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Abstract. Increasing evidence connects gallstone disease 
(GD) to cardio-cerebrovascular disease (CVD). The aim of the 
present systematic review and meta-analysis was to determine 
whether and to what extent an association between GD and 
CVD existed. PubMed, EMBASE and the Cochrane Library 
were systemically searched up to March 3rd, 2018. A total of  
10 studies (1,272,177 participants; 13,833 records; 5 prospective 
cohorts and 5 retrospective cohorts) were included. It was 
demonstrated that GD was associated with an increased risk 
of incidence [hazard ratio=1.24, 95% (CI) confidence interval: 
1.17-1.31] and prevalence (unadjusted odds ratio=1.23,  
95% CI: 1.21-1.25) of CVD. In conclusion, the presence of 
GD was associated with an increased risk of CVD incidence 
and prevalence. The association may be influenced by age and 
sex. These findings suggest that individuals identified with 
cardio-cerebrovascular disease should be evaluated for GD.

Introduction

Gallstone disease (GD) is the most common disease of the 
biliary system and the majority of cases are asymptomatic (1). 
The prevalence of GD has grown with the increasing occur-
rence of unhealthy lifestyles and the obesity epidemic (2). 
Patients with gallstones are characterized by distorted bile 
acid secretion, which is associated with an increased risk of 
cardiovascular disease (CVD). Several genetic, metabolic and 
environmental factors for GD and CVD development have 
been identified. Environmental CVD risk factors include a 
sedentary lifestyle, a high-fat diet and cigarette smoking, 
which in turn have all been associated with GD (3,4). Certain 
lipid metabolizing genes have been identified as susceptibility 

genes for GD and CVD in genome-wide association studies 
or meta-analyses (5,6). Recently, numerous cohort studies 
have reported an association between GD and CVD (7-9), 
while others have revealed no association (7). Therefore, a 
meta-analysis was performed in the present study to better 
explore the possible associations between CVD and GD.

Materials and methods

Data search. Published studies indexed in EMBASE 
(http://www.embase.com/), PubMed (http://www.ncbi.nlm.
nih.gov/pubmed/) and the Cochrane Library (http://www. 
thecochranelibrary.com/) were systematically searched from 
their dates of inception to March 3rd, 2018. Search terms 
included ‘carotid’ OR ‘artery disease’ OR ‘carotid athero-
sclerosis’ OR ‘carotid plaques’ OR ‘carotid intimal thickness’ 
OR ‘carotid artery’ OR ‘atherosclerosis’ OR ‘cardiovascular 
disease’ OR ‘cerebrovascular disease’ AND ‘gallstone 
diseases’ OR ‘cholelithiasis’ OR ‘cholecystolithiasis’ OR 
‘stone’ OR ‘cholecystectomy’. References in the included 
studies were examined to identify additional studies that were 
not captured by the initial literature search strategy.

Study selection. Studies were selected for the meta-analysis 
based on the following criteria: i) Only cohort studies were 
included for observational studies; ii) CVD, including coro-
nary heart disease, stroke, coronary artery calcification, aortic 
atherosclerosis, peripheral artery disease, arterial stiffness and 
cerebral vascular accident; iii) hazard ratios (HRs), odds ratios 
(ORs) and 95% confidence intervals (CIs) were either extracted 
directly from the selected articles or calculated according to 
the provided data in the studies; and iv) letters, review articles, 
comments, case reports and systematic reviews were excluded. 
No language exclusions were applied.

Data extraction and quality assessment. Two authors (SZ and 
GS) independently extracted data from the selected studies. 
Disagreements were resolved by discussion; if this process did 
not solve a disagreement, a third author (AW) was consulted. 
The extracted information included authors, publication year, 
study design, age, sex, with or without CVD in GD group and 
control, years of follow-up, outcomes, ORs, HRs, confounder 
adjustment and CIs. The methodological quality of the selected 
studies was evaluated with the Newcastle-Ottawa Scale (10). 
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The scale contained nine points: Comparability (two stars), 
estimation of outcomes or exposures (three stars) and selec-
tion (four stars). Studies that received more than six stars were 
judged as high quality.

Statistical analysis and subgroup analysis. STATA version 12.0 
(STATA Corp LP, College Station, TX, USA) was used in the 
present meta-analysis. The combined unadjusted OR and HR 
were calculated using the random-effects model (11). When 
information was reported for more than one subpopulation (for 
example, subjects with HRs and unadjusted ORs, subjects from 
different geographical areas or subjects with different sexes) in 
one study, each subpopulation was treated as a separate compar-
ison in the meta-analysis. To assess across-study heterogeneity, 
the inconsistency index (I2) was calculated with the significance 
level set at P�0.01. A high, moderate and low degree of heteroge-�0.01. A high, moderate and low degree of heteroge-0.01. A high, moderate and low degree of heteroge-
neity was assessed using I2≥75, I2≥50 and I2≥25%, respectively. 
A fixed‑effect model for the various studies without heteroge-
neity was performed. By contrast, the random-effects model 
was used in the meta-analysis and subgroups to analyze the 
source of heterogeneity and potential factors. Subgroup analysis 
was stratified by area, sex, age, years of follow‑up, study design 
and sample size. Between trial heterogeneity was assessed using 
the χ2 test. The effect of each study on the overall estimates was 
assessed with sensitivity analysis. Direct observation of funnel 
plots was performed to assess the presence of publication bias 
and confirmed with an Egger's test (12).

Results

Study characteristics. The flowchart of the included studies 
was presented in Fig. 1. Overall, 13,833 records were identified 
through the EMBASE, PubMed and Cochrane Library search. 
According to the predefined inclusion and exclusion criteria, 
10 studies, including retrospective cohort studies (n=7) and 
prospective cohort studies (n=3) published between 1985 and 
2017 were included in the meta-analysis.

In terms of the location, five studies were from 
Asia (9,13-16) and five studies were from Western 
countries (2,8,17-19). Of the 10 studies included in the 
meta-analysis, seven reported HRs (2,8,9,13,14,16,17) and 
eight reported original data, from which unadjusted ORs were 
calculated (2,8,9,13-17). Among these studies, there were five 
prospective cohort studies (2,9,15,17,18) and five retrospec-
tive cohort studies (8,13,14,16,19). Cardiovascular diseases 
and cerebrovascular diseases were studied in nine and two 
included articles, respectively. For end-point incidence of these 
studies, two included mortality as an end-point (2,18) and eight 
studies used morbidity (8,9,13-17,19). The characteristics of 
the selected studies were summarized in Table I.

Main analysis and publication bias. The meta-analysis 
suggested a significantly increased risk of incidence (HR=1.24, 
95% CI: 1.17-1.31; Fig. 2) and prevalence (unadjusted OR=1.23, 
95% CI: 1.21-1.25; Fig. 3) of CVD with GD, but with substantial 
heterogeneity [P�0.001, I2=80.2% (HR); P�0.001, I2=95.8% 
(unadjusted OR); Figs. 2 and 3]. Publication bias of the HR 
was analyzed using the funnel plot, and the results revealed no 
symmetric distribution of the included studies on both sides 
of the funnel plot, suggesting a possibility of publication bias 

(Fig. 4). No publication bias of HR was identified by Egger's 
test (Pr>|z|=0.679). However, because the number of included 
studies for unadjusted OR was �10, the publication bias for 
it was not assessed. Collectively, it was not certain that the 
included studies had no publication bias, but there was no 
evidence to doubt the validity of the results.

Subgroup analysis. To investigate the influencing factors of 
heterogeneity, the data were initially stratified by HR and 
unadjusted OR, then group 1 was further stratified by mean 
age (HR≥45, unadjusted OR≤60), sex (female), geographical 
region, follow-up (�10 years), prospective cohort study and 
sample size (patients with gallstones>10,000). Group 2 was 
stratified by mean age (HR>45, unadjusted OR>60), sex 
(male), geographical region, years of follow‑up (≥10 years), 
retrospective cohort study and sample size (patients with 
gallstone>10,000; Table II). The two groups with GD had a 
risk of CVD; although the risk in group 1 was greater than 
that of group 2, indicating that the association between GD 
and CVD was stronger in the younger population or female 
individuals. The heterogeneity of the HR was significantly 
reduced in the stratified analysis by years of follow‑up and 
prospective cohorts, indicating that years of follow-up and 
study design factors may be potential sources of heterogeneity.

Discussion

In the present meta-analysis, it was demonstrated that 
compared with controls, GD was associated with a 1.24-fold 

Figure 1. Preferred reporting items for meta-analyses. Flow diagram illus-
trates the study selection process.
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increase in prevalence and a 1.23-fold increase in incidence 
for CVD, including cardiovascular disease, coronary artery 
disease and stroke. Previous studies have reached conflicting 
conclusions about the association between GD and CVD. 
Several reports have indicated that GD is associated with 
CVD (8,9), but others have concluded otherwise (7). The 
conflicting findings may be due to differences in the mean 
age, sex, geographical region, sample size, study design, 
follow-up and outcome. In the present study, subgroup 
analysis by mean participant age revealed that young partici-
pants had higher CVD risks, suggesting that more attention 
should be paid to the prevention of CVD in younger patients 
with GD. It is generally acknowledged that the prevalence 
of GD in younger individuals is lower than that in older 
individuals (20). Therefore, GD may have a greater impact 
on CVD risk in populations with a lower prevalence. The 

Figure 2. Forest plot of the included studies, comparing risk of cardio-cerebrovascular disease in patients with and without gallstone disease. A diamond data 
marker represents the overall HRs and the 95% CI for the outcome of interest. HR, hazard ratio; CI, confidence interval.

Figure 3. Forest plot of the included studies, comparing risk of cardiovascular disease in patients with and without gallstone disease. A diamond data marker 
represents the overall unadjusted ORs and 95% CI for the outcome of interest. OR, odds ratio; CI, confidence interval.

Figure 4. Funnel plot of the hazard ratios reported in the included studies. A 
funnel plot was constructed to check for the existence of publication bias. HR, 
hazard ratio.
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effect of GD on CVD was stronger in females in the current 
meta-analysis, which was consistent with the conclusion of 
a previous meta-analysis (21). Female patients with GD may 
have more CVD risks, such a pregnancy or oral contracep-
tive use (22). Furthermore, in postmenopausal women, a 
decrease in high-density lipoprotein (HDL) levels contrib-
utes to the development of GD (23). Recently, Fan et al (21) 
also conducted a meta-analysis on GD and CVD. A notable 
difference between their study and the present study was that 
they pooled OR to calculate the risk of CVD (21), whereas 
the current analysis included HR and unadjusted OR, which 
were pooled separately to calculate the risk of CVD. A 

previous meta-analysis also separated pooled HR and OR, 
but did not perform subgroup analysis (24).

Various pathogenic mechanisms have been suggested as 
possible explanations for GD and CVD. Cholesterol accu-
mulation is a major component in atherosclerotic CVD and 
GD (15,25). These disorders share common risk factors, 
including age, sex and obesity, as well as lipid and glucose 
metabolism disorders, which are also key components of meta-
bolic syndrome (MS) (26,27). MS is strongly associated with 
coronary artery disease, and gallstones may be considered a 
biliary feature of this syndrome (28,29). It was assumed that 
patients with GD had a higher risk of having the comorbidities 

Table II. Stratified analyses of the risk of cardiovascular disease among patients with gallstones.

A, Group 1

Subgroup HR/unadjusted OR RR (95% CI) Reports I2 (%) P(heterogeneity) Weight %

Mean age
  �45 HR: 1.65 (1.14, 2.40) 3 90.5 �0.001 29.85
  ≤60 Unadjusted OR: 1.47 (1.38, 1.58) 4 0 0.979 39.23
Sex
  Female HR: 1.25 (1.18, 1.34) 5 70.5 0.009 56.13
Geographical region
  Asia HR: 1.27 (1.21, 1.32) 5 55.5 0.061 53.89
  Western Unadjusted OR: 1.29 (1.22, 1.37) 4 97.4 �0.001 7.08
Follow-up (year)
  �10 HR: 1.26 (1.21, 1.32) 6 49.8 0.076 56.30
  �10 Unadjusted OR: 1.27 (1.19, 1.34) 3 98.2 �0.001 6.23
Study design
  Prospective cohort study HR: 1.29 (1.10, 1.50) 3 66.7 0.050 24.48
  Prospective cohort study Unadjusted OR: 1.35 (1.30, 1.39) 5 96.7 �0.001 21.59
Sample size (gallstone)
  >10,000 Unadjusted OR: 1.24 (1.21, 1.26) 5 96.8 �0.001 93.45

B, Group 2

Subgroup HR/unadjusted OR RR (95% CI) Reports I2 (%) P(heterogeneity) Weight %

Mean age
  ≥45 HR: 1.20 (1.11, 1.30) 5 81.4 <0.001 70.15
  >60 Unadjusted OR: 1.24 (1.17, 1.30) 3 98.2 �0.001 60.77
Sex
  Male HR: 1.22 (1.08, 1.37) 4 85.8 �0.001 43.87
Geographical region
  Western HR: 1.22 (1.11, 1.34) 5 74.4 0.004 46.11
  Asia Unadjusted OR: 1.23 (1.20, 1.25) 4 94.3 �0.001 92.92
Follow-up (year) 
  ≥10 HR: 1.23 (1.11, 1.36) 4 80.5 0.001 43.70
  ≥10 Unadjusted OR: 1.23 (1.21, 1.25) 5 92.9 <0.001 93.77
Study design
  Retrospective cohort study HR: 1.23 (1.15, 1.31) 7 83.5 �0.001 75.52
  Retrospective cohort study Unadjusted OR: 1.20 (1.17, 1.22) 3 88.5 �0.001 78.41
Sample size (gallstone)
  ≤10,000 Unadjusted OR: 1.15 (1.09, 1.22) 3 94.6 <0.001 6.55

HR, hazard ratio; OR, odds ratio; CI, confidence interval; RR, relative risk.
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of hypertension, diabetes, coronary arterial disease, atrial 
fibrillation and hyperlipidemia, all of which have been proved 
to be conventional risk factors for stroke (16). However, 
Olaiya et al (14) revealed that GD and diabetes or GD and 
hyperlipidemia also interacted to increase the stroke risk. 
Diabetes and hyperlipidemia present the same risks in GD and 
stroke. Therefore, diabetes or hyperlipidemia with GD may 
have synergistic effects that can promote strokes. Considering 
this, checking for GD in patients with diabetes or hyperlipid-
emia maybe a new strategy for stroke prevention (16).

Aberrant inflammation is involved in the development 
of GD and CVD (30,31). Several inflammatory factors, 
including von Willebrand factor, lectin-like oxidized 
low-density-lipoprotein receptor-1, soluble urokinase 
plasminogen activator receptor, regulated upon activation, 
normal T-cell expressed and secreted, as well as micropar-
ticles, have been proposed as reducing the expression levels 
of these factors may improve CVD (32). The inflammatory 
process in GD may promote atherosclerosis or vasculopathy 
in the cerebral vasculature, thereby increasing the risk of 
CVD. Associated liver diseases, including non-alcoholic 
fatty liver disease and pyogenic liver abscesses, have been 
determined to increase the risk of subsequent CVD via a 
similar mechanism. Inflammation may also be a vascular 
risk factor in GD (31).

Dysbiosis is an alteration in the composition of the gut 
microbiota, and has been associated with several diseases, 
including CVD and GD (33,34). Specifically, dysbiosis has 
been implicated in CVD, with various aspects of cardiometa-
bolic syndrome: Obesity, hypertension, chronic kidney disease 
and diabetes (35). A mechanistic link between gut microbiota 
formation of trimethylamine-N-oxide (TMAO) and CVD has 
been repeatedly demonstrated. TMAO has been implicated 
in atherosclerosis, platelet aggregation, diabetes and hyper-
tension (36). Gut and biliary tract dysbiosis disequilibrates 
the enterohepatic circulation, leading to gallstone forma-
tion (37,38). Various mechanisms have been consequently 
speculated, including Helicobacter spp. in the gallstone nuclei, 
systemic immune response alteration and modulation of 
enterohepatic cycling of conjugated bile acids (39). Infection 
with Helicobacter pylori is positively associated with high 
low-density lipoprotein cholesterol (LDL-C), low HDL-C and 
CVD (40). Patients that are Helicobacter seropositive with the 
TT genotype of the polymorphic gene adiponectin receptor 
2 rs1044471 constitute a risk group of cardiovascular event 
formation (41). In light of these findings, therapies targeting 
the gut microbiota present novel opportunities for CVD and 
GD treatment.

Genetic studies have highlighted several single nucleo-
tide polymorphisms that may characterize patients with a 
high risk for GD and CVD. Several genes in the cholesterol 
metabolism pathway serve an important role in lipid biosyn-
thesis, metabolism and transport. Variants of these genes may 
significantly influence plasma total cholesterol and LDL‑C 
levels, and in turn affect the pathogenesis of GD and CVD. 
For example, the ATP-binding cassette G8 (ABCG8) gene 
is expressed exclusively in the liver and intestine, and forms 
heterodimers to regulate the efflux of sterols into the intes-
tinal lumen and controls the hepatic secretion of sterols into 
the bile. The ABCG8 D19H variant is associated with plasma 

total cholesterol and LDL-C levels (42,43), and confers risk for 
CVD and GD. Previous research has revealed that the pres-
ence of the e4 allele of apolipoprotein E gene is a risk factor 
for CVD and GD, and is associated with significantly higher 
levels of LDL-C, TC and non-HDL-C (44,45).

Notably, this meta-analysis has several limitations. First, 
heterogeneity was revealed through the pooled analysis among 
studies. The present meta-analysis is unlikely to fully account 
for heterogeneity, even with the explanation of certain clues 
from the subgroup analysis. Therefore, the results of the 
meta-analysis must be interpreted with caution. Because of 
the potential heterogeneity in age, sex, follow-up, geographical 
region and study design, it was assumed that the estimated true 
effect would vary between study designs, in addition to the 
years of follow-up. Heterogeneity was accounted for by using 
combined results of the eligible studies with the random-effect 
model. Although the random-effect approach provides some 
heterogeneity allowance beyond sampling error or a limited 
influence, it does not necessarily rule out the heterogeneity 
effect. Second, although Egger's test suggested no publication 
bias for the HR; the inverted funnel plots of the HR were not 
symmetrical. The source of publication bias may originate 
from the nonrandomized studies, including prospective cohort 
and retrospective cohorts. Finally, unpublished data/studies 
that may have met the inclusion criteria were not included. 
In addition, potential biases may have been produced in the 
present meta-analysis.

In conclusion, the present study demonstrated that the 
presence of GD was associated with an increased risk of CVD 
incidence and prevalence. Further studies are required with 
more randomized controlled trials to elucidate the molecular 
mechanisms underlying the association between these two 
diseases, and whether preventive therapies would prevent the 
progression of CVD in patients with GD.
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