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Abstract

AIM: To perform a single-centre survey of the prevalence of and possible risk factors for gallstones in Uighur and Han Chinese.

METHODS: Complete medical data for 9455 patients were collected from the medical centre of our hospital, and the overall prevalence of gallstones as well as the prevalence in different ethnic groups was studied. The risk factors for gallstones in different ethnic groups were identified in a univariate analysis, and variables with statistical significance were analysed by unconditional multiple logistic regression, to primarily explore the similarities and differences in gallstone risk factors between different ethnic groups.

RESULTS: The prevalence of gallstones was significantly higher in the Uighur population than in the Han population (22.87% vs 11.64%, P < 0.05). Further analysis of risk factors for gallstones based on the different ethnic areas revealed that age was a risk factor for gallstones in both groups; triglycerides, body-mass index (BMI) and high-density lipoprotein were risk factors for gallstones in the Han population, while total cholesterol (TC), gender and fatty liver were risk factors in the Uighur population. The Uighur patients were older than the Han patients, and had higher BMI, TC, low-density lipoprotein, female rate and fatty liver rate, while the incidence of hypertension was lower than that in the Han patients.

CONCLUSION: The prevalence of and risk factors for gallstones differ between the Uighur and Han populations.
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Core tip: The prevalence of gallstones in the Uighur population is higher than that in the Han population in Xinjiang, but there are few relevant epidemiological data or risk analysis reports. This single-centre case-control study enrolled healthy people to compare and analyse the risk factors for gallstones in Uighur and Han patients. The results suggest that age is a risk factor in both populations. Total cholesterol, gender and fatty liver are risk factors in the Uighur population, but in the Han population, those with elevated triglycerides, reduced high-density lipoprotein and obesity are at greater risk for gallstones.
INTRODUCTION

Gallstones are the most common non-fatal disease of the biliary system. Pain caused by gallstones in the right upper quadrant, along with the associated nausea, vomiting, postprandial fullness, and discomfort in the right upper quadrant and other symptoms, can seriously affect quality of life. The prevalence of gallstones in adults in developed countries is 10%-15%[1]. In United States, there are 20-25 million newly diagnosed gallstone patients each year, with medical costs for the prevention and treatment of gallstone disease of almost $62 billion annually[2]. There is one relevant report about the nationwide prevalence of gallstones in China. In 1989, type-B ultrasonic screening revealed that the prevalence of gallstones was about 6.29% among 102.6 thousand people, and the detection rate in different regions ranged from 3.0% to 11.0%[3]. With improvements in living conditions, changes in diet, the widespread use of type-B ultrasound, the popularity of health care and other factors, the incidence of gallstones is increasing, with an approximately two-fold increase every 10 years[4].

Xinjiang is a region with a high incidence of gallstones. A previous epidemiological survey showed that the incidence of gallstones in Xinjiang was 11.1%-15.5%[5,6], exceeding the national level, which was considered to be associated with ethnicity, region and dietary habits. Liu[6] performed a survey towards the 1998-2001 examination results of 14760 healthy people in the Urumqi municipal public institutions, and found that the prevalence of gallstones in ethnic minorities (mainly Uighur, Kazak and Russian) was 13.8%, while in the Han population it was 10.4%. However, no further analysis of the risk factors for gallstones among ethnic groups was performed. There is little information on the gallstone situation in Xinjiang. For this reason, we selected 10130 subjects who agreed to undergo physical examination in the medical centre of the People’s Hospital of Xinjiang Uygur Autonomous Region from March to June 2013. Of these subjects, 9455 had all the information required to perform the relative analysis. The objective of this study was to investigate the prevalence of and risk factors for gallstone disease among adults of different ethnic groups, thus providing a scientific basis for the prevention and treatment of gallstones in this region.

MATERIALS AND METHODS
Subjects

A total of 9455 subjects who agreed to undergo physical examination in the medical centre of the People’s Hospital of Xinjiang Uygur Autonomous Region from March to June 2013 and had all the required information were selected. Their mean age was 45.58 ± 13.11 years (range 20-80 years). There were 5962 males and 3493 females, among whom 8213 were Han and 1242 were Uighur Chinese.

Methods

Type-B ultrasonic examination: ALOKA SSD-5000 colour Doppler ultrasound scanner was used, and the conventional abdominal B-ultrasonic method was performed, with a probe frequency of 3.5 MHz. All subjects were required to fast before examination. Examination was performed in the supine position, and the liver, gallbladder, pancreas and spleen were examined in turn. A gallstone was diagnosed if the cholecystic cavity exhibited a hyperechoic mass, with a stable shape; the rear of the hyperechoic mass exhibited a clear acoustic shadow; after changing position, the hyperechoic mass moved in the direction of gravity. In patients undergoing cholecystectomy for cholelithiasis, B-mode ultrasound was used to describe the circumstances of the common bile duct and whether a gallstone existed inside the liver or not, and “gallbladder removed for cholelithiasis” was recorded in such circumstances. Fatty liver was diagnosed if patients with the following item A and any of items B-E: A, the echo in the near-field of the hepatic region exhibited diffuse enhancement, while the echo in the far-field decayed; B, the intrahepatic duct structures were unclear; C, the liver exhibited mild to moderate enlargement, with a blunt edge angle; D, colour Doppler image suggested that the intrahepatic colour blood flow signal was reduced or difficult to visualise, while the strikes of intrahepatic blood vessels were normal; and E, the echoes of the hepatic right lobe membrane and diaphragm were unclear or incomplete. 

Physical examination and diagnostic criteria: Basic data on height, weight, systolic blood pressure, diastolic blood pressure and other parameters were collected from all patients. The diagnostic criteria for hypertension were: systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg; previously diagnosed hypertension; had taken or was taking antihypertensive drugs.

Laboratory examination parameters: Five millilitres of venous blood were collected in the morning after an overnight fast, and the fasting plasma glucose (FPG), triglycerides (TG), total cholesterol (TC), low-density lipoprotein (LDL) and high-density lipoprotein (HDL) were tested using an automatic biochemical analyser (ARCHITECT c16000). The dyslipidaemia standard was taken from the Prevention Guide Standard of Chinese Adult Dyslipidemia in 2007: normal lipid ranges were: TC < 5.18 mmol/L, TG < 1.70 mmol/L, LDL < 3.37 mmol/L and HDL ≥ 1.04 mmol/L. The diagnostic criteria for diabetes were: FPG ≥ 7.0 mmol/L; previously diagnosed diabetes; had undergone or was undergoing hypoglycaemic therapy.

Statistical analysis

The collected data were input into EXCEL by two people independently, who also examined and corrected the data to maintain accuracy. SPSS 16.0 statistical software was used for the data analysis. Continuous variables are expressed as mean ± SD, and intergroup comparisons were performed using the t-test. Categorical variables were analysed using the 2 test. The risk factors that might affect gallstone formation were first identified in a single-factor analysis of variance; significant variables were assessed via multivariate logistic regression. The independent variables were selected using the stepwise Wald forward method (the probability of inclusion of independent variables in the model was 0.05, and the exclusion probability was 0.1). The significant level of  was set at 0.05. The assignments of specific variables are shown in Table 1.

RESULTS

Prevalence of gallstones 

Among the 9455 cases, the prevalence of gallstones was 13.11% (1240/9455) in the general population, 11.64% (956/8213) in the Han population, and 22.87% (284/1242) in the Uighur population. The prevalence of gallstones in the Uighur population was significantly higher than that in the Han population (2 = 119.32, P = 0.00). A stratified comparative analysis of gender and age between the two ethnic groups revealed that, when stratified by age, the gallstone prevalence in the Uighur population was higher than that in the Han population (2 = 33.95, P = 0.00; 2 = 74.68, P = 0.00); likewise, when stratified by gender, the gallstone prevalence in the Uighur population was higher than that in the Han population (2 = 44.83, P = 0.00; 2 = 84.51, P = 0.00). The detailed results are shown in Table 2.

Analysis of general characteristics of gallstones in the two ethnic groups

The general information about the gallstone group (GST) and the non-gallstone group (control) is shown in Table 3. Compared with the control group, patients in the GST group: (1) were older, with a higher body-mass index (BMI); (2) exhibited obvious lipid dysbolism: increased TG, and lower HDL; and (3) were more likely to have hypertension, diabetes and fatty liver. Further analysis regarding ethnic stratification revealed that in the Uighur group: (1) in addition to the dysbolism of TG and HDL, TC was also increased; and (2) the rate of diabetes in the GST group was similar to that in the control group. Further comparative analysis of intergroup characteristics between the Uighur group and the Han group suggested that, compared with the Han patients, the Uighur patients were older, with a higher BMI, and a higher rate of fatty liver association; the concentrations of TC and LDL in the lipid metabolism were significantly higher than those in Han patients. The rates of female patients and fatty liver were also higher. The incidence of hypertension was lower than that in Han patients. There was no difference in TG or HDL between the Uighur group and the Han group (Table 4).

Logistic regression analysis of risk factors for gallstones in the Uighur and Han populations

The presence of gallstones or not was set as the dependent variable, age and BMI were set as the continuous variables, while the other variables such as ethnic group, gender, TG, TC, LDL, HDL, hypertension, diabetes and fatty liver were set as the categorical variables. The significant variables obtained in Tables 1-3 were set as the independent variables and put into the logistic regression model. This revealed that, in the general population, nationality, TG, BMI and age were the risk factors for gallstones. The odds ratios (ORs) were 2.09, 1.36, 1.07 and 1.06, respectively. In other words, under the premise that the other factors were constant, the gallstone prevalence in the Uighur population was 2.09-fold higher than that in the Han population. The prevalence of gallstones in hypertriglyceridaemia patients was 1.36-fold higher than that in the normal group. In terms of BMI, each additional 1 kg/m2 increased the risk of developing gallstones by 1.07-fold. Each additional year of age increased the risk of developing gallstones by 1.06-fold (Table 5).

The significant independent variables in the single factor analysis in Tables 1-3 were also put into a logistic regression model, and the results suggested that gender, fatty liver, TC and age were risk factors in the Uighur group, while HDL, TG, BMI and age were risk factors in the Han group (Table 6).

DISCUSSION

Seventy-five percent of gallstone cases are asymptomatic, whereas in the other 25% the symptoms seriously affect quality of life due to biliary pain, acute cholecystitis and acute cholangitis caused by gallstones. The prevalence of gallstones differs by region and ethnicity, at 5.9%-21.9% in Western countries, 5.9%-21.9% in Asian countries[7], about 70% in north American Indians[8], and less than 5% in Africans[7]. In China, the prevalence of gallstones is out of date and inaccurate[3]. Epidemiological surveys showed that the prevalence of gallstones varied from 4.2% to 12.1% in different regions of China[9-12]. The differences in prevalence may be due to the inclusion of different standards (including cholecystectomy for gallstones or not) and regional factors. Overall, the domestic gallstone prevalence was reported to be close to that of Japan and Taiwan[13,14]. Xinjiang is located in northwest of China. The economy in Xinjiang is underdeveloped, but the prevalence of gallstone disease, which is believed to be more common in middle-to-high income classes, is higher (11.1%-15.5%) in Xinjiang than in other regions of China. Meanwhile, the prevalence of gallstones is significantly higher in Uighur people than in the Han population[5,6,15], which are the main two ethnic groups living in Xinjiang. Our results also revealed that the prevalence of gallstones in the Uighur population is significantly higher than that in the Han population, not only in different age groups but also in different gender groups.

First, these differences may be attributed to the different dietary habits and living habits of these two groups. The food habits of the Uighur people are more westernized: high fat, high sugar, high proteins such as honey, cheese, raisins, dried apricots, milky tea, walnuts and other products, and low consumption of vegetables, fish and seafood. Second, the different gallstone types contributed to the difference in prevalence. According to the clinical data, cholesterol stones were the main type of gallstones and most were found inside the gallbladder in the Uighur group, while pigment stones were the most common type in the Han group and were often found inside the intrahepatic bile duct[16]. Third, different pathogenic conditions may be involved: metabolic factors are the main cause of cholesterol stones, while bile pigment stones are mainly associated with bacterial and parasitic infections of the biliary tract, bile duct stricture, cholestasis and other factors[13,14,17,18]. Lastly, ethnicity itself could be a contributing factor. This should be confirmed by genetic studies or epidemiological investigations of a larger sample.

In addition to the ethnicity, the other risk factors are not all the same between the Uighur and Han groups. Age was a risk factor in both groups. The relationship between age and gallstones has been demonstrated among different ethnic groups[14,19]. As age increased, the risk of gallstones in the Uighur and Han groups increased, with ORs of 1.07 and 1.06, respectively. Furthermore, when using 50 years old as a cut-off, the risk of gallstones in the over-50s was 3.02-3.11-fold higher than that in those under 50 years old, which was consistent with studies by Shaffer[20] and Liu et al[21]. Shaffer reported that the prevalence of gallstones in the over 40s was 4-10 times higher than that in those under 40 years old. Liu et al’s findings confirmed that age was a risk factor for gallstones: the older the age, the greater the risk of developing gallstones. Possible reasons could be that: (1) as age increased, the incidence of metabolic syndrome increased, and metabolic syndrome is closely related to the occurrence of gallstones[11]; (2) a long-term sedentary lifestyle, as well as older people’s long-term exposure to risk factors, might lead to a higher prevalence of gallstones[22,23]; and (3) gallstones are a chronic disease, and thus their prevalence would increase with increasing age[24].

The relationship between gender and gallstones remains controversial[8,14,25,26]. Gender was a risk factor in the Uighur group but not the Han group. The difference in gallstone types between the two groups was one possible cause of this phenomenon. Gender was more closely associated with cholesterol stones. A number of Western studies (in which cholesterol stones were the main stone type) confirmed that women were more susceptible to gallstones due to oestrogen as an obvious risk factor[27], with the ratio of male to female cases being 1:2 to 1:3[20,21,28,29]. Studies from Taiwan[26] and Sichuang[11] also confirmed this conclusion. However, most studies among Asian patients (bile stones as the main stone type) have failed to identify a gender-related difference[9,24].

The effects of gender on the occurrence of gallstones also interacted with age. Among those ≤ 50 years old, the prevalence of gallstones in men was higher than that in women, while in those > 50 years old, gallstones were more common in women than in men[21]. Our findings in the Uighur and Han population > 50 years old were more consistent with the findings of this study, but among the population ≤ 50 years old, the prevalence in females was equal to or a little less than that in males. Within any age range, the prevalence of gallstones was higher in Uighur women than in Han women. Some studies found that the impact of gender on gallstones was limited by age[9,30], while other studies demonstrated that postmenopausal women exhibited a higher prevalence of gallstones. Before the menopause, the prevalence of gallstones in women was higher than that in men[18,21], suggesting that the menopause is a risk factor for gallstones[18]. Our study confirmed that the impact of gender on gallstones depends on ethnicity and age. Menopause might be a cause of gallstones in women > 50 years old and oestrogen levels may influence the occurrence of gallstones in women ≤ 50 years old. Uighur women may suffer from a higher gallstone prevalence than Han women due to multiple pregnancies, their younger child-bearing age and earlier age at menarche.

Obesity is closely associated with the incidence of gallstones, which may occur in up to 25% of the severely obese[31]. The relationship between obesity and gallstones is not associated with age[32,33], but might be associated with gender. Different levels of obesity exhibit different degrees of risk for gallstones. The risks of gallstones in overweight, moderate obesity and severe obesity were 1.46, 1.83 and 3.10 times higher than in normal weight or underweight, respectively, and the risk in women was 2.73, 5.75 and 7.71 times higher, respectively[34]. The impact of obesity is higher in women than in men, and the risk in women with a BMI ≥ 32 kg/m2 was 6.0 times that in normal/underweight women[25]. Our study also found that obesity was a risk factor for gallstones and had the most impact on female patients in both ethnic groups. Setting BMI ≥ 25 kg/m2 as the cut-off to distinguish the obese group and the normal group, the risk of gallstones in the obese males and females was 1.43 and 4.07 times higher, respectively, in the Uighur population and 1.63 and 2.56 times higher in the Han population (results not shown). However, when BMI was set as a continuous variable and put into the logistic regression, it was not an independent risk factor in the Uighur group. Reasons for this may be as follows: (1) the Uighur population had a higher obesity rate. Liu et al[35] and Zhou et al[36] conducted an epidemiological survey of overweight and obese adult Han, Uighur and Kazak people in Xinjiang. The results revealed that the prevalence of obesity was higher in men than in women, and higher in the Uighur population than in the Han population; and (2) the confounding effect of obesity on different genders and the effect of gender itself on gallstones precluded the inclusion of obesity in the regression model. The possible mechanism of obesity in the formation of gallstones might be associated with the activities of the rate-limiting enzyme of cholesterol synthesis (liver enzymes, HMG-CoA), which increase the synthesis of hepatic cholesterol, and promote cholesterol supersaturation and secretion into the bile duct, while inhibiting peristalsis of the bile duct, thus contributing to gallstone formation[37].

Lipid dysbolism is the chemical basis of gallstone occurrence. A number of clinical cases and comparative control studies confirmed that gallstones are normally accompanied by lipid dysbolism, and the prevalence of gallstones in patients with hyperlipidemia increased. Our study also confirmed that, compared with non-gallstone patients, gallstone patients had higher levels of triglycerides (2.02 ± 1.35 vs 1.80 ± 1.53) and lower levels of HDL (1.28 ± 0.31 vs 1.34 ± 0.41), which were consistent with Shebl et al[38], Petitti et al[39], Ahlberg[40], Banim et al[41] and other studies. The trend for gallstones due to dyslipidaemia might be due to the high level of triglycerides that would lead to cholesterol supersaturation and reduced biliary power, thus contributing to gallstone formation[42]. The high level of triglycerides could also reduce the activities of phospholipid transfer protein and haptoglobin, thus affecting the lipoprotein reverse metabolic process through which LDL could be transformed into HDL[42]. In addition, high triglycerides are often associated with obesity and insulin resistance[43], which could also promote the formation of gallstones. HDL is mainly responsible for regulating the reverse transportation of cholesterol, and it could reduce the occurrence of gallstones from the mechanism of action[10]. During circulation, reduced HDL concentrations could inhibit the reverse transportation of cholesterol, thus increasing the secretion of hepatic cholesterol, while reducing the secretion of bile salts and phospholipids[23]. Our results confirmed that a reduction in HDL might promote gallstone formation. This is consistent with a number of studies[1,28,38,42], although other studies reported that there was no correlation between HDL and gallstones[44]. Besides the lipid dysbolism mentioned above, hypercholesterolaemia is also one of the main types in Uighur patients. Dietary habits may be the key reason for this lipid dysbolism. The serum cholesterol metabolism can be divided into the exogenous metabolism and the endogenous metabolism. The exogenous metabolism mainly involves food intake, and animal experiments have confirmed this[45]. Indeed, a high cholesterol diet is often used in animal models to induce gallstones. Following a high-cholesterol diet, the concentration of plasma cholecystokinin could be significantly reduced, resulting in dysfunction of gallbladder motility and thus promoting gallstone formation. The endogenous metabolism mainly involves the hepatic metabolism. When cholesterol levels within the blood increase, it can be transported and secreted into the bile through the liver cell membrane, increasing the concentration of bile cholesterol and resulting in an imbalance of bile cholesterol/bile acid. The cholesterol would thus crystallize and form a gallstone.

Numerous studies have confirmed that fatty liver is closely associated with gallstones. The incidence of gallstones was significantly higher in fatty liver patients than in the normal population, especially in those with non-alcoholic steatohepatitis[46,47]. An epidemiological survey of 14760 cases showed that in the Urumqi region of Xinjiang[48], 17.33% of fatty liver patients had gallstones, compared with 9.21% of the non-fatty liver group. Our results showed a similar pattern (16.93% vs 10.99%), and the difference was much more obvious in the Uighur population (14.73% vs 9.97% in the Han population, 29.65% vs 18.33% in the Uighur population, respectively) and in women (26.52% vs 10.20% in women, 14.39% vs 11.66% in men, respectively). These data are not presented in the Results section. The detection rate of fatty liver was higher in women[49,50]. The common risk factors for fatty liver and gallstones are age, obesity, metabolic syndrome, insulin resistance and hyperlipidaemia[28,51]. The main pathological process of fatty liver involves the infiltration and accumulation of a large number of fat cells inside the liver cells, resulting in liver ischaemia, degeneration, necrosis and cirrhosis. Liver function is thus damaged, leading to a reduction in the synthesis of bile acids and phospholipids in the liver, and in turn, a deficiency of cholinergic and non-saturated fatty acids. At the same time, the fatty liver combined with dyslipidaemia would promote the supersaturation of cholesterol in the bile, and these three factors would work together to accelerate the formation of gallstones[47,52,53].

This single-centre study confirmed that, among the overall population, the prevalence of gallstones was 13.11%, with the Uygur population having a higher prevalence than the Han. The risk factors differed between the Uighur and Han populations. After eliminating the only common factor (age), the risk factors in the Han population included BMI, TG and HDL, while those in the Uighur population included TC, gender and fatty liver. A further comparative analysis of general characteristics of the Han and Uighur populations revealed that the Uighur patients were older than the Han, with higher levels of BMI, more women and fatty liver, a higher LDL rate and a higher TC rate, while the incidence of hypertension was lower than in the Han population.

COMMENTS

Background

Xinjiang is a multi-ethnic area and is one of the high-risk areas for gallstones in China. However, there have been few studies about the prevalence of gallstone disease, especially in the Uighur group.

Research frontiers

The authors designed a cross-sectional study with a large sample of Han and Uighur subjects to evaluate the prevalence of and risk factors for gallstones, and to compare and analyze shared and exclusive risk factors between the two ethnic groups. They concluded that the prevalence of gallstones was higher in the Uighur population than in the Han population; that gender, total cholesterol, fatty liver and age are the risk factors for Uighur patients; and that triglycerides, high density lipoprotein cholesterol, obesity and age are the risk factors for Han patients.

Innovations and breakthroughs

This study confirmed that age and hyperlipidaemia are positive risk factors for gallstone disease, but that the types of hyperlipidaemia differ between the Uighur (hypercholesterolemia) and Han patients (elevated triglycerides and reduced high-density lipoprotein). Gender is a risk factor for Uighur but not Han patients, and the effects of gender on gallstones interacted with age, and could combine to affect the occurrence of gallstones. Obesity is a risk factor for gallstones and has a greater impact in women in both ethnic groups. The study complemented the background prevalence of gallstone disease in Xinjiang, China, especially in the Uighur population.

Applications

The results of this paper could guide clinicians to target high-risk groups for related inspection and early treatment. Furthermore, preventive strategies could be identified and planned according to these results.

Peer review

This paper provides information about the prevalence of and risk factors for gallstone disease in Xinjiang. The results of this study provide a basis for further research to explore the genetic molecular mechanisms of gallstones in the two ethnic groups. The presentation of results is logical and the discussion is comprehensive.

REFERENCES

1
Stinton LM, Shaffer EA. Epidemiology of gallbladder disease: cholelithiasis and cancer. Gut Liver 2012; 6: 172-187 [PMID: 22570746 DOI: 10.5009/gnl.2012.6.2.172]

2
Everhart JE, Ruhl CE. Burden of digestive diseases in the United States part I: overall and upper gastrointestinal diseases. Gastroenterology 2009; 136: 376-386 [PMID: 19124023 DOI: 10.1053/j.gastro.2008.12.015]

3
Zhuang X, Li U. [Epidemiologic study of risk factors of gallstone]. Zhonghua Liu Xing Bing Xue Zazhi 1999; 20: 181-183 [PMID: 10682533]

4
Min YX, Yu GW. Epidemiologic Study of gallstone in Chinese Minority Groups. Zhongguo Chuji Weishengbaojian 2009; 23: 80-81 [DOI: 10.3969/j.issn.1001-568X.2009.05.040]

5
Ye Z, Tuo KQ, Zhang SF, Peng G, Chen KS, Liu P, Ahmtg A. An epidemiological survey of gallstone in Kelamay region people. Zhongguo Putong Waike Zazhi 2005; 14: 577-581 [DOI: 10.3969/j.issn.1005-6947.2005.08.006]

6
Liu CH. Relationship and comparative research of fatty liver and gallstone in Han and Minority Groups in Urumqi. Hebei Yike Daxue Xuebao 2003; 24: 110-111 [DOI: 10.3969/j.issn.1007-3205.2003.02.018]

7
Chuang SC, Hsi E, Lee KT. Genetics of gallstone disease. Adv Clin Chem 2013; 60: 143-185 [PMID: 23724744 DOI: 10.1016/B978-0-12-407681-5.00005-2]

8
Shaffer EA. Gallstone disease: Epidemiology of gallbladder stone disease. Best Pract Res Clin Gastroenterol 2006; 20: 981-996 [PMID: 17127183 DOI: 10.1016/j.bpg.2006.05.004]

9
Xu Q, Tao LY, Wu Q, Gao F, Zhang FL, Yuan L, He XD. Prevalences of and risk factors for biliary stones and gallbladder polyps in a large Chinese population. HPB (Oxford) 2012; 14: 373-381 [PMID: 22568413 DOI: 10.1111/j.1477-2574.2012.00457.x]

10
Chen LY, Qiao QH, Zhang SC, Chen YH, Chao GQ, Fang LZ. Metabolic syndrome and gallstone disease. World J Gastroenterol 2012; 18: 4215-4220 [PMID: 22919256 DOI: 10.3748/wjg.v18.i31.4215]

11
Sun H, Tang H, Jiang S, Zeng L, Chen EQ, Zhou TY, Wang YJ. Gender and metabolic differences of gallstone diseases. World J Gastroenterol 2009; 15: 1886-1891 [PMID: 19370788 DOI: 10.3748/wjg.15.1886]

12
Shu ZW, Lian SS. Survey of gallstone towards 28324 country residents in Ruanling Country. Zhongwai Yiliao 2011; 30: 144-146 [DOI: 10.3969/j.issn.1674-0742.2011.23.113]

13
Takahashi Y, Yamamichi N, Shimamoto T, Mochizuki S, Fujishiro M, Takeuchi C, Sakaguchi Y, Niimi K, Ono S, Kodashima S, Mitsushima T, Koike K. Helicobacter pylori infection is positively associated with gallstones: a large-scale cross-sectional study in Japan. J Gastroenterol 2014; 49: 882-889 [PMID: 23736795 DOI: 10.1007/s00535-013-0832-z]

14
Chen CH, Huang MH, Yang JC, Nien CK, Etheredge GD, Yang CC, Yeh YH, Wu HS, Chou DA, Yueh SK. Prevalence and risk factors of gallstone disease in an adult population of Taiwan: an epidemiological survey. J Gastroenterol Hepatol 2006; 21: 1737-1743 [PMID: 16984599 DOI: 10.1111/j.1440-1746.2006.04381.x]

15
Zhang SF, Peng G, Tuo KQ, Ye Z. An epidemiological survey of gallstone in people of different nationalities in Kelamayi. Zhonghua Waike Zazhi 2009; 15: 671-672 [DOI: 10.3760/cma.j.issn.1007-8118.2009.09.011]

16
Zhuang JH, Dilmurat, Zhou GM, Abudharic. Clinical analysis of 827 gallstone cases in Xinjiang Uighur neighborhoods. Gandanyi Waike Zazhi 2006; 18: 47-48 [DOI: 10.3969/j.issn.1007-1954.2006.01.018]

17
Bodmer M, Brauchli YB, Krähenbühl S, Jick SS, Meier CR. Statin use and risk of gallstone disease followed by cholecystectomy. JAMA 2009; 302: 2001-2007 [PMID: 19903921 DOI: 10.1001/jama.2009.1601]

18
Hung SC, Liao KF, Lai SW, Li CI, Chen WC. Risk factors associated with symptomatic cholelithiasis in Taiwan: a population-based study. BMC Gastroenterol 2011; 11: 111 [PMID: 21999925 DOI: 10.1186/1471-230X-11-111]

19
Festi D, Dormi A, Capodicasa S, Staniscia T, Attili AF, Loria P, Pazzi P, Mazzella G, Sama C, Roda E, Colecchia A. Incidence of gallstone disease in Italy: results from a multicenter, population-based Italian study (the MICOL project). World J Gastroenterol 2008; 14: 5282-5289 [PMID: 18785280 DOI: 10.3748/wjg.14.5282]

20
Shaffer EA. Epidemiology and risk factors for gallstone disease: has the paradigm changed in the 21st century? Curr Gastroenterol Rep 2005; 7: 132-140 [PMID: 15802102 DOI: 10.1007/s11894-005-0051-8]

21
Liu CM, Tung TH, Chou P, Chen VT, Hsu CT, Chien WS, Lin YT, Lu HF, Shih HC, Liu JH. Clinical correlation of gallstone disease in a Chinese population in Taiwan: experience at Cheng Hsin General Hospital. World J Gastroenterol 2006; 12: 1281-1286 [PMID: 16534886 DOI: 10.3748/wjg.v12.i8.1281]

22
Kriska AM, Brach JS, Jarvis BJ, Everhart JE, Fabio A, Richardson CR, Howard BV. Physical activity and gallbladder disease determined by ultrasonography. Med Sci Sports Exerc 2007; 39: 1927-1932 [PMID: 17986899 DOI: 10.1249/mss.0b013e3181484d0e]

23
Völzke H, Baumeister SE, Alte D, Hoffmann W, Schwahn C, Simon P, John U, Lerch MM. Independent risk factors for gallstone formation in a region with high cholelithiasis prevalence. Digestion 2005; 71: 97-105 [PMID: 15775677 DOI: 10.1159/000084525]

24
Liu CM, Tung TH, Liu JH, Lee WL, Chou P. A community-based epidemiologic study on gallstone disease among type 2 diabetics in Kinmen, Taiwan. Dig Dis 2004; 22: 87-91 [PMID: 15292700 DOI: 10.1159/000078740]

25
Lai SW, Muo CH, Liao KF, Sung FC, Chen PC. Risk of acute pancreatitis in type 2 diabetes and risk reduction on anti-diabetic drugs: a population-based cohort study in Taiwan. Am J Gastroenterol 2011; 106: 1697-1704 [PMID: 21577242 DOI: 10.1038/ajg.2011.155]

26
Liew PL, Wang W, Lee YC, Huang MT, Lin YC, Lee WJ. Gallbladder disease among obese patients in Taiwan. Obes Surg 2007; 17: 383-390 [PMID: 17546848 DOI: 10.1007/s11695-007-9068-4]

27
Guzek JW, Kuropatwa Z, Lewgowd T. The neurohypophysial vasopressin content as influenced by modified cholinergic or adrenergic transmission during long-term dehydration in the white rat. Endokrinologie 1978; 72: 195-204 [PMID: 0216539 DOI: 10.1038/sj.bjc.6605597]

28
Palermo M, Berkowski DE, Córdoba JP, Verde JM, Giménez ME. Prevalence of cholelithiasis in Buenos Aires, Argentina. Acta Gastroenterol Latinoam 2013; 43: 98-105 [PMID: 23940909] 

29
Kim SS, Lee JG, Kim DW, Kim BH, Jeon YK, Kim MR, Huh JE, Mok JY, Kim SJ, Kim YK, Kim IJ. Insulin resistance as a risk factor for gallbladder stone formation in Korean postmenopausal women. Korean J Intern Med 2011; 26: 285-293 [PMID: 22016589 DOI: 10.3904/kjim.2011.26.3.285]

30
Lin WR, Lin DY, Tai DI, Hsieh SY, Lin CY, Sheen IS, Chiu CT. Prevalence of and risk factors for gallbladder polyps detected by ultrasonography among healthy Chinese: analysis of 34 669 cases. J Gastroenterol Hepatol 2008; 23: 965-969 [PMID: 17725602 DOI: 10.1111/j.1440-1746.2007.05071.x]

31
Li VK, Pulido N, Fajnwaks P, Szomstein S, Rosenthal R, Martinez-Duartez P. Predictors of gallstone formation after bariatric surgery: a multivariate analysis of risk factors comparing gastric bypass, gastric banding, and sleeve gastrectomy. Surg Endosc 2009; 23: 1640-1644 [PMID: 19057954 DOI: 10.1007/s00464-008-0204-6]

32
Fradin K, Racine AD, Belamarich PF. Obesity and symptomatic cholelithiasis in childhood: epidemiologic and case-control evidence for a strong relation. J Pediatr Gastroenterol Nutr 2014; 58: 102-106 [PMID: 23969538 DOI: 10.1097/MPG.0b013e3182a939cf]

33
Svensson J, Makin E. Gallstone disease in children. Semin Pediatr Surg 2012; 21: 255-265 [PMID: 22800978 DOI: 10.1053/j.sempedsurg.2012.05.008]

34
Koebnick C, Smith N, Black MH, Porter AH, Richie BA, Hudson S, Gililland D, Jacobsen SJ, Longstreth GF. Pediatric obesity and gallstone disease. J Pediatr Gastroenterol Nutr 2012; 55: 328-333 [PMID: 22314396 DOI: 10.1097/MPG.0b013e31824d256f]

35
Liu C, Ma X, Ma YT, Liu F, Yang YN, Huang D, Li XM, Huang Y, Chen Y, Chen BD, Xie X. Prevalence on overweight and obesity in Han, Uygur and Hazakh in adults from Xinjiang. Zhonghua Liu Xing Bing Xue Zazhi 2010; 31: 1139-1143 [DOI: 10.3760/cma.j.issn.0254-6450.2010.10.015]

36
Zhou XH, Zhang X, Gulizhaeri M, Li L, Hao CG. Survey on central obesity among midle-aged and elderly people of Uygurs and Hans ethnicities in Xinjiang. Zhonghua Liu Xing Bing Xue Zazhi 2009; 30: 692-694 [DOI: 10.3760/cma.j.issn.0254-6450.2009.07.011]

37
Lambou-Gianoukos S, Heller SJ. Lithogenesis and bile metabolism. Surg Clin North Am 2008; 88: 1175-194, vii [PMID: 18992590 DOI: 10.1016/j.suc.2008.07.009]

38
Shebl FM, Andreotti G, Meyer TE, Gao YT, Rashid A, Yu K, Shen MC, Wang BS, Han TQ, Zhang BH, Stanczyk FZ, Hsing AW. Metabolic syndrome and insulin resistance in relation to biliary tract cancer and stone risks: a population-based study in Shanghai, China. Br J Cancer 2011; 105: 1424-1429 [PMID: 21915122 DOI: 10.1038/bjc.2011.363]

39
Petitti DB, Friedman GD, Klatsky AL. Association of a history of gallbladder disease with a reduced concentration of high-density-lipoprotein cholesterol. N Engl J Med 1981; 304: 1396-1398 [PMID: 7231462 DOI: 10.1056/NEJM198106043042305]

40
Ahlberg J. Serum lipid levels and hyperlipoproteinaemia in gallstone patients. Acta Chir Scand 1979; 145: 373-377 [PMID: 525182]

41
Banim PJ, Luben RN, Bulluck H, Sharp SJ, Wareham NJ, Khaw KT, Hart AR. 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: 733-740 [PMID: 21623190 DOI: 10.1097/MEG.0b013e3283477cc9]

42
Henderson RJ, Wasan KM, Leon CG. Haptoglobin inhibits phospholipid transfer protein activity in hyperlipidemic human plasma. Lipids Health Dis 2009; 8: 27 [PMID: 19627602 DOI: 10.1186/1476-511X-8-27]

43
Smelt AH. Triglycerides and gallstone formation. Clin Chim Acta 2010; 411: 1625-1631 [PMID: 20699090 DOI: 10.1016/j.cca.2010.08.003]

44
Stender S, Frikke-Schmidt R, Benn M, Nordestgaard BG, Tybjærg-Hansen A. Low-density lipoprotein cholesterol and risk of gallstone disease: a Mendelian randomization study and meta-analyses. J Hepatol 2013; 58: 126-133 [PMID: 22922093 DOI: 10.1016/j.jhep.2012.08.013]

45
Zhang L, Dong L. The influence of high cholesterol diet on gallbladder calculus formation and gallbladder motility. Xian Jiaotong Daxue Xuebao: Yixueban 2005; 26: 260-262 [DOI: 10.3969/j.issn.1671-8259.2005.03.018]

46
Aslam HM, Saleem S, Edhi MM, Shaikh HA, Khan JD, Hafiz M, Saleem M. Assessment of gallstone predictor: comparative analysis of ultrasonographic and biochemical parameters. Int Arch Med 2013; 6: 17 [PMID: 23618353 DOI: 10.1186/1755-7682-6-17]

47
Ahmed MH, Hamad MA, Routh C, Connolly V. Statins as potential treatment for cholesterol gallstones: an attempt to understand the underlying mechanism of actions. Expert Opin Pharmacother 2011; 12: 2673-2681 [PMID: 22043827 DOI: 10.1517/14656566.2011.629995]

48
Wei JK. Comparative study of prevalence of fatty liver and cholecystolithiasis in Han and Minority Groups in Uyghur region. Yixue Xinxi 2010; 23: 1482-1483

49
Zhou AP. Relationships of fatty liver detection rate, age and gender in country middle and old populations. Zhongguo Shiyong Yiyao 2013; 2: 253-255 [DOI: 10.3969/j.issn.1673-7555.2013.02.212]

50
Zheng W, Fang F. Investigation of fatty liver, cholecystolithiasis and gallbladder Polypous. Baotou Yixueyuan Xuebao 2010; 26: 52-54 [DOI: 10.3969/j.issn.1006-740X.2010.03.025]

51
Liao XH, Cao X, Liu J, Xie XH, Sun YH, Zhong BH. Prevalence and features of fatty liver detected by physical examination in Guangzhou. World J Gastroenterol 2013; 19: 5334-5339 [PMID: 23983438 DOI: 10.3748/wjg.v19.i32.5334]

52
Wang F, Wang YY. Correlation study of fatty liver and cholecyst disease. Jilin Yiyao Xueyuan Xuebao 2013; 34: 202-204 [DOI: 10.3969/j.issn.1673-2995.2013.03.020]

53
Liu JJ, Zhang B. Analysis of clinical characteristics of fatty liver accompanied with cholecystolithiasis. Ganzang 2012; 17: 367-368 [DOI: 10.3969/j.issn.1008-1704.2012.05.024]

P- Reviewer: Enochsson L    S- Editor: Wang JL    L- Editor: Wang TQ    E- Editor: Zhang DN







�





Table 1  Variable assignments


Name�
Negative assignment�
Positive assignment�
�
Gender�
Male = 0�
Female = 1�
�
Age�
≤ 50 = 0�
> 50 = 1�
�
Ethnic group�
Han = 0�
Uighur = 1 �
�
Hypertension�
Normal or less than normal = 0�
Hypertension = 1�
�
Diabetes �
Normal or less than normal = 0�
FPG ≥ 7.0 mmol/L = 1�
�
Fatty liver�
(- ) = 0�
(+ ) = 1�
�
TG�
TG ≤ 1.70 mmol/L = 0�
TG > 1.70 mmol/L = 1�
�
TC�
≤ 5.18 mmol/L = 0�
> 5.18 mmol/L = 1�
�
HDL-C�
≥ 1.04 mmol/L = 0�
< 1.04 mmol/L = 1�
�
TG: Triglycerides; TC: Total cholesterol; HDL-C: High density lipoprotein cholesterol.





Table 2  Gallstone prevalence rates in different ethnic groups


�
�
Prevalence rate�
2�
P value�
�
Han�
Male (≤ 50)�
   8.24% (280/3396)�
117.02�
0.00�
�
�
(> 50)�
 18.44% (328/1779)�
�
�
�
�
Female (≤ 50)�
     5.45% (120/22320)�
306.52�
0.00�
�
�
(> 50)�
28.29% (228/806)�
�
�
�
�
Total (≤ 50)�
    7.11% (400/5628)�
357.22�
0.00�
�
�
(> 50)�
   21.51% (556/2585)�
�
�
�
�
Total male�
   11.75% (608/5175)�
   0.16�
0.69�
�
�
Total female�
    11.45% (348/3038)�
�
�
�
Uighur�
Male (≤ 50)�
13.96% (68/487)�
31.98�
0.00�
�
�
(> 50)�
30.67% (92/300)�
�
�
�
�
Female (≤ 50)�
11.58% (36/311)�
121.82�
0.00�
�
�
(> 50)�
61.11% (88/144)�
�
�
�
�
Sum (≤ 50)�
  13.03% (104/798)�
122.42�
0.00�
�
�
(> 50)�
  40.54% (180/444)�
�
�
�
�
Total male�
  20.33% (160/787)�
    7.83�
0.01�
�
�
Total female�
  27.25% (124/455)�
�
�
�






Table 3  Analysis of general data in gallstone group and controls based on different ethnic groups


�
Age�
BMI�
Fatty liver�
Debates�
Hypertension�
TG�
TC�
LDL�
HDL�
�
Sum(9455)�
GST (1240)�
54.65 ± 12.98�
26.41 ± 3.64�
46.13%�
7.74%�
33.55%�
2.02 ± 1.35�
4.89 ± 0.90�
2.79 ± 0.76�
1.28 ± 0.31�
�
�
Control group (8215)�
44.21 ± 12.57�
24.77 ± 3.62�
34.16%�
3.70%�
24.25%�
1.79 ± 1.52�
4.84 ± 1.02�
2.81 ± 1.57�
1.34 ± 0.41�
�
�
2 or t �
27.14�
14.87�
67.25�
43.43�
49.09�
5.05�
1.70�
0.53�
4.50�
�
�
P�
0.00�
0.00�
0.00�
0.00�
0.00�
0.00�
0.09�
0.59�
0.00�
�
Han(8213)�
GST (956)�
55.07 ± 13.65�
26.00 ± 3.53�
44.35%�
8.37%�
35.15%�
2.03 ± 1.21�
4.84 ± 0.86�
2.72 ± 0.75�
1.29 ± 0.33�
�
�
Control group (7257)�
44.21 ± 12.69�
24.60 ± 3.42�
33.82%�
3.47%�
24.75%�
1.80 ± 1.53�
4.84 ± 1.00�
2.80 ± 1.64�
1.34 ± 0.42�
�
�
2 or t �
23.31�
11.84�
41.19�
52.20�
47.52�
4.53�
0.03�
1.49�
3.99�
�
�
P�
0.00�
0.00�
0.00�
0.00�
0.00�
0.00�
0.97�
0.14�
0.00�
�
Uighur(1242)�
GST (284)�
53.23 ± 10.29�
27.80 ± 3.68�
47.89%�
5.63%�
28.17%�
2.00 ± 1.76�
5.05 ± 1.00�
3.01 ± 0.77�
1.26 ± 0.24�
�
�
Control group (958)�
44.18 ± 11.67�
26.09 ± 4.62�
36.74%�
5.43%�
20.46%�
1.77 ± 1.42�
4.86 ± 1.09�
2.89 ± 0.88�
1.29 ± 0.37�
�
�
2 or t �
12.60�
6.49�
11.41�
0.02�
7.53�
2.29�
2.70�
1.30�
2.40�
�
�
P�
0.00�
0.00�
0.00�
0.89�
0.01�
0.02�
0.01�
0.20�
0.03�
�
BMI: Body-mass index; TG: Triglycerides; TC: Total cholesterol; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; GST: Gallstone. 





Table 4  Analysis of general data in Han and Uygur patients with gallstones


Item�
Uighur (n = 284)�
Han (n = 956)�
2 or t�
P value�
�
Age�
  55.07 ± 13.65�
  53.23 ± 10.29�
7.47�
0.00�
�
BMI�
27.80 ± 3.68�
26.00 ± 3.53�
2.44�
0.02�
�
TG�
  2.00 ± 1.76�
  2.03 ± 1.21�
0.30�
0.76�
�
TC�
  5.05 ± 1.00�
  4.84 ± 0.86�
3.49�
0.00�
�
LDL�
  3.01 ± 0.77�
  2.72 ± 0.75�
5.75�
0.00�
�
HDL�
  1.26 ± 0.24�
  1.29 ± 0.33�
1.34�
0.18�
�
Fatty liver�
52.11%�
44.35%�
5.31�
0.02�
�
Diabetes�
  5.63%�
  8.37%�
2.92�
0.13�
�
Hypertension�
28.17%�
35.15%�
4.78�
0.03�
�
Female/male�
43.66%�
36.40%�
4.90�
0.03�
�
BMI: Body-mass index; TG: Triglycerides; TC: Total cholesterol; LDL: Low-density lipoprotein; HDL: High-density lipoprotein.





Table 5  Non-conditional logistic regression analysis for gallstones


Variable�
�
SE�
P value�
OR�
95%CI�
�
Ethnicity�
0.74�
0.08�
0.00�
2.09�
1.77-2.46�
�
TG�
0.31�
0.07�
0.00�
1.36�
1.19-1.55�
�
BMI�
0.07�
0.00�
0.00�
1.07�
1.06-1.09�
�
Age�
0.06�
0.00�
0.00�
1.06�
1.06-1.07�
�
BMI: Body-mass index; TG: Triglycerides. 





Table 6  Non-conditional logistic regression analysis in different ethnic groups


�
Variable�
�
SE�
P value�
OR�
95%CI�
�
Uighur�
Gender�
0.80�
0.15�
0.00�
2.21�
1.64-2.99�
�
�
Fatty liver�
0.48�
0.15�
0.00�
1.62�
1.21-2.17�
�
�
TC�
0.31�
0.15�
0.04�
1.37�
1.02-1.83�
�
�
Age�
0.07�
0.01�
0.00�
1.07�
1.06-1.09�
�
Han�
HDL�
0.29�
0.09�
0.00�
1.34�
1.12-1.59�
�
�
TG�
0.28�
0.08�
0.00�
1.33�
1.15-1.54�
�
�
BMI�
0.08�
0.01�
0.00�
1.09�
1.06-1.11�
�
�
Age�
0.06�
0.00�
0.00�
1.06�
1.06-1.07�
�
BMI: Body-mass index; TG: Triglycerides; TC: Total cholesterol; HDL: High-density lipoprotein.








