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Objective

We sought to evaluate the association between visceral adiposity index (VAI) and the incidence of gallstones and the age at first gallstone surgery in adults in the United States.





Methods

We selected individuals from the National Health and Nutrition Examination Survey (NHANES) database from 2017 to 2020 and evaluated the association between VAI and gallstone incidence and age at first gallstone surgery using logistic regression analysis, subgroup analysis, and dose–response curves.





Results

A total of 7,409 participants aged >20 years were included in our study; 767 had a self-reported history of gallstones. After adjustment for all confounding factors, for each unit of VAI after Ln conversion, gallstone prevalence increased by 31% (OR = 1.31, 95% CI: 1.17, 1.48), while the first gallstone surgery was 1.97 years earlier (β = −1.97, 95% CI: −3.35, −0.42). The dose–response curves showed a positive correlation between VAI and gallstone prevalence. There was a negative correlation between increased VAI and age at first gallstone surgery.





Conclusion

A higher VAI is positively associated with the prevalence of gallstones and may lead to an earlier age at first gallstone surgery. This is worthy of attention, although causality cannot be established.
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Introduction

Gallstones are one of the most common diseases of the digestive system worldwide and are a clear risk factor for gallbladder cancer (1, 2). Gallstones are a significant health care burden in America, affecting up to 15% of the population (3, 4). Epidemiologic evidence suggests that the prevalence of gallstones is 10% to 15% in adult Caucasians and as high as 70% in American Indians (5, 6). However, the prevalence in Asian populations is low (7, 8). Gallstones are mainly divided into cholesterol stones, melanin stones, and mixed stones, among which cholesterol stones and cholesterol components, mainly mixed stones, account for more than 80% of all stones (9, 10). In general, gallstones do not cause any symptoms, but 10% to 25% of patients may have specific symptoms such as biliary pain and acute cholecystitis, of which 1% to 2% may have major complications (1, 11, 12), causing endless pain and even being life-threatening to patients. Although previous studies have reported risk factors for gallstone formation, there is still a lack of reliable clinical indicators to prevent the occurrence of gallstones.

Current evidence suggests that non-modifiable risk factors for the development of gallstones include race, female gender, pregnancy, and age over 40 years, with a 4- to 10-fold increased risk of gallbladder disease (3, 4). Women of childbearing age are about twice as likely as men to develop gallstone disease (4). The most important modifiable risk factor for the development of gallstones is metabolic syndrome (13). This includes obesity, dyslipidemia, type 2 diabetes mellitus, insulin resistance, etc. Obesity, especially abdominal obesity (about 25% of the population has abdominal obesity), is closely related to the occurrence of gallstones (3). Some studies have shown that obesity is a risk factor for gallstones (14–16), and the incidence of gallstones has increased 1.63 times for every five-unit increase in body mass index (15). Although obesity is strongly associated with the occurrence of gallstones, reliable obesity indicators to predict and assess the risk of gallstones are severely lacking.

As the main form of energy storage in the human body, adipose tissue is the regulator of lipid metabolism and glucose balance (17). Studies have shown that visceral adipose tissue is more closely associated with metabolic diseases such as hypertension, diabetes, and cardiovascular disease than is subcutaneous fat (18–20). The Visceral Fat Index (VFI), an indicator of abdominal fat distribution and adipose tissue function that indirectly expresses visceral fat function based on waist circumference, BMI, triglycerides, and HDL cholesterol, is a novel specificity index (21). It has a lower practice cost and better applicability than the traditional methods used to assess body fat content and distribution (magnetic resonance imaging, computed tomography, dual-energy X-ray absorptiometry, etc.). Some scientists believe that VAI has higher sensitivity and specificity than traditional body parameters such as body mass index and waist circumference. Studies have shown that the clinical application of VAI can significantly improve the risk assessment of obesity-related cardiovascular diseases (21–23). In conclusion, we speculate that there is a relationship between VAI and the occurrence of gallstones, and therefore, in this study, we aimed to evaluate the value of VAI in the occurrence of gallstones in the US adult population.





Materials and methods




Study design and participants

The baseline clinical data evaluated in this study were from the 2017–2020 NHANES. We retained information on participants who explicitly answered whether they had gallstones and their age at first gallstone surgery. A total of 15,560 individuals completed the questionnaire. Exclusion criteria were as follows (Figure 1). Finally, a total of 7,409 cases were included in this study, including 767 self-reported histories of gallstones.




Figure 1 | The participants selection flow chart.







Collection and definition of data

The VAI was designed as an exposure variable and was calculated using the following sex-specific equations, where the units for WC, BMI, TG, and HDL are cm kg/m2 and mmol/L: males: VAI = [WC/[39.68 + (1.88 × BMI)]) × (TG/1.03) × (1.31/HDL); women: VAI = [WC/[36.58 + (1.89 × BMI)]) × (TG/0.81) × (1.52/HDL)]. The concentrations of triglycerides and fasting blood glucose were determined enzymatically using an automated biochemical analyzer. Serum triglyceride concentrations were measured using a Roche Modular P and a Roche Cobas 6000 chemistry analyzer. A questionnaire was used to assess the presence of gallstones and age at first gallstone surgery. The development of gallstones and age at first gallstone surgery were used as outcome variables.

Potential covariates that could confound the association between VAI and gallstones were summarized in the multivariable-adjusted model. Covariates in our study included sex (male/female), age (years), ethnicity, education level, poverty income ratio (PIR), marital status (married or living with a partner/single), alcohol consumption (drinking alcohol/not drinking alcohol), physical activity (vigorous/moderate/less than moderate), cholesterol level (mg/dl), smoking status, hypertension, diabetes, asthma, hypertension, cancer, and dietary intake factors, including energy intake, fat intake, sugar intake, and water intake. In 2017–2020, all participants had 24-hour dietary recalls; our analysis will use the average consumption rate for the two recalls. All detailed measurement procedures using the study variables are publicly available at www.cdc.gov/nchs/nhanes/. All NHANES protocols were conducted in accordance with the US Department of Health and Human Services (HHS) Human Research Subjects Protection Policy and were reviewed and standardized annually by the NCHS Research Ethics Review Board. All subjects participating in the study signed an informed consent form. All data in this study were freely released by NHANES without additional permission or ethical review.





Statistical methods

The NHANES sampling weights, stratification, and clustering provided in the study were applied to all statistical analyses to illustrate the complex, multistage sampling design used to select a representative non-institutionalized U.S. population. Continuous variables were expressed as weighted survey means and 95% CIs, and categorical variables were expressed as weighted survey means and 95% CIs. As VAI have skewed distributions, LN transformations convert them into normal distributions. We first screened all covariates for VIF collinearity and removed them if VIF values greater than 5 were considered collinear. As VAI have skewed distributions, LN transformations convert them into normal distributions. According to the guidelines (24, 25), the multiple logistic regression model was used to examine the relationship between VAI, different VAI tiles, gallstone prevalence, and age of first gallstone surgery in the three different models. Model 1 was unadjusted for covariates. Model 2 was adjusted for sex, age, ethnicity, marital status, and education level. Model 3 was adjusted for all variables. Smoothing curve fitting (penalty spline method) and generalized additive model (GAM) regression were performed to further evaluate the relationship between VAI and gallstone prevalence and age at first gallstone surgery. The inflection point values were obtained by the natural ratio test when the presence of nonlinear relationships was determined. Multiple regression analysis was then performed, stratified by sex, age, race, hypertension, and diabetes. A p <0.05 was considered statistically significant. All analyses were performed using Empower software (www.empowerstats.com; X&Y Solutions, Inc., Boston, MA, USA) and R version 4.0.2 (http://www.R-project.org, The R Foundation).






Results




Participant characteristics

The baseline demographic characteristics of the included participants are shown in Table 1. Ln (VAI) was 2.69 (2.37, 3.01) in the gallstone group, higher than the normal group of 2.17 (2.06, 2.27), P <0.01.


Table 1 | Baseline characteristics of participants, weighted.







Logistic regression results between VAI and gallbladder stones

VIF collinearity screened all covariates with VIF values <5, and all variables were included in the final regression model. For gallstones, a positive correlation was observed between VAI and gallstones. This positive correlation remained stable in the fully adjusted model (model 3) (OR = 1.31, 95% CI: 1.17, 1.48), indicating that each unit increase in Ln-converted VAI was associated with a 31% increase in gallstone prevalence. We also converted VAI from continuous to categorical variables (tertiles) for sensitivity analysis. A significant 0.8-fold increase in gallstone incidence was observed in tertile 3 compared with the lowest VAI tertile (tertile 1) (OR = 1.80, 1.45, 2.25) (Table 2).


Table 2 | Logistic regression analysis between VAI with gallbladder stone prevalence.







VAI’s dose–response and threshold effect on gallbladder stone prevalence

A generalized additive model and smooth curve fitting were used to further explore the relationship between Ln (VAI) and gallstone incidence. Our results indicated a non-linear relationship between Ln (VAI) and gallstone incidence (Figure 2; Table 3). Considering the effect of the saturation threshold between them, the likelihood natural ratio test found the best Ln-transformed VAI threshold at 0.6.




Figure 2 | Density dose-response relationship between the Ln (VAI) index and gallstone prevalence. The area between the upper and lower dashed lines is represented as the 95% CI. Each point shows the magnitude of the Ln (VAI) index and is connected to form a continuous line. Adjusted for all covariates except the effect modifier.




Table 3 | Two-piecewise linear regression and logarithmic likelihood ratio test explained the threshold effect analysis of VAI with gallbladder stone prevalence.







Subgroup analysis

Subgroup analyses were performed to assess the robustness of the association between Ln (VAI) and gallstone incidence. The results were as follows (Table 4):

	● Female group (OR = 1.39, 95% CI: 1.20, 1.62),

	● Age group 20–39 years (OR = 1.62, 95% CI: 1.21, 2.16),

	● Age group 40–59 years (OR = 1. 26, 95% CI: 1.04, 1.54),

	● White group (OR = 1.32, 95% CI: 1.12, 1.56),

	● Other population groups (OR = 1.61, 95% CI: 1.19, 2.18),

	● Hypertension population group (OR = 1. 27, 95% CI: 1.07, 1.50),

	● Non-hypertensive population group (OR = 1.33, 95% CI: 1.12, 1.57),

	● Diabetic population group (OR = 1.31, 95% CI: 1.02, 1.67),

	● Non-diabetic population group (OR = 1.31, 95% CI: 1.15, 1.50).




Table 4 | Subgroup analysis between VAI with gallbladder stone prevalence.







Elevated VAI may be associated with earlier age at first gallbladder stone surgery

The unit of Ln (VAI) was 1.97 years earlier (β = −1.97, 95% CI: −3.35, −0.42) in fully adjusted model 3 (Table 5).


Table 5 | Analysis between VAI with age at the first gallbladder stone operation.







Analysis of the dose–response and threshold effects of VAI on age at first gallbladder stone surgery

To further investigate the relationship between VAI and age at first gallstone surgery, a generalized additive model and smooth curve fitting were used. Our results indicated a negative nonlinear correlation between VAI and age at first gallstone surgery (Figure 3). The threshold for the effect of VAI on age at first gallstone surgery after Ln conversion was 0.8, according to the similar natural ratio test (Table 6).




Figure 3 | Density dose–response relationship between Ln (VAI) index and age at first gallstone surgery. The area between the upper and lower dashed lines is represented as the 95% CI. Each point shows the magnitude of the VAI and is connected to form a continuous line. Adjusted for all covariates except the effect modifier.




Table 6 | Two-piecewise linear regression and logarithmic likelihood ratio test explained the threshold effect analysis of VAI with age at the first gallbladder stone operation.








Discussion

To our knowledge, this study is the first comprehensive analysis of the association between VAI and gallstones. Two-cycle population study (2017–2020) based on the NHANES database. The results showed a positive association between VAI and gallstone incidence, with each unit increase in VAI increasing the incidence by 31% (OR = 1.31, 95% CI: 1.17, 1.48). Furthermore, we found that increased VAI was associated with an earlier age of first gallstone surgery, with each unit increase in VAI leading to an earlier age of 1.97 years (beta = −1.97, 95% CI: −3.35, −0.42). At the same time, we converted VAI from a continuous variable to a categorical variable (tertiles) and found that the probability of gallstones in individuals with the highest VAI was 0.8 times higher than the lowest quantile, and the prevalence of individuals with the highest VAI was 0.61 times higher than the lowest quantile. Furthermore, in the stratified analysis, we found a higher risk of gallstone disease in the female group (OR = 1.39, 95% CI: 1.20, 1.62), 20–39 (OR = 1.39, 95% CI: 1.04, 1.54:1.32, 1.62), and other population groups (OR = 1.56) (OR = 1.61, 95% CI: 1.19, 2.18). Moreover, the incidence of gallstones was positively associated with increased VAI in hypertensive, non-hypertensive, diabetic, and non-diabetic groups. These results strongly support the value of VAI as a predictor of gallstone development.

The formation of gallstones results from a combination of genetic factors and environmental stimuli. In particular, dietary factors may directly or indirectly lead to the occurrence of gallstones, such as overweight, obesity (26), insulin resistance (13), and metabolic syndrome (27). While VAI is a more specific index than BMI and triglycerides, our results suggest that the female group and white group increased VAI levels in the age group, 60-year-old group, hypertensive/non-hypertensive group, and diabetic/non-diabetic group after adjusting for all confounding factors. Numerous previous studies have shown that women have a higher prevalence of gallstones than men (28, 29). Estrogen increases gallstone formation by increasing hepatic cholesterol synthesis and secretion and decreases bile salt synthesis by upregulating estrogen receptor 1 and G protein-coupled receptor 30 (30). Progestational sex hormones are thought to put women at greater risk for disease, and estrogen can increase the release of cholesterol into the bile, leading to cholesterol saturation and gallbladder stones (31). This may partly explain why the prevalence of gallstones was higher in women than in men. In addition, the results of a Korean study showed that high VAI levels were associated with a high prevalence of asymptomatic cerebral infarction in a healthy population, especially in the female population (32). Although this study was not related to gallstones, it also shows the reliability of our study results.

In the United States, the prevalence of gallstones was 16.6% in white women and 8.6% in men, compared with 13.9% in black women and 5.3% in men (7, 33). In developed countries, 10% to 15% of white adults have gallstones, compared with a lower incidence of gallstones in the black population (5). These results suggest that white Americans have a higher prevalence of gallstones, which may explain our findings. In fact, age as a risk factor for gallstones is controversial. Gallstones were once thought to be associated with pigment stones that occur only in cases of hemolysis, but they are increasingly common in children (34). The incidence of gallstones increases with age and rises significantly after the age of 40, with a 4- to 10-fold increase in the elderly (5). Although gallstones are usually clinically asymptomatic, symptoms and serious complications increase with age, leading to cholecystectomy in over 40% of people over 40 years of age (35). The high prevalence of gallstones may occur in older women (70 to 79 years): 57% have a history of cholecystectomy or current gallstones (8). Therefore, the influence of age on gallstone formation should be further investigated.

In hepatocytes, insulin resistance induces abnormal expression of the transcription factor forkhead box protein O1 (FOXO1) through the ABCG5 and ABCG8 genes to promote cholesterol secretion (36). This mechanism may explain the high prevalence of gallstones in diabetic patients, which is consistent with our findings. Interestingly, our results showed that elevated VAI levels were also positively associated with increased gallstone incidence in the non-diabetic group, with its OR value equal to the statistical results in the diabetic group. In a cross-sectional study by Ali, 204 patients with gallstones were included, of whom 74 were diabetic, 79 were non-diabetic, 51 were pre-diabetic, one had well-controlled diabetes, and one had poorly controlled diabetes (37). The results indicate that diabetes is a risk factor for gallstones, and non-diabetes also seem to be associated with the occurrence of gallstones. Furthermore, in a Korean study, metabolic syndrome was associated with gallstone development in non-hypertensive and non-diabetic patients (38). The study by Chen (39) showed that the elevated metabolic syndrome specific index was associated with increased asthma prevalence in non-hypertensive and non-diabetic populations, while Shen’s study found a correlation between the METS-IR index and the prevalence of kidney stones in non-hypertensive and non-diabetic populations (40). Our results showed a strong correlation between the prevalence of gallstones in the non-hypertensive group (OR = 1.33, 95% CI: 1.12, 1.57) and in the hypertensive group (OR = 1.27, 95% CI: 1.07, 1.50). The above two research topics are not specific to gallstones. However, they also demonstrate the reliability of our experimental results. In addition, we found an interesting result: for every 1 unit of VAI, the age of first gallstone surgery was 1.97 years earlier, and the smooth curve fitting showed a non-linear negative correlation between VAI and the age of first gallstone surgery. This result has not been reported before, and if it is confirmed by more studies, it reminds us that more attention and management of VAI at a young age will help to reduce the occurrence of gallstones.

Our study has several strengths. First, the study participants in NHANES are a representative sample of the U.S. who strictly followed the carefully designed study protocol with strict quality control and assurance to ensure that our conclusions are reliable. Second, we adjusted for confounding variables and performed subgroup analysis to ensure that our results apply to a broader range of individuals. However, our study has several limitations. First, our study was a cross-sectional study, which did not allow us to clarify the causal relationship between VAI and gallstones. Second, all the survey data were based on questionnaires, and there may be recall bias. Despite these limitations, this paper is the first to reveal the relationship between VAI and the prevalence of gallstones.





Conclusion

This study showed an association between the modifiable risk factor VAI, the prevalence of gallbladder stones, and age at first gallbladder stone surgery. A higher VAI was associated with an increased prevalence of gallbladder stones and an earlier age for first gallbladder stone surgery. Our findings suggest that weight control and a healthy lifestyle may improve or reduce the occurrence of gallbladder stones, and although the causal relationship between the two cannot be clearly established, it is still of interest.





Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/supplementary material.





Ethics statement

The NCHS Research Ethics Review Committee approved the NHANES survey protocol. The patients/participants provided their written informed consent to participate in this study.





Author contributions

GZ and ZD: Conceptualization, methodology, and software. JY, TW, and LT: Data curation and writing original draft. JC and CZ: Writing—review and editing. All authors contributed to the article and approved the submitted version.





Funding

This work was supported by the Clinical Research Project of the First Affiliated Hospital of Anhui Medical University (Grant no. LCYJ2021YB014).




Acknowledgments

We would like to thank all the participants and staff of NHANES and all the authors who worked on this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Friedman, GD. Natural history of asymptomatic and symptomatic gallstones. Am J Surg (1993) 165:399–404. doi: 10.1016/s0002-9610(05)80930-4

2. Hundal, R, and Shaffer, EA. Gallbladder cancer: epidemiology and outcome. Clin Epidemiol (2014) 6:99–109. doi: 10.2147/CLEP.S37357

3. Stinton, LM, and Shaffer, EA. Epidemiology of gallbladder disease: cholelithiasis and cancer. Gut Liver (2012) 6:172–87. doi: 10.5009/gnl.2012.6.2.172

4. Figueiredo, JC, Haiman, C, Porcel, J, Buxbaum, J, Stram, D, Tambe, N, et al. Sex and ethnic/racial-specific risk factors for gallbladder disease. BMC Gastroenterol (2017) 17:153. doi: 10.1186/s12876-017-0678-6

5. Shaffer, EA. Gallstone disease: epidemiology of gallbladder stone disease. Best Pract Res Clin Gastroenterol (2006) 20:981–96. doi: 10.1016/j.bpg.2006.05.004

6. Marschall, HU, and Einarsson, C. Gallstone disease. J Intern Med (2007) 261:529–42. doi: 10.1111/j.1365-2796.2007.01783.x

7. Everhart, JE. Gallstones and ethnicity in the americas. J Assoc Acad Minor Phys (2001) 12:137–43.

8. Stinton, LM, Myers, RP, and Shaffer, EA. Epidemiology of gallstones. Gastroenterol Clin North Am (2010) 39:157–69, vii. doi: 10.1016/j.gtc.2010.02.003

9.Anonymous. EASL clinical practice guidelines on the prevention, diagnosis and treatment of gallstones. J Hepatol (2016) 65:146–81. doi: 10.1016/j.jhep.2016.03.005

10. Attili, AF, Carulli, N, Roda, E, Barbara, B, Capocaccia, L, Menotti, A, et al. Epidemiology of gallstone disease in Italy: prevalence data of the multicenter Italian study on cholelithiasis (M.I.COL.). Am J Epidemiol (1995) 141:158–65. doi: 10.1093/oxfordjournals.aje.a117403

11. Tanaka, H, Imasato, M, Yamazaki, Y, Matsumoto, K, Kunimoto, K, Delpierre, J, et al. Claudin-3 regulates bile canalicular paracellular barrier and cholesterol gallstone core formation in mice. J Hepatol (2018) 69:1308–16. doi: 10.1016/j.jhep.2018.08.025

12. Zhu, Q, Sun, X, Ji, X, Zhu, L, Xu, J, Wang, C, et al. The association between gallstones and metabolic syndrome in urban han Chinese: a longitudinal cohort study. Sci Rep (2016) 6:29937. doi: 10.1038/srep29937

13. Wang, J, Yang, J, Chen, Y, Rui, J, Xu, M, and Chen, M. Association of METS-IR index with prevalence of gallbladder stones and the age at the first gallbladder stone surgery in US adults: a cross-sectional study. Front Endocrinol (Lausanne) (2022) 13:1025854. doi: 10.3389/fendo.2022.1025854

14. Paschos, P, and Paletas, K. Non alcoholic fatty liver disease and metabolic syndrome. Hippokratia (2009) 13:9–19.

15. Aune, D, Norat, T, and Vatten, LJ. Body mass index, abdominal fatness and the risk of gallbladder disease. Eur J Epidemiol (2015) 30:1009–19. doi: 10.1007/s10654-015-0081-y

16. Banim, PJ, Luben, RN, Bulluck, H, Sharp, SJ, Wareham, NJ, Khaw, KT, et al. The aetiology of symptomatic gallstones quantification of the effects of obesity, alcohol and serum lipids on risk. epidemiological and biomarker data from a UK prospective cohort study (EPIC-Norfolk). Eur J Gastroenterol Hepatol (2011) 23:733–40. doi: 10.1097/MEG.0b013e3283477cc9

17. Heymsfield, SB, and Wadden, TA. Mechanisms, pathophysiology, and management of obesity. N Engl J Med (2017) 376:254–66. doi: 10.1056/NEJMra1514009

18. Koenen, M, Hill, MA, Cohen, P, and Sowers, JR. Obesity, adipose tissue and vascular dysfunction. Circ Res (2021) 128:951–68. doi: 10.1161/CIRCRESAHA.121.318093

19. Stefan, N. Causes, consequences, and treatment of metabolically unhealthy fat distribution. Lancet Diabetes Endocrinol (2020) 8:616–27. doi: 10.1016/S2213-8587(20)30110-8

20. Sorimachi, H, Obokata, M, Takahashi, N, Reddy, Y, Jain, CC, Verbrugge, FH, et al. Pathophysiologic importance of visceral adipose tissue in women with heart failure and preserved ejection fraction. Eur Heart J (2021) 42:1595–605. doi: 10.1093/eurheartj/ehaa823

21. Amato, MC, Giordano, C, Galia, M, Criscimanna, A, Vitabile, S, Midiri, M, et al. Visceral adiposity index: a reliable indicator of visceral fat function associated with cardiometabolic risk. Diabetes Care (2010) 33:920–2. doi: 10.2337/dc09-1825

22. Bergman, RN, Stefanovski, D, Buchanan, TA, Sumner, AE, Reynolds, JC, Sebring, NG, et al. A better index of body adiposity. Obes (Silver Spring) (2011) 19:1083–9. doi: 10.1038/oby.2011.38

23. Ashwell, M, Gunn, P, and Gibson, S. Waist-to-height ratio is a better screening tool than waist circumference and BMI for adult cardiometabolic risk factors: systematic review and meta-analysis. Obes Rev (2012) 13:275–86. doi: 10.1111/j.1467-789X.2011.00952.x

24. Chen, Y, Shen, X, Liang, H, Li, G, Han, K, Liang, C, et al. Relationship between hepatitis c and kidney stone in US females: results from the national health and nutrition examination survey in 2007-2018. Front Public Health (2022) 10:940905. doi: 10.3389/fpubh.2022.940905

25. Chen, Y, Shen, X, Li, G, Yue, S, Liang, C, and Hao, Z. Association between aldehyde exposure and kidney stones in adults. Front Public Health (2022) 10:978338. doi: 10.3389/fpubh.2022.978338

26. Radmard, AR, Merat, S, Kooraki, S, Ashraf, M, Keshtkar, A, Sharafkhah, M, et al. Gallstone disease and obesity: a population-based study on abdominal fat distribution and gender differences. Ann Hepatol (2015) 14:702–9. doi: 10.1016/S1665-2681(19)30765-3

27. Di Ciaula, A, Garruti, G, Frühbeck, G, De Angelis, M, de Bari, O, Wang, DQ, et al. The role of diet in the pathogenesis of cholesterol gallstones. Curr Med Chem (2019) 26:3620–38. doi: 10.2174/0929867324666170530080636

28. Tazuma, S. Gallstone disease: epidemiology, pathogenesis, and classification of biliary stones (common bile duct and intrahepatic). Best Pract Res Clin Gastroenterol (2006) 20:1075–83. doi: 10.1016/j.bpg.2006.05.009

29. Chen, LY, Qiao, QH, Zhang, SC, Chen, YH, Chao, GQ, and Fang, LZ. Metabolic syndrome and gallstone disease. World J Gastroenterol (2012) 18:4215–20. doi: 10.3748/wjg.v18.i31.4215

30. de Bari, O, Wang, TY, Liu, M, Portincasa, P, and Wang, DQ. Estrogen induces two distinct cholesterol crystallization pathways by activating ERα and GPR30 in female mice. J Lipid Res (2015) 56:1691–700. doi: 10.1194/jlr.M059121

31. Sachdeva, S, Khan, Z, Ansari, MA, Khalique, N, and Anees, A. Lifestyle and gallstone disease: scope for primary prevention. Indian J Community Med (2011) 36:263–7. doi: 10.4103/0970-0218.91327

32. Nam, KW, Kwon, HM, Jeong, HY, Park, JH, Kwon, H, Jeong, SM, et al. Visceral adiposity index is associated with silent brain infarct in a healthy population. Sci Rep (2020) 10:17271. doi: 10.1038/s41598-020-74454-6

33. Everhart, JE, Khare, M, Hill, M, and Maurer, KR. Prevalence and ethnic differences in gallbladder disease in the united states. Gastroenterol (1999) 117:632–9. doi: 10.1016/s0016-5085(99)70456-7

34. Kaechele, V, Wabitsch, M, Thiere, D, Kessler, AL, Haenle, MM, Mayer, H, et al. Prevalence of gallbladder stone disease in obese children and adolescents: influence of the degree of obesity, sex, and pubertal development. J Pediatr Gastroenterol Nutr (2006) 42:66–70. doi: 10.1097/01.mpg.0000187816.31213.06

35. Cirillo, DJ, Wallace, RB, Rodabough, RJ, Greenland, P, LaCroix, AZ, Limacher, MC, et al. Effect of estrogen therapy on gallbladder disease. JAMA (2005) 293:330–9. doi: 10.1001/jama.293.3.330

36. Lammert, F, Gurusamy, K, Ko, CW, Miquel, JF, Méndez-Sánchez, N, Portincasa, P, et al. Gallstones. Nat Rev Dis Primers (2016) 2:16024. doi: 10.1038/nrdp.2016.24

37. Ali, S, Ahamad, ST, Talpur, AS, Parajuli, S, and Farooq, J. Prevalence of non-insulin-dependent diabetes mellitus among patients with cholelithiasis: a single-centered, cross-sectional study. Cureus (2018) 10:e2444. doi: 10.7759/cureus.2444

38. Chang, Y, Sung, E, Ryu, S, Park, YW, Jang, YM, and Park, M. Insulin resistance is associated with gallstones even in non-obese, non-diabetic Korean men. J Korean Med Sci (2008) 23:644–50. doi: 10.3346/jkms.2008.23.4.644

39. Chen, Y, Yang, J, Han, K, Wang, Y, Zhuang, C, Zhu, L, et al. An elevated METS-IR index is associated with higher asthma morbidity and earlier age of first asthma in US adults: results based on a cross-sectional study. Front Endocrinol (Lausanne) (2022) 13:920322. doi: 10.3389/fendo.2022.920322

40. Shen, X, Chen, Y, Chen, Y, Liang, H, Li, G, and Hao, Z. Is the METS-IR index a potential new biomarker for kidney stone development. Front Endocrinol (Lausanne) (2022) 13:914812. doi: 10.3389/fendo.2022.914812




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Zhang, Ding, Yang, Wang, Tong, Cheng and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo.2023.1189553_cover.jpg
& frontiers | Frontiers in Endocrinology

Higher visceral adiposity index was
associated with an elevated prevalence of
gallstones and an earlier age at first
gallstone surgery in US adults: the results
are based on a cross-sectional study





OEBPS/Images/fendo-14-1189553-g002.jpg
¢

0

44

20U3[BARId BWUISY

1’0

00

VAI Index





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Higher visceral adiposity index was associated with an elevated prevalence of gallstones and an earlier age at first gallstone surgery in US adults: the results are based on a cross-sectional study

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study design and participants

          



          		

            Collection and definition of data

          



          		

            Statistical methods

          



        



        



        		

          Results

        

          		

            Participant characteristics

          



          		

            Logistic regression results between VAI and gallbladder stones

          



          		

            VAI’s dose–response and threshold effect on gallbladder stone prevalence

          



          		

            Subgroup analysis

          



          		

            Elevated VAI may be associated with earlier age at first gallbladder stone surgery

          



          		

            Analysis of the dose–response and threshold effects of VAI on age at first gallbladder stone surgery

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
ULR Test PLR Test LRT test

OR (95% Cl) OR (95% Cl) P-value
<0.8 umol/L 0.5 (~1.55, 2.66)
| 197 (-3.53, -0.42) <0001
0.8 umol/L | 859 (12,64, —4.54)

ULR, univariate linear regression; PLR, piecewise linear regression; LRT, logarithmic likelihood ratio test, statistically significant: p <0.05.





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-14-1189553-g001.jpg
The number of participants (Total n=15560)

Under the age of 20 (Total n=6328)

Loss of gallstone information (Total n=22)

Missing VAl information (Total n=1737)

Missing marriage information (Total n=5)

| " |

Missing education information(Total n=9)

Missing information about diabetes (Total n=3)

Missing information about smoking (Total n=3)

Missing hypertension information (Total n=10)

Missing information about asthma (Total n=5)

Missing information about coronary heart disease
(Total n=25)

Missing information about cancer (Total n=4)

Incorporate the number of studies (Total n=7409)






OEBPS/Images/table2.jpg
@

cteristic Model 1 OR (95% Cl) Model 2 OR (95% Cl) Model 3 OR (95% ClI)

Ln (VAI) 1.52 (1.37, 1.68) 1.41 (1.26, 1.57) 1.31 (1.17, 1.48)
Categories

Tertile 1 1 1 1
Tertile 2 2.02 (1.64, 2.49) 1.73 (1.40, 2.14) 1.61 (1.30, 2.00)

Tertile 3 2.52 (2.06, 3.09) 2.08 (1.68, 2.56) 1.80 (1.45, 2.25)

Model 1 = no covariates were adjusted.

Model 2 = Model 1 + age, gender, race education, and marital status were adjusted.

Model 3 = Model 2 + diabetes, blood pressure, education, PIR, asthma, total water, total keal, total fat, total sugar, smoked, physical activity, alcohol use, serum creatinine, serum cholesterol,
cancers, and CVD were adjusted.





OEBPS/Images/fendo-14-1189553-g003.jpg
0S

T
or

T T
0g 14

BWUYISY O 18SUQ 1.1 18 aby

T
ol

VAI Index





OEBPS/Images/table4.jpg
Characteristic

Model 1 OR

(95% Cl)

Model 2 OR
(95% Cl)

Model 3 OR
(95% Cl)

Stratified by age
(years)

Non-adjusted

Adjust 1

Adjust 1

20-39

40-59

60-80
Stratified by gender

Male

Female

Stratified by race

Mexican American

White

Black

Other Race

Stratified by
hypertension

YES

NO
Stratified by diabetes

YES

NO

1.71 (1.37, 2.14)
1.37 (1.15, 1.62)
1.44 (1.24, 1.68)
Non-adjusted

1.27 (1.07, 1.50)
1.70 (1.49, 1.93)
Non-adjusted

1.16 (0.89, 1.52)
1.49 (1.30, 1.72)
1.67 (1.32, 2.12)

1.53 (1.17, 2.00)

Non-adjusted

140 (121, 1.62)
1.48 (1.28, 1.70)
Non-adjusted
1.40 (1.14, 1.72)

1.44 (1.28, 1.61)

Model 1 = no covariates were adjusted.
Model 2 = Model 1 + age, gender, race education, and marital status were adjusted.
Model 3 = adjusted for all covariates except effect modifier.

1.95 (1.50, 2.52)

1.37 (1.14, 1.65)
1.30 (1.10, 1.52)
Adjust T
1.27 (1.06, 1.54)
1.53 (1.33, 1.75)
Adjust 1
1.04 (0.75, 1.43)
1.45 (1.25, 1.68)
1.48 (1.15, 1.91)

1.52 (1.15, 2.01)

Adjust T

131 (1.12, 1.54)
138 (1.18, 1.62)
Adjust T
1.29 (1.03, 1.63)

1.34 (1.18, 1.53)

1.62 (1.21, 2.16) |

1.26 (1.04, 1.54)

1.19 (0.99, 1.42)
Adjust T

1.22 (0.99, 1.50) ‘

1.39 (1.20, 1.62)
Adjust 1T

1.07 (0.75, 1.51)

1.32 (1.12, 1.56)

1.31 (0.99, 1.72)

161 (119, 2.18)
Adjust T

1.27 (1.07, 1.50)
133 (1.12, 1.57)
Adjust 1T
131 (1.02, 1.67)

131 (115, 1.50)





OEBPS/Images/table3.jpg
ULR Test PLR Test LRT test

OR (95% Cl) OR (95% Cl) P-value
<0.6 umol/L 172 (134, 2.21)
1 1.28 (1.14, 1.44) 0.006
0.6 umol/L | 102 (0.84, 1.25)

ULR, univariate linear regression; PLR, piecewise linear regression; LRT, logarithmic likelihood ratio test, statistically significant: p <0.05.





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/table1.jpg
Characteristic Non-stone Stone formers e
formers (n = 6,642) (n =767)
56.67 (55.38,
Age (years) 47.17 (46.01, 48.33) 57.97) <0.0001
tini
seram, Creatinine 0.88 (0.87, 0.89) 0.86 (0.83, 0.88)  0.0688
(mg/d)
Ln (VAI) 2.17 (2.06, 2.27) 2.69 (237, 3.01) 0.0062
Race (%) 0.0004
Mexican
. 8.53 (6.34, 11.37) 7.86 (5.54, 11.02)
American
5 77.36 (71.74,
White 70.50 (65.96, 74.66) 82.13)
Black 11.13 (8.45, 14.51) 6.59 (4.83, 8.95)
Other Race 9.85 (7.94, 12.15) 8.19 (5.49, 12.06)
Physical Activity
<0.0001
(%)
33.53 (28.80,
Vi 50.01 (47.99, 52.04
igorous (47.9¢ ) 3862)
36.49 (31.01,
Moderate 27.89 (25.63, 30.27) 9 (
42.34)
29.98 (25.58,
N 22.09 (20.66, 23.!
ever 9 (20 3.59) 3477)
Marital Status
0.0001
(%)
64.97 (59.22,
Cohabitation 62.39 (59.70, 65.01) 70.(31)
. 22.89 (18.75,
Solitude 17.63 (16.24, 19.12) 27.63)
Never married 19.98 (17.93, 22.20) 12.14 (9.01, 16.18)
Alcohol (%) <0.0001
26.76 (21.67,
: 2.62, 15..
Yes 13.93 (12.62, 15.36) 3255)
62.62 (58.15,
No 76.61 (74.85, 78.28) 66.87)
Unclear 9.46 (8.24, 10.84) 10.63 (7.89, 14.17)
High Blood
0.0001
Pressure (%) <
48.46 (42.31,
;. .09, 32.
Yes 30.31 (28.09, 32.64) 54.66)
1.54 (45.34,
No 69.69 (67.36, 71.91) sLetisa
57.69)
Diabetes (%) <0.0001
20.20 (17.43,
Yes 10.05 (9.14, 11.04) 2329)
79.80 (76.71,
No 89.95 (88.96, 90.86) (
82.57)
‘ Asthma (%) 0.0749
18.29 (14.43,
‘ Yes 14.84 (13.52, 16.26) (
22.90)
81.71 (77.10,
No 85.16 (83.74, 86.48) (
85.57)
Coronary Heart
Disease (%) 00001
Yes 3.72 (2.53,5.42) 7.31 (5.21, 10.17)
No 96.28 (94.58, 97.47) 9269 (8983,
94.79)
Cancers (%) <0.0001
17.95 (1391,
Yes 10.17 (9.26, 11.17) 2.84)
82.05 (77.16,
No 89.83 (88.83, 90.74) (
86.09)
Smoked (%) 0.0402
47.76 (41.31,
Yes 42.24 (40.35, 44.15) (
54.29)
52.24 (45.71,
No 57.76 (55.85, 59.65) (
58.69)
PIR 0.0021
15.67 (11.87,
<13 16.26 (14.79, 17.85)
20.41)
>13-<35 30.06 (27.38, 32.88) 3967 (3255,
- ’ o 47.25)
35.55 (31.01,
235 42.81 (39.69, 45.99.
( ) 40.36)
Unclear 10.86 (9.32, 12.63) 9.11 (6.65, 12.35)
Total Sugar (%) 0.0185
L 41.96 (39.96, 43.99) 399618522,
ower . .70, B 4491)
46.16 (41.43,
Hi. 40.18 (38.56, 41.83
igher ( ) 50.96)
Uncl 17.86 (16.24, 19.60) 1385 (1148,
nclear 8 .24, 19.4
¢ 16.68)
Total Kcal (%) 0.0003
47.62 (42.52,
Lower 38.50 (36.61, 40.43)
52.77)
38.50 (33.10,
Hi. 43.64 (42.30, 44.
igher ( 99) 1421)
13.88 (11.48,
Uncl 17.86 (16.24, 19.60,
neear ( ) 16.68)
Total Fat (%) 0.0004
47.02 (41.76,
Lo 38.05 (36.65, 39.46,
‘ wer i ) 52.35)
’ 39.10 (33.68,
‘ Higher 44.09 (42.64, 45.55) 144.80)
‘ 13.88 (11.48,
Unclear 17.86 (16.24, 19.60) 16.68)
Total Water (%) 0.0208
41.25 (36.63,
Lower 35.20 (33.30, 37.15) 16.04)
% 44.87 (39.30,
Higher 46.94 (44.73, 49.16) 50.57)
13.88 (11.48,
Unclear 17.86 (16.24, 19.60) (
16.68)

Data of continuous variables are shown as survey-weighted mean (95% CI), P-value was
calculated by survey-weighted linear regression. Data of categorical variables are shown as
survey-weighted percentage (95% CI), P-value was calculated by survey-weighted Chi-square test.





OEBPS/Images/table5.jpg
Characteristic | Model 1B Model 2 § Model 3

(95% Cl) (95% Cl) (95% Cl)
" ~0.65 (~230, 094 (-252, | -1.97 (-3.53,
o (VAD 1.01) 0.64) ~0.42)

Model 1 = no covariates were adjusted.
Model 2 = Model 1 + gender, race education, and marital status were adjusted.
Model 3 = Model 2 + diabetes, blood pressure, education, PIR, asthma, total water, total keal,

total fat, total sugar, smoked, physical activity, alcohol use, serum creatinine, serum
cholesterol, cancers, and CVD were adjusted.





