann et al. [18] found that a hydrophobic interaction 

may exist between bile acids and dietary fiber, which promotes colonic motility and accelerates the 

metabolism of stone-promoting bile acids such as deoxycholic acid and lithocholic acid. Different 

types of fats have differing effects on gallstone formation, with saturated fatty acids elevating 

cholesterol levels and promoting crystal formation, which can develop into gallstones. High-fat diets 

may also induce the accumulation of ectopic triacylglycerols, slowing gallbladder emptying and 

promoting stone formation. On the other hand, unsaturated fatty acids, particularly polyunsaturated 

omega-3 fatty acids, may reduce cholesterol saturation in bile and protect gallbladder mesenchymal 

stromal cells, thereby preventing gallstone formation. Interestingly, Tong et al. [22] showed that 

calcium, iron, and copper were positively correlated with gallstone formation by promoting 

inflammatory factor release and increasing reactive oxygen species (ROS) levels, while magnesium 

and zinc exhibited antioxidant properties and were negatively correlated with gallstone formation. 

Another controlled study from China suggested that low calcium was positively associated with 

gallstone development. This discrepancy may be due to the complex mechanisms of metal ions in the 

body. Calcium plays an important role in cell signaling and regulates many intracellular processes, 

including apoptosis and oxidative stress. At normal physiological concentrations, calcium helps 

maintain cellular function and indirectly supports antioxidant defenses, but when calcium ion 

concentrations are too high, they may promote ROS production, exacerbating oxidative stress. The 

role of copper is more complex; it can act as a cofactor for antioxidants such as superoxide dismutase, 

by reducing oxygen radical production. However, copper can also react with hydrogen peroxide to 

produce hydroxyl radicals, triggering oxidative damage [27]. 

In addition to dietary factors, lifestyle is also closely related to gallstones. Regular physical 

activity promotes normal gallbladder contraction and emptying, prevents cholestasis, and reduces 

cholesterol and bile pigment deposition. Results from a large European prospective study involving 

25,639 participants showed that high levels of physical activity were associated with a reduced risk 

of symptomatic gallstones in participants older than 70 years. Another study from South Korea 

suggested that vigorous exercise at least two days per week may reduce the risk of gallstone 

formation [28,29]. Several papers have suggested that BMI is positively associated with the 

development of gallstones, and a study from the United States suggests that low body weight may 

be an etiologic factor for gallstones [30–32]. Gebhard et al. [33] suggest that a very low-calorie diet 

(520 kcal) may lead to gallstone formation due to poor gallbladder emptying and increased bile 

cholesterol saturation, highlighting the importance of sensible eating habits and healthy weight 

management in preventing gallstones. A recent large cohort study showed that cotinine is an 

independent risk factor for gallstones, and nicotine can regulate bile acid metabolism through the 

FXR-megalin/cubilin pathway, thereby promoting gallstone nucleation, indicating that smoking may 

be a key factor in gallstone development [34,35]. In contrast to smoking, alcohol consumption may 

act as a protective factor against gallstone disease. A meta-analysis by Wang et al. [36] found that 

higher alcohol intake was associated with a significant reduction in the risk of gallstones, with a 12% 

reduction in risk for each additional 10 grams of alcohol consumed per day. Another cohort study 

demonstrated that regular alcohol consumption, especially 5-7 days per week, significantly reduced 

the risk of gallstones, whereas infrequent consumption (1-2 days per week) did not have a significant 

effect [37]. A study by Kono et al. [38] also found that alcohol consumption significantly reduced the 

incidence of gallstones and post-gallbladder surgery status. However, these results should be 

interpreted with caution, as sample variations between studies may influence the conclusions. 

Jayanthi et al. [39] demonstrated that alcohol consumption significantly increased the relative risk of 

cirrhosis in South Indian vegetarian women with cirrhosis (RR = 7.03, 95% CI 3.26-15.12). Although 

moderate alcohol consumption may have a preventive effect on gallstones, the overall health effects 

of alcohol consumption need to be considered comprehensively. 

This study has several strengths; we utilized all currently available data from consecutive 

NHANES cycles to the fullest extent to ensure the stability and reliability of the results. The study 

design carefully considered multiple potential confounders and included multivariate adjustments 

to enhance the scientific validity and credibility of the findings. Compared with earlier studies, our 
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research covered more dietary and lifestyle factors related to oxidative homeostasis, allowing for a 

more comprehensive assessment of individual oxidative stress levels and providing a stronger 

scientific basis for the development of personalized health interventions. 

There are some limitations to this study. As a cross-sectional study, it can only demonstrate that 

OBS is associated with gallstone incidence and gallbladder surgery rates, but it cannot establish a 

causal relationship. Although relevant covariates were included to the fullest extent, some 

confounding factors may not have been fully accounted for. Moreover, NHANES is based on a US 

population sample, and gallstone characteristics vary significantly across regions. Future large-scale, 

prospective studies are needed in multiple regions to further explore the correlation between OBS, 

gallstone incidence, and gallbladder surgery rates. 

5. Conclusions 

In summary, we found a negative correlation between OBS and gallstone incidence as well as 

gallbladder surgery rates, and this negative correlation becomes increasingly significant as OBS levels 

rise. There is a significant dose-response relationship between OBS and gallbladder surgery rates, 

and maintaining an OBS of at least 9 may significantly reduce the risk of gallbladder surgery. 

Additionally, conducting larger prospective studies will help explore the mechanisms between OBS, 

gallstones, and gallbladder surgery in greater depth, thus providing scientific support for the 

development of more effective preventive and therapeutic approaches. 
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