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Hepatitis C Virus Infection Increases 
Risk of Gallstone Disease in Elderly 
Chinese Patients with Chronic Liver 
Disease
Xu Li & Pujun Gao  

We investigated possible links between the etiology of liver disease and gallstone risk in Chinese 
patients with chronic liver disease (CLD). We compared the outcomes of 267 Chinese CLD patients with 
gallstones and those of a control group of 1,015 CLD patients without gallstones. Logistic regression 
analyses adjusting for demographic features and other gallstone risk factors revealed that liver cirrhosis 
increased the risk of gallstone development twofold [adjusted odds ratio (AOR); 95% confidence 
interval (95% CI): 2.343 (1.710–3.211)]. HCV infection increased gallstone risk 1–2-fold [AOR; 95% CI: 
1.582 (1.066–2.347)] higher than did HBV infection. Multivariate analyses of the risk of developing 
gallstones in patients with liver cirrhosis after an HCV or HBV infection yielded an estimated AOR 
(95% CI) of 1.601 (1.063–2.413) in patients with an HCV infection. In elderly patients with CLD (≥60 
years of age), gallstone risk also increased significantly after an HCV infection [AOR (95% CI): 2.394 
(1.066–5.375)]. HCV infection, older age, and liver cirrhosis significantly correlate with an increased risk 
of gallstone development in Chinese patients with CLD. HCV infection further increases this risk in both 
patients with liver cirrhosis and in elderly CLD patients (≥60 years of age).

Gallstone disease (GD) is a common and costly digestive disorder1–3 that has been diagnosed in 10–20% of adults 
in the developed world. The main risk factors for gallstone formation are gender (females have a higher risk), 
advanced age, obesity, alcohol use, diabetes, and hypertriglyceridemia4,5. In China, the number of individuals 
with chronic liver disease (CLD) is significant; its major known causes include infection with hepatitis B virus 
(HBV) or hepatitis C virus (HCV) and excessive alcohol consumption.

Determining the potential relationship between the development of gallstones and the etiology of CLD is 
of great interest, as previous research has suggested that HCV infection is a relevant risk factor for gallstone 
formation6. Recent studies have found that gallstones may occur more frequently in patients infected with HCV 
than in either patients infected with HBV or alcoholics7–10. In Italy, a multicenter survey demonstrated that GD 
prevalence among patients with liver cirrhosis was associated with HCV infection but not with excessive alcohol 
consumption11. However, few studies have been conducted on the relationship between the etiologies of CLD and 
GD in elderly adults6.

Thus, the current study was undertaken to specifically analyze the risk factors for the development of gall-
stones in Chinese CLD patients, as well as the possible relationships between HCV infection and gallstone forma-
tion in subsets of CLD patients, such as those with liver cirrhosis and the elderly.

Results
Demographic and clinical characteristics of study participants. Baseline demographic and clinical 
characteristics of the study participants (N = 1282) are presented in Table 1. The case group was composed of 
267 CLD patients with gallstones, including 114 male and 153 female patients with a median age of 61.00 years. 
In addition, 186 patients (69.7%) had cirrhosis, 220 patients (82.4%) had chronic HCV (CHC), and 44 patients 
(16.5%) had diabetes. The control group consisted of 1,015 CLD patients without gallstones. The median age of 
the control group was 56.00 years, and approximately one-half (43.6%) were male. Within this group, 525 patients 
(51.7%) had cirrhosis, 794 patients (78.2%) had CHC, and 151 patients (14.9%) had diabetes.
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We observed no significant differences in clinical characteristics, including levels of aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT), between the two groups. In the case group, total bilirubin 
(TBIL) levels were significantly higher than in the control group. However, in the case group, albumin (ALB) 
levels were significantly lower than in the control group.

Univariate and multivariate analyses of variables associated with gallstones in CLD patients.  
Results of the univariate analysis suggested that the distributions of age and liver cirrhosis significantly differed 
between the case and control groups. Gender, age, levels of TBIL, diabetes, liver cirrhosis, and liver disease eti-
ology were thus considered for multivariable analysis. The adjusted odds ratio (AOR) for patients with liver cir-
rhosis was 2.343 [95% confidence interval (CI): 1.710–3.211; P < 0.001] compared to patients without cirrhosis 
(Table 2). The AOR for patients with HCV-related CLD was 1.582 (95% CI: 1.066–2.347; P = 0.023) compared 
to patients with HBV-related CLD. In addition, the AOR for older patients (≥60 years of age) was 1.848 (95% 
CI: 1.378–2.477; P < 0.001) compared to younger patients (<60 years of age). However, we found no significant 
association between TBIL levels and gallstone formation.

Variable No gallstones n = 1015 Gallstones n = 267 P

Male, n (%) 443 (43.6) 114 (42.7) 0.781

Age (years) 56.00 (49.00,63.00) 61.00 (54.00,68.00) <0.001

AST (IU/L) 55.00 (33.70,91.00) 56.00 (38.20, 99.00) 0.077

ALT (IU/L) 51.00 (29.00,97.93) 48.50 (27.90,98.00) 0.335

TBIL (µmol/L) 20.70 (13.50,34.60) 22.40 (15.80,44.80) 0.004

ALB (g/L) 35.80 (30.40,39.60) 33.20 (28.50,38.00) <0.001

Diabetes, n (%) 151 (14.9) 44 (16.5) 0.516

Liver disease etiology 0.136

    HBV, n (%) 221 (21.8) 47 (17.6)

    HCV, n (%) 794 (78.2) 220 (82.4)

Liver cirrhosis, n (%) 525 (51.7) 186 (69.7) <0.001

Table 1. Demographic and clinical characteristics of study participants. Continuous variables are expressed as 
the median (25th and 75th percentiles). Categorical variables are displayed as numbers and percentages. AST: 
aspartate aminotransferase, ALT: alanine aminotransferase, TBIL: total bilirubin, ALB: albumin, HBV: hepatitis 
B virus, HCV: hepatitis C virus.

Variable Non-gallstones n = 1015 Gallstones n = 267 P# AOR (95% CI)* P**

Gender 0.781 — —

   Female, n (%) 572 (56.4) 153 (57.3)

   Male, n (%) 443 (43.6) 114 (42.7)

Age <0.001 1.848 (1.378–2.477) <0.001

   <60 years, n (%) 658 (64.8) 122 (45.7)

   ≥60 years, n (%) 357 (35.2) 145 (54.3)

TBIL 0.103 — —

   <30 µmol/L, n (%) 703 (69.3) 171 (64.0)

   ≥30 µmol/L, n (%) 312 (30.7) 96 (36.0)

Diabetes 0.516 — —

   No, n (%) 864 (85.1) 223 (83.5)

   Yes, n (%) 151 (14.9) 44 (16.5)

Liver disease etiology 0.136 1.582 (1.066–2.347) 0.023

   HBV, n (%) 221 (21.8) 47 (17.6)

   HCV, n (%) 794 (78.2) 220 (82.4)

Liver cirrhosis <0.001 2.343 (1.710–3.211) <0.001

   No, n (%) 490 (48.3) 81 (30.3)

   Yes, n (%) 525 (51.7) 186 (69.7)

Table 2. Univariate and multivariate analyses of variables associated with gallstones in CLD patients. AOR: 
adjusted odds ration; CI: confidence interval. #P value for univariate analysis. *Adjusted for gender, age, TBIL 
level, diabetes, etiology, and liver cirrhosis. **P value for multivariate analysis. TBIL: total bilirubin, HBV: 
hepatitis B virus, HCV: hepatitis C virus.
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Liver cirrhosis, age, and gallstone development. Because liver cirrhosis is believed to be a major risk 
factor for gallstone development in CLD patients, we evaluated the association of risk factors and gallstone for-
mation in 711 patients with cirrhosis (Table 3).

Results of the univariate analysis suggested that the distributions of etiology and age significantly differed 
between patients with and without gallstones. Gender, age, TBIL levels, diabetes, severity of cirrhosis, and etiol-
ogy were included in the multivariable analysis. The AOR for patients with HCV-related CLD was 1.601 (95% CI: 
1.063–2.413; P = 0.024) compared to patients with HBV-related CLD. In addition, the AOR for older patients was 
1.712 (95% CI: 1.181–2.481; P = 0.005) compared to younger patients. However, we found no significant associ-
ation between the severity of cirrhosis and gallstone formation between patients with cirrhosis, regardless of age.

We further analyzed the relationship between gallstone risk and gender, TBIL levels, diabetes, etiology, and 
liver cirrhosis in CLD patients of different ages (Table 4). In elderly CLD patients, the AOR for patients with 
HCV-related CLD was 2.394 (95% CI: 1.066–5.375; P = 0.034) compared to patients with HBV-related CLD. The 
AOR for patients with liver cirrhosis was 2.193 (95% CI: 1.430–3.362; P < 0.001) compared to patients without 
liver cirrhosis. In younger patients with CLD, the AOR for patients with liver cirrhosis was 2.062 (95% CI: 1.374–
3.093; P < 0.001) compared to patients without cirrhosis. However, we did not find any significant association 
between liver disease etiology and gallstone formation in CLD patients younger than 60 years of age.

Discussion
In the present study, patients with CHC infection had a higher prevalence of GD than did chronic HBV 
(CHB)-infected patients. This finding is in agreement with that of previous studies11,12. Stroffolini et al.11 assessed 
GD prevalence among patients with liver disease and the association between GD and the severity and etiology 
of hepatic injury; they found that subjects with HCV-related cirrhosis (OR 2.13, 95% CI: 1.38–3.26) had a higher 
risk of GD than subjects with HBV-related cirrhosis. Wijarnpreecha et al.12 conducted a meta-analysis to assess 
the risk of gallstone development in HCV-infected patients; these authors found that such patients had a signifi-
cantly increased risk of developing gallstones compared to those without an HCV infection.

Several mechanisms could explain the greater risk of GD in HCV-infected patients8. First, both gallblad-
der dysfunction and altered bile composition affect gallstone formation in CHC patients. Chronic hemolysis 
secondary to hypersplenism, hyperestrogenism, changes in biliary lipid proportions, low hepatic synthesis and 
transport of bile salts, and unconjugated bilirubin all contribute to gallstone development in CLD patients. Some 
studies also found that a viral infection of the gallbladder may increase gallstone formation by altering gallbladder 
mucosal function or dysmotility13–15; further investigations are needed to address this hypothesis.

Second, direct HCV infection of the gallbladder may play an important role in gallstone development. Damage 
to the bile duct is a histological characteristic of chronic HCV infection, which has been found to be a risk factor 
for intrahepatic cholangiocarcinoma16. The HCV core protein could also promote the malignant transforma-
tion of human biliary epithelial cells17. Loriot et al.18 found that the concentration of HCV RNA was the same 
in serum, bile, and cultures of gallbladder epithelial cells, and levels of HCV particles isolated from gallbladder 

Variables No gallstones n = 525 Gallstones n = 186 P# AOR (95% CI)* P**

Gender 0.803 — —

    Female, n (%) 330 (62.9) 115 (61.8)

    Male, n (%) 195 (37.1) 71 (38.2)

Age <0.001 1.712 (1.181–2.481) 0.005

 <60, n (%) 322 (61.3) 81 (43.5)

 ≥60, n (%) 203 (38.7) 105 (56.5)

TBIL 0.680 — —

 <30, n (%) 290 (55.2) 106 (57.0)

 ≥30, n (%) 235 (44.8) 80 (43.0)

Diabetes 0.324 — —

    No, n (%) 440 (83.8) 150 (80.6)

    Yes, n (%) 85 (16.2) 36 (19.4)

Liver disease etiology <0.001 1.601 (1.063–2.413) 0.024

    HBV, n (%) 213 (40.6) 47 (25.3)

    HCV, n (%) 312 (59.4) 139 (74.7)

Child class 0.509 — —

    A, n (%) 200 (38.1) 62 (33.3)

    B, n (%) 222 (42.3) 84 (45.2)

    C, n (%) 103 (19.6) 40 (21.5)

Table 3. Association of gallstone development with cirrhosis of different viral etiologies. Continuous variables 
are expressed as the median (25th and 75th percentiles). #P value for univariate analysis. *Adjusted for gender, 
age, TBIL level, diabetes, etiology, and Child class. **P value for multivariate analysis. TBIL: total bilirubin, HBV: 
hepatitis B virus, HCV: hepatitis C virus.
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epithelial cells support this statement. HCV RNA and antigens have been detected in gallbladder autopsy speci-
mens from HCV-infected patients19.

Third, insulin resistance has been shown to increase in both cholesterol GD20–22 and CHC infection in patients 
with visceral obesity, regardless of the genotype of HCV or severity of liver damage23–25. Increases in insulin resist-
ance may provide a link between CHC infection and GD, perhaps via increases in the number of bile-saturated 
cholesterol molecules8. In addition, the association between the HCV nonstructural protein NS5A and both lipid 
droplets and apoA1 suggests that both NS5A and the core protein may play roles in the pathogenesis of aberrant 
lipid metabolism and contribute to liver steatosis, both commonly observed in patients with HCV infection26. 
The association between fatty liver disease and increased gallstone development has been linked to obesity and 
increased insulin resistance27–30.

Certain studies have analyzed the relationship between hepatitis viruses and GD in the elderly. Lee et al.6 
conducted a study of the association between hepatitis and GD in elderly adults and found that both HBV and 
HCV were associated with GD in this population. In our study, we found that HCV infection led to a 2–3-fold 
greater number of gallstones than did HBV infection in elderly patients with CLD. However, there were no signif-
icant differences in GD occurrence in CLD patients younger than 60 years of age. As mentioned above, chronic 
liver inflammation, HCV infection of gallbladder epithelial cells31, and certain metabolic factors are known to be 
involved in GD development in CHC patients. Prior studies have also suggested that HBV is capable of increasing 
GD frequency via the infection of gallbladder epithelial cells32 and chronic liver inflammation. Our results suggest 
that it is possible that metabolic factors, including altered lipid and glucose metabolism, might strongly induce 
gallstone formation in elderly patients.

We also discovered that patients with liver cirrhosis have a twofold higher number of gallstones than patients 
without cirrhosis, which is in line with results from previous studies11,33–36. This finding could be explained by 
changes in bile composition and impaired gallbladder motility in patients with cirrhosis15,37,38. However, we did 
not find any correlation between the extent of gallstone formation and the severity of cirrhosis. One reason for 
this finding might be due to the inconsistent causes of liver cirrhosis in our study. An inconsistent etiology could 
influence the extent of liver cirrhosis, changes in bile composition, or impairments in gallbladder motility6, which 
may lead to GD. Moreover, we did not find a positive correlation between TBIL levels and gallstone formation. 
Correlations between TBIL levels and GD remain controversial and needed to be further discussed combined 
with gallstone type7,39.

Our study has several limitations. It had a retrospective design with little detail of HCV RNA and HBV DNA 
levels, or of other investigations of the associations between disease etiology, HCV RNA, HBV DNA, and GD 
development. The case and control patients were specifically selected from those seeking medical care at our hos-
pital, which permitted us to obtain sufficient patient samples. Our study did not examine GD type; thus, we could 
not discuss risk factors for different types of GD.

Because this study was retrospective, we could not acquire any information about blood lipids or other dis-
eases such as hemolytic anemia, which affect the formation of GD. Additionally, we could not analyze the rela-
tionship between such diseases and GD development in CLD patients. Furthermore, despite including patients 
with a greater than 3-year history of CLD, we were unable to discern the causal relationship between HCV and 
the development of GD. Aprospective study with a larger sample size is needed to further analyze this causality.

In conclusion, we found that the risk of gallstone development in Chinese CLD patients was significantly 
associated with the occurrence of liver cirrhosis, older age, and HCV infection. Furthermore, patients infected 
with HCV formed more gallstones than did patients infected with HBV.

Patients and Methods
Patients. We conducted a retrospective, case-control study of patients from The First Hospital of Jilin 
University in China between January 2015 and November 2017. All methods were carried out in accordance with 
the approved guidelines.Patients with CHC and CHB infections were recruited for the study. A diagnosis of CHC 
infection was made if the patient had detectable levels of anti-HCV antibodies and serum HCV RNA for at least 
6 months. Patients with CHB diagnosed by persistent or intermittent elevations in alanine transaminase level 
(≥twice the normal upper limit) and elevated levels of HBV DNA were observed for at least 6 months.

Potential participants were excluded if any of the following criteria were present: (i) co-infection with human 
immunodeficiency virus; (ii) history or evidence of a form of hepatitis other than that caused by HCV or HBV 

Variable

Age ≥ 60 years Age < 60 years

AOR (95%CI) **P AOR (95% CI) **P

Liver cirrhosis <0.001 <0.001

    No, n (%) 1 1

    Yes, n (%) 2.193 (1.430–3.362) 2.062 (1.374–3.093)

Liver disease etiology 0.034 —

    HBV, n (%) 1

    HCV, n (%) 2.394 (1.066–5.375)

Table 4. Association of gallstone development and viral etiology in CLD patients of different ages. *Adjusted 
for gender, TBIL, diabetes, etiology, and liver cirrhosis. **P value for multivariate analysis. CLD: chronic liver 
disease, HBV: hepatitis B virus, HCV: hepatitis C virus.
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infection; or (iii) the presence of another liver disease, such as alcoholic liver disease; (iv) history of CLD less or 
equal than 3 years.

The Independent Institutional Review Board of The First Hospital of Jilin University approved the recruit-
ment of human participants and our study protocol. Each participant provided written informed consent prior 
to enrollment in the study.

Diagnosis of liver cirrhosis and GD. We confirmed each patient’s diagnosis of liver cirrhosis with either 
a liver biopsy or a combination of clinical, biochemical, and radiological findings. GD diagnosis was dependent 
on either the ultrasonographic detection of an echogenic structure within the gallbladder lumen that caused a 
posterior acoustic shadow40 or cholecystectomy findings.

Diagnosis of diabetes. A diagnosis of diabetes was made in patients with either a known history of diabetes 
treated with an anti-diabetic therapy or at least one of the following criteria: (1) fasting glucose level greater than 
or equal to 7.0 mmol/L, (2) random glucose level greater than or equal to 11.1 mmol/L, and (3) 2-h postprandial 
plasma glucose level greater than or equal to 11.1 mmol/L41.

Study variables. Demographic and clinical presentation variables in this study included gender, age, liver 
disease etiology, presence of diabetes, and cirrhosis. We also analyzed biochemical parameters, such as ALT, AST, 
TBIL, and ALB. In addition, the Child-Pugh score was calculated in patients with liver cirrhosis for the classifica-
tion of cirrhosis severity. Abdominal ultrasound was also performed in cirrhosis patients to determine the extent 
of ascites and confirm the presence of cirrhosis.

Statistical analysis. Continuous variable values are presented as the median (25th and 75th percentiles), 
whereas categorical variables are displayed as numbers and percentages; two-tailed, independent sample t 
tests and Chi-square analyses were employed to investigate continuous and categorical variables, respectively. 
Multivariate logistic regression analysis was used to adjust for possible confounding effects among the variables. 
We also calculated AORs and 95% CIs for these comparisons. We used SPSS software, version 13.0 (SPSS Inc., 
Chicago, IL, USA) for data analysis, and a P value less than 0.05 was considered statistically significant.

References
 1. Barker, D. J., Gardner, M. J., Power, C. & Hutt, M. S. Prevalence of gall stones at necropsy in nine British towns: a collaborative study. 

Br Med J. 2, 1389–1392 (1979).
 2. Godrey, P. J., Bates, T., Harrison, M., King, M. B. & Padley, N. R. Gall stones and mortality: a study of all gall stone related deaths in 

a single health district. Gut 25, 1029–1033 (1984).
 3. Gibney, E. J. Asymptomatic gallstones. Br J Surg 77, 368–372 (1990).
 4. Shaffer, E. A. Gallstone disease: Epidemiology of gallbladder stone disease. Best practice & research. Clinical gastroenterology 20, 

981–996, https://doi.org/10.1016/j.bpg.2006.05.004 (2006).
 5. Conte, D., Fraquelli, M., Giunta, M. & Conti, C. B. Gallstones and liver disease: an overview. J Gastrointestin Liver Dis. 20, 9–11 

(2011).
 6. Lee, Y. C. et al. Hepatitis B and hepatitis C associated with risk of gallstone disease in elderly adults. Journal of the American 

Geriatrics Society. 62, 1600–1602, https://doi.org/10.1111/jgs.12964 (2014).
 7. Zhang, F. M. et al. Hepatitis C Virus Infection Is Positively Associated with Gallstones in Liver Cirrhosis. Digestion. 93, 221–228, 

https://doi.org/10.1159/000444252 (2016).
 8. Acalovschi, M., Buzas, C., Radu, C. & Grigorescu, M. Hepatitis C virus infection is a risk factor for gallstone disease: a prospective hospital-

based study of patients with chronic viral C hepatitis. J Viral Hepat. 16, 860–866, https://doi.org/10.1111/j.1365-2893.2009.01141.x (2009).
 9. Lai, S. W. & Ng, K. C. Risk factors for gallstone disease in a hospital-based study. South Med J. 95, 1419–1423 (2002).
 10. Lu, S. N. et al. Risk factors for gallstones among Chinese in Taiwan. A community sonographic survey. Journal of clinical 

gastroenterology. 12, 542–546 (1990).
 11. Stroffolini, T., Sagnelli, E., Mele, A., Cottone, C. & Almasio, P. L. HCV infection is a risk factor for gallstone disease in liver cirrhosis: 

an Italian epidemiological survey. J Viral Hepat. 14, 618–623, https://doi.org/10.1111/j.1365-2893.2007.00845.x (2007).
 12. Wijarnpreecha, K., Thongprayoon, C., Panjawatanan, P., Lekuthai, N. & Ungprasert, P. Hepatitis C virus infection and risk of 

gallstones: A meta-analysis. Journal of evidence-based medicine. 10, 263–270, https://doi.org/10.1111/jebm.12277 (2017).
 13. Li, C. P. et al. Evaluation of gallbladder motility in patients with liver cirrhosis: relationship to gallstone formation. Digestive diseases 

and sciences. 45, 1109–1114 (2000).
 14. Kao, C. H., Hsieh, J. F., Tsai, S. C., Ho, Y. J. & Chen, S. D. Evidence of impaired gallbladder function in patients with liver cirrhosis by 

quantitative radionuclide cholescintigraphy. The American journal of gastroenterology. 95, 1301–1304, https://doi.org/10.1111/j. 
1572-0241.2000.02029.x (2000).

 15. Buzas, C., Chira, O., Mocan, T. & Acalovschi, M. Comparative study of gallbladder motility in patients with chronic HCV hepatitis 
and with HCV cirrhosis. Romanian journal of internal medicine = Revue roumaine de medecine interne. 49, 37–44 (2011).

 16. Welzel, T. M. et al. Risk factors for intrahepatic and extrahepatic cholangiocarcinoma in the United States: a population-based case-
control study. Clinical gastroenterology and hepatology: the official clinical practice journal of the American Gastroenterological 
Association. 5, 1221–1228, https://doi.org/10.1016/j.cgh.2007.05.020 (2007).

 17. Chen, R. F. et al. Malignant transformation of the cultured human normal biliary tract epithelial cells induced by hepatitis C virus 
core protein. Oncology reports. 17, 105–110 (2007).

 18. Loriot, M. A. et al. Permissiveness of human biliary epithelial cells to infection by hepatitis C virus. Hepatology (Baltimore, Md.) 29, 
1587–1595, https://doi.org/10.1002/hep.510290527 (1999).

 19. Yan, F. M. et al. Hepatitis C virus may infect extrahepatic tissues in patients with hepatitis C. World journal of gastroenterology. 6, 
805–811 (2000).

 20. Nervi, F. et al. Gallbladder disease is associated with insulin resistance in a high risk Hispanic population. Journal of hepatology 45, 
299–305, https://doi.org/10.1016/j.jhep.2006.01.026 (2006).

 21. Jiang, Z. Y. et al. Increased expression of LXR alpha, ABCG5, ABCG8, and SR-BI in the liver from normolipidemic, nonobese 
Chinese gallstone patients. Journal of lipidresearch 49, 464–472, https://doi.org/10.1194/jlr.M700295-JLR200 (2008).

 22. Chang, S. C. et al. Polymorphism of genes related to insulin sensitivity and the risk of biliary tract cancer and biliary stone: a 
population-based case-control study in Shanghai, China. Carcinogenesis 29, 944–948, https://doi.org/10.1093/carcin/bgn025 (2008).

http://dx.doi.org/10.1016/j.bpg.2006.05.004
http://dx.doi.org/10.1111/jgs.12964
http://dx.doi.org/10.1159/000444252
http://dx.doi.org/10.1111/j.1365-2893.2009.01141.x
http://dx.doi.org/10.1111/j.1365-2893.2007.00845.x
http://dx.doi.org/10.1111/jebm.12277
http://dx.doi.org/10.1111/j.1572-0241.2000.02029.x
http://dx.doi.org/10.1111/j.1572-0241.2000.02029.x
http://dx.doi.org/10.1016/j.cgh.2007.05.020
http://dx.doi.org/10.1002/hep.510290527
http://dx.doi.org/10.1016/j.jhep.2006.01.026
http://dx.doi.org/10.1194/jlr.M700295-JLR200
http://dx.doi.org/10.1093/carcin/bgn025


www.nature.com/scientificreports/

6Scientific REPORtS |  (2018) 8:4636  | DOI:10.1038/s41598-018-22896-4

 23. Cua, I. H., Hui, J. M., Kench, J. G. & George, J. Genotype-specific interactions of insulin resistance, steatosis, and fibrosis in chronic 
hepatitis C. Hepatology (Baltimore, Md.) 48, 723–731, https://doi.org/10.1002/hep.22392 (2008).

 24. Moucari, R. et al. Insulin resistance in chronic hepatitis C: association with genotypes 1 and 4, serum HCV RNA level, and liver 
fibrosis. Gastroenterology 134, 416–423, https://doi.org/10.1053/j.gastro.2007.11.010 (2008).

 25. Eguchi, Y. et al. Hepatitis C virus infection enhances insulin resistance induced by visceral fat accumulation. Liver international: 
official journal of the International Association for the Study of the Liver 29, 213–220, https://doi.org/10.1111/j.1478-3231.2008.01853.x 
(2009).

 26. Shi, S. T. et al. Hepatitis C virus NS5A colocalizes with the core protein on lipid droplets and interacts with apolipoproteins. Virology 
292, 198–210, https://doi.org/10.1006/viro.2001.1225 (2002).

 27. Mendez-Sanchez, N. et al. Metabolic syndrome as a risk factor for gallstone disease. World journal of gastroenterology 11, 1653–1657 
(2005).

 28. Chen, C. H. et al. Prevalence and risk factors of gallstone disease in an adult population of Taiwan: an epidemiological survey. 
Journal of gastroenterology and hepatology 21, 1737–1743, https://doi.org/10.1111/j.1440-1746.2006.04381.x (2006).

 29. Fraenkel, E., Takacs, R., Hamvas, J., Lengyel, G. & Feher, J. [Common occurrence of non-alcoholic fatty liver disease and 
cholecystolithiasis]. Orvosi hetilap 148, 793–798, https://doi.org/10.1556/oh.2007.28049 (2007).

 30. Roesch-Dietlen, F. et al. [Frequency and clinical, biochemical and histological characteristics of nonalcoholic fatty liver disease in 
patients with gallstone disease]. Cirugia y cirujanos 76, 37–42 (2008).

 31. Chang, T. S. et al. Hepatitis C virus infection facilitates gallstone formation. Journal of gastroenterology and hepatology 20, 
1416–1421, https://doi.org/10.1111/j.1440-1746.2005.03915.x (2005).

 32. Sulaberidze, G. T., Rachvelishvili, N. B., Zhamutashvili, M. T. & Barbakadze, G. G. [HBV as one of the causes for development of 
cholelithiasis]. Georgian medical news, 56–60 (2009).

 33. Bouchier, I. A. Postmortem study of the frequency of gallstones in patients with cirrhosis of the liver. Gut 10, 705–710 (1969).
 34. Nicholas, P., Rinaudo, P. A. & Conn, H. O. Increased incidence of cholelithiasis in Laennec’s cirrhosis. A postmortem evaluation of 

pathogenesis. Gastroenterology 63, 112–121 (1972).
 35. Park, J. H., Kim, T. N. & Lee, S. H. The prevalence and risk factors of gallstones in Korean patients with liver cirrhosis. Hepato-

gastroenterology 60, 461–465, https://doi.org/10.5754/hge11950 (2013).
 36. Acalovschi, M. Gallstones in patients with liver cirrhosis: incidence, etiology, clinical and therapeutical aspects. World journal of 

gastroenterology 20, 7277–7285, https://doi.org/10.3748/wjg.v20.i23.7277 (2014).
 37. Fried, G. M. et al. Comparison of cholecystokinin release and gallbladder emptying in men and in women at estrogen and 

progesterone phases of the menstrual cycle. Surgery 95, 284–289 (1984).
 38. Fornari, F. et al. Cirrhosis of the liver. A risk factor for development of cholelithiasis in males. Digestive diseases and sciences 35, 

1403–1408 (1990).
 39. Chen, Y. C., Chiou, C., Lin, M. N. & Lin, C. L. The prevalence and risk factors for gallstone disease in taiwanese vegetarians. PloSone 

9, e115145, https://doi.org/10.1371/journal.pone.0115145 (2014).
 40. Cooperberg, P. L. & Burhenne, H. J. Real-time ultrasonography. Diagnostic technique of choice in calculous gallbladder disease. The 

New England journal of medicine 302, 1277–1279, https://doi.org/10.1056/nejm198006053022303 (1980).
 41. Alberti, K. G. & Zimmet, P. Z. Definition, diagnosis and classification of diabetes mellitus and its complications. Part 1: diagnosis 

and classification of diabetes mellitus provisional report of a WHO consultation. Diabetic medicine: a journal of the British Diabetic 
Association 15, 539–553, https://doi.org/10.1002/(sici)1096-9136(199807)15:7<539::aid-dia668>3.0.co;2-s (1998).

Author Contributions
Xu Li: Acquisition of data and administrative, technical, and material support, statistical analysis, drafting of the 
manuscript. Pujun Gao: Study concept and design, study supervision and critical revision of the manuscript for 
important intellectual content.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://dx.doi.org/10.1002/hep.22392
http://dx.doi.org/10.1053/j.gastro.2007.11.010
http://dx.doi.org/10.1111/j.1478-3231.2008.01853.x
http://dx.doi.org/10.1006/viro.2001.1225
http://dx.doi.org/10.1111/j.1440-1746.2006.04381.x
http://dx.doi.org/10.1556/oh.2007.28049
http://dx.doi.org/10.1111/j.1440-1746.2005.03915.x
http://dx.doi.org/10.5754/hge11950
http://dx.doi.org/10.3748/wjg.v20.i23.7277
http://dx.doi.org/10.1371/journal.pone.0115145
http://dx.doi.org/10.1056/nejm198006053022303
http://creativecommons.org/licenses/by/4.0/

	Hepatitis C Virus Infection Increases Risk of Gallstone Disease in Elderly Chinese Patients with Chronic Liver Disease
	Results
	Demographic and clinical characteristics of study participants. 
	Univariate and multivariate analyses of variables associated with gallstones in CLD patients. 
	Liver cirrhosis, age, and gallstone development. 

	Discussion
	Patients and Methods
	Patients. 
	Diagnosis of liver cirrhosis and GD. 
	Diagnosis of diabetes. 
	Study variables. 
	Statistical analysis. 

	Table 1 Demographic and clinical characteristics of study participants.
	Table 2 Univariate and multivariate analyses of variables associated with gallstones in CLD patients.
	Table 3 Association of gallstone development with cirrhosis of different viral etiologies.
	Table 4 Association of gallstone development and viral etiology in CLD patients of different ages.




