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Objective: To investigate the incidence and risk factors of gallbladder stones and polyps in individuals undergoing physical examinations in Liaoning province, China.

Methods: This is a retrospective study of adults who underwent routine health examinations at Xikang Medical Center in Liaoning Province (Shenyang, Dandong, and Dalian) from 01/2016 to 12/2020. The routine health examination included anthropometry, blood tests, and liver ultrasound. Based on liver ultrasound results, patients were grouped into those with gallbladder stones, those with gallbladder polyps, those with both stones and polyps, and those with neither.

Results: Of the 284,129 included subjects, 6,537 (2.30%) were diagnosed with gallbladder stones, and 18,873 (6.64%) were diagnosed with gallbladder polyps. The overall prevalence in Liaoning province increased each year, peaking in 2020. The prevalence of gallbladder stones was higher among females than males (2.39% vs. 2.23%, respectively), while the prevalence of gallbladder polyps was higher among males. The gallbladder polyp group had higher BMI, FBG, SBP, DBP, TG, TC, LDL-C, HDL-C, AST, ALP, GGT, BUN, Scr, SUA. Except for HDL-C, all factors were also higher in the gallbladder stone group. Patients with fatty liver had a higher prevalence of gallbladder stones and polyps than participants without fatty liver.

Conclusion: The prevalence of gallbladder stones and polyps in Liaoning varies by sex, economic status of the city of residence, BMI, and metabolic indicators.
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INTRODUCTION

Gallbladder stones are the most common form of gallbladder disease, with a high prevalence among middle-aged women. The disorder is caused by particular contents in the bile. While the proportion of cholesterol is higher, the proportion of bile acid content is relatively lower, resulting in the long-term crystallization of cholesterol into stones (1). Most patients with gallbladder stones have asymptomatic gallstones with no clinical symptoms (2), but some experience symptoms such as discomfort in the right upper abdomen, dyspepsia, and biliary colic. Patients do not usually seek medical care for atypical symptoms. The most common clinical manifestation of gallbladder stones is biliary colic (3). This may occur after patients eat greasy food or change position, causing persistent pain in the right upper abdomen with paroxysmal exacerbation and dissipation to the right shoulder. Biliary colic occurs because stones are embedded in the neck of the gallbladder, preventing bile from being discharged and causing strong contractions. If gallbladder stone incarceration is not diagnosed or treated in time, the patient may develop acute cholecystitis with infection. This can lead to pancreatitis if gallbladder stones fall into the common bile duct. Another common gallbladder disease is gallbladder polyps, characterized as a local protrusion of the inner wall of the gallbladder into the gallbladder cavity. Its main etiology and clinical manifestation are similar to that of gallbladder stones. As a result of the increased cholesterol content in the bile (4), macrophages aggregate and phagocytose in this region, gradually forming protrusions that protrude out of the mucosal surface (5).

In recent years, there has been an increasing prevalence of gallbladder stones and polyps. The current prevalence of gallbladder stones has risen to >10%. This study retrospectively analyses physical examination data from 3 major cities in Liaoning Province, Shenyang, Dalian, and Dandong, to assess the prevalence of gallbladder stones and polyps in this region, and further explore their related risk factors.



MATERIALS AND METHODS


Study Subjects

This is a retrospective study of adults who underwent routine health examinations at Xikang Medical Center in Liaoning Province between January 2016 and December 2020. Based on the population distribution of Liaoning Province, three cities with the largest populations, Shenyang, Dalian, and Dandong, were selected for study. Individuals who were >18 years of age, were living in Shenyang, Dalian, or Dandong for at least 5 years, had participated in the annual physical examination, and had no missing data were included in the study. For individuals with more than one examination during the study period, only the first examination was included. Overall, 2,84,129 individuals were included in the study and divided into the gallbladder stone only group (sGS), the gallbladder polyps only group (sGP), the gallbladder stone and polyps group (GSP), and the no gallbladder stones or polyps group (nGSP). The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the First Hospital of China Medical University ([2020]2020-257). The ethics committee waived the requirement for informed consent because of the retrospective nature of the study.



Physical Examinations

All physical examinations and blood tests included in this study were part of the routine examination. Blood pressure measurements, including systolic blood pressure (SBP) and diastolic blood pressure (DBP), were taken twice using an electronic sphygmomanometer (HEM-7200, OMRON Healthcare, Kyoto, Japan) after the participants had been sitting in a calm state for at least 5 min. Height and weight were measured while fasting in the morning, and body mass index (BMI) was measured as kg/m2. Anterior cubital vein blood was drawn in the fasting state (at least 8 h). Midstream specimen of morning urine was also taken. Routine blood panel, liver function, kidney function, serum uric acid (SUA), fasting blood glucose (FBG), blood lipids, and routine urine analysis were assessed using a 7,600 autoanalyzer (Hitachi, Tokyo, Japan).



Diagnostic Standards

Ultrasound was part of the routine examination and was performed by 2 experienced ultrasound radiologists with at least 5 years of experience using an IU 22 system (Philips, Best, Netherlands). An individual was diagnosed with gallbladder stones when the ultrasound examination showed a strong echogenic light group in the gallbladder followed by a sound shadow, which moved with a change in body position. An individual was diagnosed with gallbladder polyps when the ultrasound examination showed that papillary or mulberry-like nodules protruded into the gallbladder with strong or medium echoes and did not change with body position. An individual was diagnosed with fatty liver when the ultrasound examination showed that the liver had fatty liver changes (hyperechogenicity due to increased acoustic interface caused by the intracellular accumulation of lipid vesicles, blurring of vascular margins, increased liver size, and increased acoustic attenuation). Dyslipidemia diagnosis was determined using the “Guidelines for the Prevention and Treatment of Dyslipidemia in Chinese Adults” developed by the Chinese Cardiovascular Disease Association in 2007. Diabetes (DM) and hypertension diagnoses were made using 1999 World Health Organization standards. Obesity and overweight diagnoses were made using WHO recommendations (overweight: BMI ≥24 kg/m2; obesity: BMI ≥28 kg/m2).



Statistical Analysis

Statistical analysis was performed using R 3.5.3 and R commander 2.5-3. Continuous variables were expressed as the mean ± standard deviation and the parameter t-test was used to assess the difference between groups. The counting data were expressed as percentages and compared using a Chi-square test. Multivariate logistic regression was used for the risk factors analysis. P-values <0.05 were considered statistically significant in all analyses.




RESULTS

Of the 2,84,129 included subjects, 6,537 (2.3%) were diagnosed with gallbladder stones and 18,873 (6.64%) were diagnosed with gallbladder polyps. The prevalences stratified by sex, city, time, and age are shown in Figure 1. The prevalence of gallbladder stones in Shenyang, Dandong, and Dalian in the past 5 years was 1.90, 3.67, and 2.13%, respectively, and the prevalence of gallbladder polyps was 6.19, 7.14, and 6.90%, respectively. They were significantly different across city groups (P < 0.001). The total annual prevalence of gallbladder stones from 2016 to 2020 was 1.59, 2.00, 2.35, 2.39, and 2.52%, respectively while the total annual prevalence of gallbladder polyps was 4.89, 5.05, 5.89, 7.02, and 7.96%, respectively. Thus, the overall prevalence in Liaoning province increased by year, peaking in 2020. The prevalence conformed to the linear and growth models using trend prediction analysis (P < 0.001). Gallbladder stone prevalence was higher in females than males (2.39% vs. 2.23%, respectively) (P < 0.05), while gallbladder polyp prevalence was higher in males than females (7.15% vs. 5.59%, respectively) (P < 0.001). Their prevalence was significantly different across age groups (P < 0.001). The prevalence of gallbladder stones increased with age, but the prevalence of gallbladder polyps peaked in patients 50–59 years of age.
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FIGURE 1. Prevalence of gallbladder stones and gallbladder polyps stratified by different subgroups (A) gender; (B) city; (C) year; (D) age.


Gallbladder polyp prevalence was higher in male than female patients regardless of city of residence, year, and age (except for patients >70 years) (P < 0.01). Gallbladder stone prevalence showed no statistical difference by year for both males and females (P > 0.05). The prevalence of gallbladder polyps was higher for females than males in Shenyang and Dalian but different in Dandong (P < 0.01). A comparison of male and female gallbladder polyp prevalence stratified by age, city, and year is shown in Table 1.


TABLE 1. Comparision of prevalence of gallbladder stones and gallbladder polyps between male and female stratified by different subgroups.
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The biomarkers of each group are shown in Table 2. The gallbladder polyp group had higher BMI, FBG, SBP, DBP, TG, TC, LDL-C, HDL-C, AST, ALP, GGT, BUN, Scr, and SUA than the group with no gallbladder stones or polyps (P < 0.05). The same was true of the gallbladder stone group, except that there was no difference in HDL-C (P = 0.118). However, patients with both gallbladder stones and polyps had higher BMI, FBG, SBP, DBP, TG, TC, LDL-C, GGT, SUA, and Scr (P < 0.05).


TABLE 2. Comparison of related factors of gallbladder stones and gallbladder polyps.
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Results of the multivariable logistic analyses are shown in Table 3. In all subjects, BMI, FBG, SBP, TC, and LDL-C were independent risk factors associated with gallbladder stones (P < 0.05), while DBP, TC, LDL-C, and Scr were independent risk factors and for gallbladder polyps (P < 0.05). HDL-C level was an independent factor for both gallbladder stones and polyps with a negative association (P < 0.05).


TABLE 3. Multivariate analysis of risk factors of gallbladder stones and gallbladder polyps.
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Overweight, obesity, hypertension, diabetes, fatty liver, hypertriglyceridemia, and hypercholesterolemia prevalence were higher in patients with gallbladder stones than those without (P < 0.001). Similar results were observed for patients with gallbladder polyps, except that there were no differences in obesity, hypertriglyceridemia, or diabetes (Table 4). 91,837 Patients have fatty liver by ultrasound, accounting for 33.10%. Patients with fatty liver had a higher prevalence of gallbladder polyps and gallbladder stones than those without fatty liver, and this was seen in all cities (P < 0.001) (Figure 2).


TABLE 4. Prevalence of metabolic associated disease in gallbladder stones and gallbladder polyps.
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FIGURE 2. Correlation fatty liver and gallbladder stone and gallbladder polyps. (A) The proportion of gallbladder stones in fatty liver group and non-fatty liver group in different cities. (B) The proportion of gallbladder polyps in fatty liver group and non-fatty liver group in different cities. (C) The proportion of both gallbladder stones and polyps in fatty liver group and non-fatty liver group in different cities.




DISCUSSION

The incidence of gallbladder stones differs by country likely because of differences in geographical environment and lifestyle. The incidence in European and American countries is about 5–8% and slightly higher in China (6). The prevalence also differed between regions of China with Xinjiang having the highest prevalence of about 15%. The prevalence of gallbladder polyps in adults ranges from 0.3 to –12.3% (7). Other studies have reported extreme variations in the prevalence of gallbladder polyps by nationality. The prevalence in Japan, Germany, India, and Korea was 5.6, 1.5, 0.32, and 2.94%, respectively. Gallbladder polyps were reported in 6.7% of Chinese participants, but recent studies have shown a higher prevalence (8). A survey showed that the prevalence of gallbladder stones and polyps in Liaoning was 2.30 and 6.31%, respectively. These incidences were significantly lower than those seen in other parts of China. But whether Liaoning Province has lower incidences remains to be verified. Findings from the current study showed an increasing yearly prevalence of gallbladder stones and polyps. This is likely because of higher detection rates that have resulted from increasing health awareness and a higher number of medical examinations. Changes in diet have also led to an increase in exposure to fatty elements that have affected cholesterol metabolism and promoted disease.

In this study, the prevalence of gallbladder stones was higher among females than males. Hormones such as estrogen and progesterone play an important role in high-risk diseases that are specific to women. Estrogen causes cholesterol supersaturation by increasing cholesterol secretion while progesterone inhibits gallbladder contraction and causes cholestasis (9, 10).

Metabolic syndrome is closely related to gallbladder disease, including gallstones (11). Metabolic syndrome includes metabolic disorders of proteins, fats, carbohydrates, and other substances, and is characterized by hypertension, hyperlipidemia, abdominal obesity, and insulin resistance (12). Logistic regression analysis found that fasting blood glucose is a risk factor for gallstones. A rise in fasting glucose occurs because of insulin resistance or a relative decrease in insulin secretion. Insulin resistance increases the secretion of cholesterol, reduces the synthesis of bile acid, and lowers the cholecystokinin response, slowing gallbladder movement and causing cholesterol to remain in the gallbladder, thereby increasing the risk of stones and polyp formation (13, 14). Increased blood sugar levels also inhibit gallbladder contraction and bile secretion, promoting the formation of stones (1).

In the current study, high BMI (overweight) increased the risk of gallbladder stones and polyps, which is consistent with findings from other studies (15, 16). There are several possible mechanisms by which high BMI increases the risk of gallbladder stones and polyps: (1) high BMI is associated with a larger gallbladder and increased cholesterol synthase activity that promotes bile cholesterol supersaturation and the formation of gallstones and polyps (17), (2) high BMI causes slower metabolism of lipids and endogenous hormones, reducing gallbladder movement and increase risk of gallbladder stones and polyps (18), and (3) high BMI can lead to insulin insensitivity and resistance, additional risk factors for gallstone formation (19).

Hypertension is one of the diagnostic criteria for metabolic syndrome. Results from this study showed that high systolic blood pressure was associated with an increased prevalence of gallbladder stones. While no clear mechanism has been defined, this association may be explained by the increase in insulin resistance observed in people with hypertension (20). However, the correlation between blood pressure and gallbladder polyps remains unclear. In a study conducted at Capital Medical University, an increase in diastolic blood pressure increased the prevalence of gallbladder polyps (21), another study found no link between them (22). Studies also show different results for the metabolic indicators of total cholesterol, triglycerides, LDL-C, and HDL-C (11, 23). Some have shown that triglycerides reduce the gallbladder’s contractile function, resulting in cholesterol accumulation and the formation of crystals (24). Elevated cholesterol has been shown to induce the expression of inflammatory factors, which may cause cholecystitis and induce gallstone formation (23). In the current study, logistic regression showed that only LDL-C and HDL-C were associated with gallbladder disease, with HDL-C serving as a protective factor. While low HDL-C causes insulin resistance, the high catabolism rate of HDL-C increases the rate of bile cholesterol secretion (24).

Fatty liver is the most prevalent liver disease in China. The risk factors of fatty liver are similar to those of gallbladder disease, including alcohol use, obesity, diabetes, and metabolic syndrome (25). The current study compared the prevalence of gallbladder stones and polyps in fatty liver and non-fatty liver groups in three cities of Liaoning Province to assess the relationship between fatty liver and gallbladder disease in this region. The prevalence of gallbladder stones and polyps was significantly higher in the fatty liver group than in the non-fatty liver group suggesting that fatty liver increases the prevalence of gallbladder stones and polyps. Similarly, gallbladder stones and polyps are risk factors of fatty liver diseases. Shen et al. conducted a meta-analysis of 12 studies in 5 major databases (26), and found that the incidence of gallstones in the non-alcoholic fatty liver group was 17% and the OR value was 1.4 (95% CI, 1.23–1.59) in the correlation analysis. Non-alcoholic fatty liver and cholelithiasis were significantly related. Liu et al. conducted a cohort study on the urban population of China (27). Results indicated that the prevalence of cholelithiasis in 4,713 patients with fatty liver and 6,487 patients with non-fatty liver were 6.1 and 3.2%, respectively. The RR value was 1.71 (95% CI, 1.245–2.341) in a related study. Lim et al. also showed a significant relationship between gallbladder polyps and fatty liver. But there are also reports with different findings (28). A meta-analysis of the risk factors for gallbladder polyps conducted by Yamin et al. indicated that the incidence was not related to the occurrence of fatty liver (29). Thus, this relationship requires further exploration. Possible mechanisms for the association between fatty liver and gallbladder polyps and stones include (1) poor normal lipid metabolism of fatty liver, and reduced ability of the liver to synthesize phospholipids, resulting in a relatively high ratio of cholesterol to phospholipids that leads to a large amount of cholesterol precipitated on the wall, leading to gallbladder stones or polyps (30), (2) poor synthetic secretion function of liver cells, resulting in a decrease in the secretion of bile acids and other substances that promote gallbladder movement, slowing the bile emptying rate and promoting the formation of stones and polyps, and (3) increased formation of fat due to poor lipid metabolism, resulting in insulin resistance (31).

In summary, the prevalence of gallbladder stones and polyps in Liaoning is related to sex, economic status of the city of residence, BMI, and metabolic indicators. Longitudinal studies will be required to determine the factors associated with disease development.
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sGS

sGP

GSP

Estimate Standard Error P-value Estimate Standard Error P-value Estimate Standard Error P-value
Age (years) 0.042 0.002 <0.001 0.018 0.001 <0.001 0.057 0.002 <0.001
BMI (kg/m2) 0.002 0.001 0.027 0.001 0.001 0.537 0.002 0.002 0.322
FBG (mmol/L) 0.094 0.016 <0.001 0.018 0.013 0.180 0.114 0.047 0.015
SBP (mmHg) 0.007 0.002 0.001 —0.002 0.002 0.254 0.008 0.007 0.280
DBP (mmHg) 0.003 0.003 0.365 0.005 0.002 0.028 0.001 0.011 0.939
TG (mmol/L) —0.008 0.020 0.700 —0.029 0.017 0.084 0.001 0.064 0.984
TC (mmol/L) 0.078 0.026 0.002 0.051 0.017 0.003 —0.041 0.090 0.648
LDL-C (mmol/L) 0.147 0.035 <0.001 0.075 0.024 0.002 0.410 0.121 0.001
HDL-C (mmol/L) —0.401 0.076 <0.001 —0.134 0.050 0.007 —0.780 0.271 0.004
ALT (U/L) —0.002 0.001 0.244 —0.004 0.001 0.332 —-0.012 0.007 0.085
AST (U/L) 0.002 0.002 0.486 0.001 0.002 0.553 —0.005 0.014 0.745
ALP (U/D) 0.002 0.001 0.072 0.001 0.001 0.314 —0.004 0.005 0.444
GGT (U/Y 0.001 0.001 0.105 0.000 0.001 0.314 0.002 0.002 0.531
BUN (mmol/L) 0.008 0.005 0.099 0.005 0.005 0.322 0.003 0.018 0.855
Scr (wmol/L) 0.000 0.001 0.940 0.003 0.001 0.002 0.002 0.005 0.619
SUA (umol/L) 0.001 0.000 0.057 —0.000 0.000 0.585 0.000 0.001 0.732

BMI, body mass index; FBG, fasting blood glucose; SBP, systolic blood pressure; DBR, diastolic blood pressure; HCT, hematocrit; MCV, mean corpusular volume; TG,
triglyceride; TC, serum total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ALR, alkaline phosphatase; GGT, gama-glutamyl transpeptadase; BUN, blood urea nitrogen SUA, serum uric acid; Scr, serum creatinine.
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SUA (umol/L)
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25.07 + 4.56
5.66 + 1.81
129.18 £ 24.66
76.19 + 15.80
1.57 £1.37
4.7 £1.30
218 +1.54
0.99 £ 0.68
28.85 + 28.54
22.01 £19.12
10.77 £ 26.52
30.34 + 57.64
4.64 +2.00
58.6 & 29.03
329.41 + 125.54

sGP

24.03 + 3.89
5.38 +1.33
122.67 £19.94
72.75 + 13.50
1.41+£1.19
4.54 +£1.24
2184+ 1.43
1.05 £ 0.66
26.59 + 22.88
20.65 + 11.23
7.44 +21.93
25.26 + 29.92
4.51+1.84
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326.69 + 121.71

GSP

25.64 + 4.37
5.80 +2.20
130.39 £+ 19.99
77.25 +13.50
1.66+1.14
4.64 +1.28
2.41+1.40
1.00 £ 0.60
26.79 + 16.70
20.18 + 8.01
6.28 & 21.00
28.59 + 28.23
4.58 +1.82
60.79 + 23.32
340.78 + 134.14

nGSP

23.78 £ 11.22
53+ 1.37
121.13 £ 20.09
71.56+13.20
1.34+1.24
4.35 £ 1.46
2.03 £1.44
1.02 +£0.69
26.68 + 24.87
20.13 + 13.29
6.338 &+ 22.07
23.17 £ 30.39
4.23 £2.67
56.44 + 25.91
311.41 + 138.64

P1 value

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.118
0.006
<0.001
<0.001
<0.001
<0.001
0.004
<0.001

P2 value

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.004
0.718
0.019
0.011
<0.001
<0.001
<0.001
<0.001

P3 value

<0.001
0.015
<0.001
<0.001
0.003
0.018
0.004
0.789
0.966
0.965
0.870
0.027
0.055
0.046
0.023

P value, comparision between sGS group and nGSP group; P? value, comparision between sGP group and nGSP group; P® value, comparision between GSP group
and nGSP group; BMI, body mass index; FBG, fasting blood glucose; SBR, systolic blood pressure; DBF, diastolic blood pressure; HCT, hematocrit; MCV, mean
corpusular volume; TG, triglyceride; TC, serum total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALR, alkaline phosphatase; GGT, gama-glutamyl! transpeptadase; BUN, blood urea nitrogen SUA, serum uric acid;

Scr, serum creatinine.
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Gallbladder stones

Gallbladder polyps

Male Female P-value Male Female P-value
Age 18-29 1568/32736(0.48%) 137/21795(0.63%) 0.023 1154/32736(3.53%) 584/21795(2.68%) <0.001
30-39 766/55990(1.37%) 746/45617(1.64%) <0.001 4294/55990(7.67 %) 2255/45617(4.94%) <0.001
40-49 742/29223(2.54%) 659/26364(2.50%) 0.767 2748/29223(9.40%) 1914/26364(7.26%) <0.001
50-59 853/21168(4.03%) 646/19213(3.36%) <0.001 2198/21168(10.38%) 1390/19213(7.23%) <0.001
60-69 595/11793(5.05%) 564/11973(4.71%) 0.213 1004/11793(8.51%) 837/11973(6.99%) <0.001
70~ 345/4340(7.95%) 326/3917(8.32%) 0.535 268/4340(6.18%) 227/3917(5.80%) 0.468
City Shenyang 1197/67666(1.77%) 1080/52171(2.07%) <0.001 4585/67666(6.78%) 2827/52171(5.42%) <0.001
Dandong 979/24490(4.00%) 829/24812(3.34%) <0.001 2048/24490(8.36%) 1477/24812(5.95%) <0.001
Dalian 1283/63094(2.03%) 1169/51896(2.25%) 0.010 5033/63094(7.98%) 2903/51896(5.59%) <0.001
Year 2016 201/13193(1.52%) 175/10442(1.68%) 0.352 752/13193(5.70%) 403/10442(3.86%) <0.001
2017 438/23020(1.90%) 438/20683(2.12%) 0.109 1283/23020(5.57 %) 926/20683(4.48%) <0.001
2018 681/29479(2.31%) 604/25105(2.41%) 0.462 2025/29479(6.87 %) 1192/25105(4.75%) <0.001
2019 802/34021(2.36%) 786/32394(2.43%) 0.561 2728/34021(8.02%) 1936/32394(5.98%) <0.001
2020 1337/55537(2.41%) 1075/40255(2.67 %) 0.010 4878/55537(8.78%) 2750/40255(6.83%) <0.001

Data were expressed as [number of patients/number of participants (prevalence)].
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