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Abstract
[bookmark: OLE_LINK338][bookmark: OLE_LINK339]AIM: To elucidate the prevalence and risk factors for gallstones, primarily focusing on Helicobacter pylori (H. pylori) infection. 

METHODS: A total of 10016 Chinese subjects, who had undergone physical examination, fasting 13C urea breath test and abdominal ultrasonography, had sufficient blood test data, and had finished a questionnaire, were included in this cross-sectional study. Participants (n = 1122) who had previous eradication of H. pylori were studied separately. 

RESULTS: Gallstones were discovered in 9.10% of men and 8.58% of women, with no significant sex difference. Multivariate analyses displayed that age, aspartate aminotransferase, total cholesterol, H. pylori infection, hepatitis C virus (HCV) infection, and fatty liver had a significant association with gallstones (P < 0.05). Successive multiple logistic regression analysis including index of odds ratio (OR) and standardized coefficient (β) indicated that older age (OR/β = 1.056/0.055), H. pylori infection (OR/β = 1.454/0.109), HCV infection (OR/β = 1.871/0.123), and fatty liver (OR/β = 1.947/0.189) had a significant positive association with gallstones. After age stratification, H. pylori infection and fatty liver still had a significant positive association with gallstones in any age-specific groups, whereas HCV infection had a significant positive association in patients aged > 40 years. The prevalence of gallstones among H. pylori-positive, H. pylori-eradicated, and H. pylori-negative subjects was 9.47%, 9.02%, and 8.46%, respectively. The matched analysis showed that gallstones among H. pylori eradicated subjects was significantly lower compared with H. pylori-positive subjects (P < 0.05).

CONCLUSION: H. pylori infection and fatty liver have a significant positive association with gallstones. H. pylori eradication may lead to prevention of gallstones. 
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[bookmark: OLE_LINK378][bookmark: OLE_LINK379][bookmark: _GoBack]Core tip: Although the pathogenesis of gallstones remains obscure, chronic infection is already accepted as a potential risk factor. There are few large surveys analyzing background factors related to gallstones in Asia. Our study evaluated background factors associated with the presence of gallstones in a cohort of > 10000 subjects, and analysis focusing on the association between Helicobacter pylori (H. pylori) infection and gallstones in the Chinese population is the most important feature of our study. In this large survey, we found that H. pylori eradication may lead to prevention of gallstones, which should shed light on the pathophysiology of gallstones.
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INTRODUCTION
Gallstones are one of the most prevalent digestive disorders requiring inpatient treatment, as well as a major public health concern worldwide[1]. The prevalence of gallstones in Western countries is > 10%[2-4], but in China, they have been rarely reported. The etiology and pathogenesis of gallstones remains obscure. Gallstone formation may be associated with a complex interaction of genetic and environmental factors such as female sex, family history, and ethnicity[5-7]. Lifestyle and some other metabolic disorders also affect gallstone formation, for example, high alcohol consumption, hyperlipidemia, fatty liver, and obesity[1,8-13]. It has also been reported that internal disorders such as hepatitis C virus (HCV) infection, gallbladder polyps and several liver enzymes [aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), and γ- glutamyltransferase (GTP)] display a significant association with gallstones[14-17]. In addition, the effect of the gastroduodenal environment is thought to play an important role in the presence of gallstones, and Helicobacter pylori (H. pylori) are believed to be a mediating factor for gastric and extragastric disease. The gallbladder and bile duct may be two of the targets of chronic H. pylori infection. Therefore, we conducted a cross-sectional study to clarify the prevalence and background factors for gallstone formation and investigate the correlation between H. pylori infection and gallstones in an attempt to understand the pathogenesis of gallstones and to develop better therapeutic and preventive strategies for this disease.

MATERIALS AND METHODS
Study design and subjects
Subjects were labor union members older than 20 and retired staff who voluntarily took part in the health examination that included abdominal ultrasonography, fasting 13C urea breath test (13C-UBT), and laboratory data at the International Health Care Center, The First Affiliated Hospital, Zhejiang University School of Medicine, from January 2010 to January 2014. All participants were informed verbally about the purpose and design of the study, and the procedures were approved by the Ethics Committee of Zhejiang University School of Medicine. Those who took proton pump inhibitors, antidiabetic drugs and anti-cholesterol drugs regularly, with a history of cholecystectomy or gastrectomy, were excluded. Participants who had H. pylori eradication previously were studied separately. 

Physical examination, laboratory assessments and questionnaire
All subjects were instructed to fast overnight and peripheral venous blood samples were collected in the next morning. Laboratory tests, such as serum levels of AST, ALT, ALP, γ-GTP, total bilirubin (T-Bil), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglyceride, total cholesterol (TC), total protein (TP), and hemoglobin concentration, were analyzed. Body mass index (BMI) was calculated as body weight in kilograms divided by the square of the body height in meters. A questionnaire regarding gastrointestinal symptoms, medical history, lifestyle, and family history was given to all the subjects. Finally, there were questions regarding regular intake of proton pump inhibitors and antidiabetic and anti-cholesterol drugs, and history of H. pylori eradication, cholecystectomy or gastrectomy. We categorized smoking and alcohol intake into two groups: nonsmoker versus smoker (current or past smoking habit), and higher alcohol intake (often, always) versus lower alcohol intake (never, sometimes). HCV infection was defined as positivity of antibodies to HCV (anti-HCV) and without alcohol consumption. The diagnosis of H. pylori infection was based on the result of fasting 13C-UBT, and for those who had H. pylori eradication history, fasting 13C-UBT was applied at > 1 mo after completion of the standard H. pylori eradication therapy. Reference value ranges of all the tested indexes were according to the biochemical criteria of the Department of Clinical Laboratory, The First Affiliated Hospital, Zhejiang University School of Medicine.

Diagnosis of gallstones, fatty liver and gallbladder polyps
Gallstones in the gallbladder and bile duct were diagnosed by abdominal ultrasound. They were diagnosed by the presence of highly reflective echoes from the anterior surface of the stones or movement upon postural change, with or without marked posterior acoustic shadowing. Fatty liver was diagnosed by the following characteristic findings: diffuse increase in hepatic echogenicity with evident contrast between the liver and the kidney; diffuse increase in hepatic echogenicity with blurring of the intrahepatic vessels and the diaphragm; or brightness of the hepatic echogenicity with poor penetration of the posterior hepatic segments, and invisibility of the intrahepatic vessels or diaphragm. The diagnostic criterion for gallbladder polyps was an immobile echo protruding from the gallbladder wall into the lumen, without an acoustic shadow.

Statistical analysis 
Statistical analyses were performed with SPSS version 17.0 (SPSS, Chicago, IL, USA). In univariate analyses, continuous data for different groups were presented as mean ± SD, and were compared using Wilcoxon’s rank-sum test. Categorical variables were compared with the Pearson’s χ2 test. Logistic regression analyses were used to evaluate the odds ratio (OR) and 95%CI for gallstones using the related covariates. Standardized coefficient of each variable was calculated using multiple logistic regression analysis, which was applied again after age stratification. Cochran–Armitage test was done in order to determine the effect of H. pylori eradication on gallstone prevalence, Finally, a matched pair analysis was performed between the H. pylori-positive participants and H. pylori-eradicated subjects using McNemar’s test with matching criteria of age ( ± 3), TC ( ± 1), AST ( ± 1), condition of fatty liver or anti-HCV. 

RESULTS
Subjects characteristics
A total of 15523 subjects were enrolled in this study, and we excluded those who did not meet the inclusion criteria. All participants with a history of H. pylori eradication were evaluated separately. Thus, 10016 subjects including 4352 men and 5664 women with a mean age of 56.38 ± 14.73 years comprised the primary population (Figure 1). Gallstones were diagnosed in 882 participants (8.81%): 396 men (9.10%) and 486 women (8.58%), with a mean age of 50.50 ± 12.19 years. For the 1122 subjects with a history of H. pylori eradication, 124 were still positive for H. pylori infection and the other 998 were negative and classified as the H. pylori-eradicated group (Figure 1).

Univariate and multivariate analysis evaluating background factors for gallstones
Association of the 13 continuous and seven categorized variables with the prevalence of gallstones was analyzed univariately (Table 1). H. pylori infection, anti-HCV, fatty liver, age, BMI, smoking, alcohol intake, γ-GTP, TP, ALP, AST, T-Bil, TC, triglyceride, and LDL-C showed significant association with gallstones (P < 0.05), whereas sex, ALT, HDL-C, hemoglobin and gallbladder polyps did not. Expect for sex, all factors were excluded from the performance of multivariate analysis (Table 2), and six demonstrated a significant association with the presence of gallstones. We selected these factors for multiple logistic regression and calculated OR and standardized coefficients (β) (Table 2). Older age (OR/β = 1.056/0.055), H. pylori infection (OR/β = 1.454/0.109), anti-HCV (OR/β = 1.871/0.123), and fatty liver (OR/β = 1.947/0.189) had a significant positive association with gallstones. After age stratification, only H. pylori infection, fatty liver and anti-HCV still had a significant positive association with gallstones in any age-specific groups. 

Effect of H. pylori eradication on gallstone formation
From the multivariate analyses, we found that H. pylori infection had a significant positive association with gallstones (Tables 2 and 3); a hypothesis that H. pylori eradication might reduce the prevalence of gallstones. Therefore, we compared the above-mentioned 998 subjects who had already undergone successful H. pylori eradication therapy to 3410 participants positive for H. pylori infection and 6606 negative for H. pylori infection (Figure 1). As shown in Table 4, the prevalence of gallstones was 9.47% in the H. pylori-positive subjects (without a history of eradication therapy), 9.02% in the H. pylori-eradicated subjects, and 8.46% in the H. pylori-negative subjects (without a history of eradication therapy). There was a significant reduction in prevalence of gallstones among subjects with a history of H. pylori eradication using the Cochran–Armitage test (P < 0.0001). Using the five factors that were significantly associated with the presence of gallstones from multivariate analysis (Table 2), we compared gallstone prevalence between H. pylori-positive participants and H. pylori-eradicated subjects by matched-pair analyses. Based on age ( ± 3), TC ( ± 1), AST ( ± 1), fatty liver and anti-HCV, the 552 H. pylori-positive participants and 552 H. pylori-eradicated participants were matched. The prevalence of gallstones was 6.52% and 5.07%, respectively, with a significant difference by McNemar’s test (P = 0.027).

DISCUSSION
The prevalence of gallstone shows regional variation with higher rates in Western countries and lower rates in Asian countries. It was reported that the prevalence of gallstone was 7.9% in men and 16.6% in women in the US, and 29.5% in men and 64.1% in female American Indians[7,18]. In other countries in Asia, prevalence of gallstones was reported as 6.6% in Singapore, and 5.4% in Thailand[19,20]. Our study found that gallstones accounted for 9.10% of men and 8.58% of women among the 10016 Chinese subjects included (Table 1). Most of the subjects enrolled were white-collar workers or retired staff; they were relatively old, living in good conditions with little movement, and had a high-fat, high-calorie diet and many had asymptomatic gallstones, so they participated in a medical review on a regular basis. All of these factors led to an increase in the incidence of gallstones in our study compared with other regions of China. We believe that the results of health examination may be more representative of the true prevalence of gallstones in the general population of China than hospital-based studies, even autopsy studies, because hospital studies have a relatively limited patient sample and fail to show the true prevalence of gallstones in the general population. 
Female gender showed no association with the formation of gallstones, whereas previous studies reported that it had a significant correlation with cholesterol stones, especially in western countries[7,10,21]. Metabolic disorders, such as obesity, diabetes mellitus, or dyslipidemia are common and accepted as risk factors for cholesterol stones[2,3,8,22,23]. Hormone estrogen can increase the cholesterol saturation in bile, which leads to a female predominance of gallstones in Western countries. However, in Asian countries such as China, a relative higher proportion of pigment stones are probably observed[24], so the effect of gender distribution may be diminished. In addition, as a result of the national policy of family planning in China since 1982, women were allowed to give birth to only one child and underwent tubal ligation after their first delivery. This led to a reduction in risk factors for gallstone formation, such as being productive and taking oral contraceptives[23,25,26]. Recently, an epidemiological survey from Taiwan showed no gender predominance in gallstone formation but a close association between use of oral contraceptives and gallstones[13]. Therefore, gallstones are mainly attributed to oral contraception rather than gender alone. 
Cholesterol stones are the predominant type of gallstones[1,6] and obese people tends to have cholesterol-supersaturated bile and larger gallbladder volume, thus, dyslipidemia in obese people is a likely cause of gallstones. We discovered that high TC level appears to be related to gallstones in our multivariate analysis, but the association was not significant in multiple logistic regression analysis (Table 2). Moreover, many studies could not confirm the relationship between dyslipidemia and the presence of gallstones[13,27]. Dyslipidemia may contribute to the formation of gallstones, especially cholesterol stones, but the relationship between dyslipidemia and gallstones remains inconclusive[28]. It is reported that the mechanism and risk factors for gallstones differ among stone types. Thus, future studies should focus on the different types of gallstones. 
Many reports have confirmed that BMI is an important risk factor for gallstones[7,29], but an inverse relationship between BMI and gallstones was shown in our analysis. BMI may help to establish whether a person is fat or thin, but it does not make clear a person’s fat percentage. The formation of gallstones may be more related to abdominal circumference, so other indicators, such as waist-to-hip ratio may be more meaningful[30]. 
It has been shown that HCV RNA can colonize gallbladder cells, impair gallbladder epithelium lipid absorption, and alter gallbladder mucosal function[31,32,33]. Moreover, HCV binds to apolipoprotein A1 and leads to liver steatosis and chronic hepatitis[34]. All of these factors contribute to gallstone formation. Fatty liver is related to increasing prevalence of gallstones due to insulin resistance and visceral obesity[12,13,35]. We found that HCV infection and fatty liver had a strong association with gallstones.
Age plays an important role in the prevalence of H. pylori infection, and was also a significant factor influencing the presence of gallstones in our study. In order to avoid selection bias of age, we evaluated the association between gallstones and H. pylori infection by age stratification. After age stratification, H. pylori infection and fatty liver still had a significant positive association with gallstones in age-specific groups, whereas HCV infection had a strong association in those aged > 40 years.
H. pylori can cause many gastroduodenal diseases such as atrophic gastritis, peptic ulcer, gastric carcinoma and mucosa-associated lymphoid tissue lymphoma[36,37]. Recently, it has been reported that H. pylori is also associated with extragastric diseases, such as thyroid nodules, metabolic syndrome, nonalcoholic fatty liver disease, insulin resistance and autoimmune diseases[38-41]. DNA, RNA and antigens specific for H. pylori were repeatedly detected in bile, biliary tract tissue and stone specimens[42,43]. Hence, a hypothesis that Helicobacter species are etiological agents in gallstone formation has been suggested. Our study showed a positive association between H. pylori infection and gallstones in humans by analyzing a large cohort of 10016 adults (Tables 1 and 2). After age stratification, H. pylori infection was still a risk factor for the prevalence of gallstones (Table 3). Analysis of those who had successful H. pylori eradication also supported that a state of chronic infection promotes gallstone formation (Table 4), as was reported in a recent large-scale survey with a cohort of > 10000 subjects in Japan[44]. Accordingly, we think that H. pylori infection is a risk factor for gallstone formation in humans, although we lack details of the precise mechanism.
There were some limitations to our study. The first limitation was that the sample was not sufficiently representative. Study subjects were those who participated in health screening in the International Health Care Center, The First Affiliated Hospital of Zhejiang University School of Medicine. Most of them were white collar workers or retired staff who were older in age, in good living conditions, with a high-fat high-calorie diet and lack of exercise. People of lower economic status were not represented in our study, which could have led to selection bias and an increase in the incidence of gallstones. The second limitation was that a cause-and-effect relationship could not be elucidated due to the inherent limitation of a cross-sectional study. Both H. pylori infection and gallstones are common disorders worldwide, therefore, it is of importance to clarify whether H. pylori eradication can prevent gallstones. The final limitation was the lack of control for potentially confounding risk factors, such as fasting plasma glucose, oral contraceptives, and cirrhosis. We are planning a randomized prospective study to determine the effect of H. pylori eradication on gallstone formation. Most importantly, long-term follow-up of the H. pylori-positive group, H. pylori-eradicated group and H. pylori-negative group (Table 4) should verify the present conclusion that H. pylori infection increases the risk of gallstones and H. pylori eradication may lead to prevention of gallstones. Further studies are also necessary to understand thoroughly the mechanisms mediating this relationship and help to clarify the key point of disease prevention.
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Background
[bookmark: OLE_LINK380][bookmark: OLE_LINK381]Gallstones are one of the most prevalent digestive disorders and often require surgical management. Although the pathogenesis of gallstones remains obscure, chronic infection is already accepted as a potential risk factor. Helicobacter pylori (H. pylori) is detected in bile, biliary tract tissue and stone specimens, and it has been clearly demonstrated that H. pylori promotes gallstone formation in animal and human research. In recent decades, a few large surveys have been performed, analyzing background factors related to gallstones from Europe, North America and Japan. Thus, it is necessary to conduct a large epidemiological study in China to evaluate background factors associated with the presence of gallstones, especially focusing on H. pylori infection.

Research frontiers
To date, four large-scale studies from Europe, North America and Japan analyzing background factors related to gallstones are well known: MICOL study investigating 29584 individuals (15910 men and 13674 women) from Italy found that increasing age and body mass index and a maternal family history of gallstone disease were the most consistent associations. The third NHANES survey analyzing 14238 Americans (6688 men and 7550 women) revealed that more than 20 million persons had gallbladder disease in the United States. Ethnic differences in gallbladder disease prevalence differed according to sex and were only partly explained by known risk factors. Swedish Twin Registry studies investigating 43 141 or 58402 twin pairs in Sweden showed positive associations between BMI and the development of symptomatic gallbladder disease, high alcohol consumption was associated with a decreased risk against gallbladder disease, tobacco use had no impact on gallbladder disease. Yu Takahashi designed the research of 15551 subjects comprised of 8625 men and 6926 women, displaying that H. pylori infection is positively associated with gallstones. H. pylori eradication may lead to prevention of gallstones.
 
Innovations and breakthroughs
A recent study detected various Helicobacter species in bile, biliary tract tissue and stone specimens, which indicated the role of H. pylori in the formation of gallstones. There are few large surveys with a cohort of > 10000 subjects worldwide, and such a large study focusing on the relationship between H. pylori infection and gallstone formation has not been performed in China. By analysis of the large cohort of > 10000 adults, this study showed for the first time a positive association between H. pylori infection and presence of gallstones, and found that H. pylori eradication may lead to prevention of gallstones in Chinese people.

Applications
H. pylori infection had a significant positive association with gallstones in any age-specific groups. H. pylori eradication may reduce the prevalence of gallstones. Thus, positive treatment of H. pylori infection may represent a new method of treating or preventing gallstones.

Terminology
H. pylori is a Gram-negative microaerophilic microorganism that can cause many gastroduodenal diseases such as atrophic gastritis, peptic ulcer, gastric carcinoma and mucosa-associated lymphoid tissue lymphoma, as well as extragastric diseases such as thyroid nodules, nonalcoholic fatty liver disease, and autoimmune diseases.

Peer-review
The title is adequate to reveal the purpose of the study. The study was well designed and conducted. The conclusions are in accord with the results. Statistical analysis and conclusions are adequate. Limitations and future prospect are presented. 
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1192 were excluded due to insufficient data of physical examination, laboratory assessments, or questionnaire
3193 were excluded due to taking proton pump inhibitors, antidiabetic drugs or anti-cholesterol drugs or with a history of gastrectomy or cholecystectomy 

1122 were seperated with a history of H. pylori eradication
10016 subjects were analyzed (4352 men and 5664 women) 
124 were positive for H. pylori infection


998 were negative for H. pylori infection

3410 were positive for H. pylori infection
6606 were negative for H. pylori infection

15523 participants were enrolled
14331 met the inclusion criteria

















Figure 1 Recruitment flowchart of the study. Healthy adults (n = 15523) attended, and 10016 were analyzed in this study. Subjects who had Helicobacter pylori (H. pylori) eradication previously (n = 1122) were analyzed separately.

Table 1 Characteristics of the 20 variables of the 10016 subjects with or without gallstone
	Variables
	Presence of gallstone (n = 882)
	Absence of gallstone
(n = 9134)
	P value

	Age (yr)
	56.38 ± 14.72
	46.98 ± 11.56
	< 0.001a

	BMI (kg/m2)
	24.82 ± 3.01
	23.77 ± 3.20
	< 0.001a

	ALT (U/L)
	25.58 ± 19.67
	25.87 ± 31.52
	0.386

	AST (U/L)
	24.14 ± 14.30
	24.48 ± 24.43
	0.001

	ALP (U/L)
	67.61 ± 20.02
	63.24 ± 17.75
	< 0.001a

	γ-GTP (U/L)
	36.52 ± 42.77
	25.26 ± 36.02
	< 0.001a

	TC (mmol/L)
	4.93 ± 1.07
	4.70 ± 1. 03
	< 0.001a

	TG (mmol/L)
	1.80 ± 3.93
	1.52 ± 1. 25
	< 0.001a

	TP (g/L) 
	73.37 ± 4.39
	71.77 ± 5. 17
	< 0.001a

	T-Bil (umol/L)
	13.63 ± 6.67
	12.44 ± 5. 79
	< 0.001a

	HDL-Chol (mmol/L)
	1.18 ± 0.37
	1.31 ± 2. 41
	0.091

	LDL-Chol (mmol/L)
	2.85 ± 6.65
	2.60 ± 2. 04
	0.012

	Hb (g/L)
	144.81 ± 18.11
	148.77 ± 18.30
	0.721

	H. pylori, n (%) 
	
	< 0.001a

	Positive  
	323 (9.47)
	3087 (90.53)
	

	Negative
	559 (8.46)
	6047 (91.54)
	

	Alcohol intake
	
	< 0.001a

	Yes
	545 (10.88)
	4463 (89.12)
	

	No 
	337 (55.89)
	4671 (44.11)
	

	Smoking
	
	< 0.001a

	Yes 
	475 (13.59)
	3021 (86.41)
	

	No
	407 ( 6.24)
	6113 (93.76)
	

	Gender
	
	0.095

	Men
	396 (9.10)
	3956 (90.90)
	

	Women 
	486 (8.58)
	5178 (91.42)
	

	Anti-HCV

	Positive 
	526 (11.98)
	3865 (88.02)
	0.001a

	Negtive
	356 (6.33)
	5269 (93.67)
	

	Fatty liver
	

	Presence 
	572 (13.05)
	3811 (86.95)
	< 0.001a

	Absence 
	310 (5.50)
	5323 (94.50)
	

	GB polyp
	

	Presence 
	402 (10.71)
	3350 (89.29)
	0.197

	Absence 
	480 ( 7.67)
	5784 (92.33)
	

	Total 
	882 ( 8.51)
	9134 (92.49)
	


Data were expressed as mean ± SD of each variable. By applying the Wilcoxon analysis, P values of the 13 continuous variables were calculated. By applying Pearson’s 2 test, P values of the seven categorized variables were calculated. aP < 0.05, Presence vs Absence. BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; γ-GTP: Gamma glutamyltransferase; TC: Cholesterin; TG: Triglyceride; TP: Total protein serum; T-Bil: Total bilirubin; HDL-Chol: High density lipoprotein cholesterol; LDL-Chol: Low density lipoprotein cholesterol; Hb: Hemoglobin concentration; H. Pylori: Helicobacter pylori; Anti-HCV: Antibodies to HCV; GB polyp: Gallbladder polyp.

Table 2 Multivariate analysis and mutiple logistic analysis of the correlated variables for gallstone 
	Variables
	Multivariate analysis
	Mutiple logistic analysis

	
	β
	P value
	OR (95%CI)
	
	β
	P value
	OR (95%CI)

	Age
	0.056
	0.009a
	1.057 (1.045-1.070)
	
	0.055
	< 0.001a
	1.056 (1.043-1.070)

	Gender
(female) 
	-1.048
	< 0.001a
	0.351 (0.265-0.770)
	
	
	
	

	BMI
	-0.050
	0.105
	0.951 (0.845-1.077)
	
	
	
	

	ALP
	-0.001
	0.610
	0.999 (0.839-1.152)
	
	
	
	

	AST
	0.712
	< 0.001a
	1.048 (1.045-1.092)
	
	
	
	

	γ-GT
	0.002
	0.260
	1.002 (1.045-1.070)
	
	
	
	

	TC
	0.017
	0.006a
	1.018 (1.006-1.029)
	
	
	
	

	TG
	-0.113
	0.007a
	0.893 (0.595-0.982)
	
	
	
	

	T-Bil
	-0.044
	< 0.001a
	0.957 (0.856-1.081)
	
	
	
	

	LDL-Chol
	0.001
	0.946
	1.001 (0.901-1.023)
	
	
	
	

	TP
	-0.108
	< 0.001a
	0.898 (0.601-0.994)
	
	
	
	

	Helicobacter pylori positive
	0.588
	< 0.001a
	1.800 (1.386-2.337)
	
	0.109
	< 0.001a
	1.454 (1.102-2.521)

	Anti-HCV
	1.320
	< 0.001a
	3.742 (1.426-5.217)
	
	0.123
	< 0.001a
	1.871 (1.441-3.681)

	Smoking
	-0.741
	< 0.001a
	0.477 (0.295-0.692)
	
	
	
	

	Alcohol intake 
	-0.124
	0.037
	0.883 (0.421-0.911)
	
	
	
	

	Fatty liver
	1.339
	< 0.001a
	3.814( 1.886-6.023)
	
	0.189
	< 0.001a
	1.947 (1.212-3.987)


By applying logistic regression analysis, P values were calculated. aP < 0.05. β: Partial regression coefficient; SE: Standard error of partial regression coefficient.




Table 3 Positively correlated variables for gallstone formationstratified by age
	Variables
	Age (20-39 yr)
	Age (40–64 yr)
	Age (≥ 65 yr)

	
	OR
	P value
	OR
	P value
	OR
	P value

	Gender (female)
	0.658
	0.054
	0.905
	0.062
	0.714
	0.038a

	Helicobacter pylori positive
	1.521
	0.006a
	1.510
	0.015a
	1.324
	< 0.001a

	Anti-HCV
	0.988
	0.004a
	1.598
	0.019a
	1.563
	0.002a

	Fatty liver
	1.582
	0.003a
	1.922
	< 0.001a
	1.752
	< 0.001a

	TC
	1.025
	0.921
	1.520
	0.102
	0.914
	0.023a

	AST 
	0.382
	0.221
	1.249
	0.024
	1.547
	< 0.001a


P values calculated using muitiple logistic regression analysis. aP < 0.05.

Table 4 Prevalence of gallstone in Helicobacter pylori-positive, -eradicated, and -negative subjects n (%)
	
	Presence of gallstones
	Absence of gallstones

	Helicobacter pylori positive(without eradication)
	323 (9.47)
	3087 (90.53)

	Helicobacter pylori negative after eradication
	90 (9.02)
	908 (90.98)

	Helicobacter pylori negative (withouteradication)
	559 (8.46)
	6047 (91.54)


Cochran–Armitage test, P < 0.0001, Presence vs Absence.
