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Abstract

Background: Gallstone disease (GSD) is a common and costly biliary disorder. Multiple studies have investigated
the associations between blood lipid metabolism and GSD risk; however, the results are inconsistent. This research
aimed to comprehensively evaluate the relationships among serum total cholesterol, low-density lipoprotein (LDL)
cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides and GSD risk.

Methods: Firstly, a multi-center cross-sectional study was carried out. Subjects who participated in the health
examination in three hospitals between January 2015 and May 2020 were recruited. Multivariable logistic regression
was used to investigate blood lipid metabolism associated with GSD risk. Then, a meta-analysis was performed to
verify the associations further. Medline and Embase databases were systematically searched before June 10, 2021.
The DerSimonian and Laird random-effect model was utilized when the heterogeneity was high; otherwise, fixed-
effect model was adopted.

Results: There were 548,934 eligible participants included in the multi-center study, and 45,392 of them were
diagnosed with GSD. The results demonstrated that total cholesterol and HDL cholesterol were negatively
associated with GSD risk in both high vs. low model and per mmol/L increase model, while triglyceride was
positively associated with GSD risk in the per unit increase model. In the meta-analysis, 104 studies with
approximately 3 million participants were finally included. The results verified that HDL cholesterol [odds ratio
(OR) = 0.636, P = 5.97 × 10− 16 in high vs low model; OR = 0.974, P = 6.07 × 10− 05 in per unit model] and triglyceride
(OR = 1.192, P = 3.47 × 10− 05 in high vs. low model; OR = 1.011, P = 5.12 × 10− 05 in per unit model) were related to
GSD risk in the two models.

Conclusions: The findings indicated that low HDL cholesterol levels and high triglyceride levels were risk factors for
GSD. This study provides a basis for identifying the population at high risk for GSD and implementing tertiary
prevention strategies for GSD, thus contributing to GSD prevention as well as disease burden relief.
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Background
Gallstone disease (GSD) is one of the most common
biliary diseases, afflicting about 10–20% of the popu-
lation in European countries [1] and 5–8% in Asian
countries [2]. Most GSD patients are asymptomatic,
and approximately 20% of them develop abdominal
pain and other biliary complications during their lifetime,
which require surgical treatment [3]. In the United States,
over 700,000 cholecystectomies are performed annually,
costing more than 6 billion dollars [1]. Besides, gallstone
is a high-risk factor for a wide array of diseases, including
biliary tract cancer [4], colorectal cancer [5], cardiovascu-
lar diseases [6], and even mortality [7], posing substantial
healthcare and economic burden on nations. Therefore,
clarifying the pathogenesis and risk factors for GSD is es-
sential to provide prophylactic strategies for the preven-
tion of GSD.
Most gallstones are composed of cholesterol, and

hence the role of cholesterol metabolism in the mechan-
ism of gallstone formation has long been a research
focus in the etiology of GSD. Several studies have evalu-
ated the relationship between serum lipids levels and
GSD risk [2, 8]. However, there is a considerable dis-
crepancy among the findings due to the differences in
the study design, sample size, subjects’ ethnicity and def-
inition of dyslipidemia, thus limiting the strength and
application of these pieces of evidence.
In this research, a multi-center cross-sectional study in

China was firstly conducted to estimate the associations
between serum lipids [e.g., total cholesterol (TC), high-
density lipoprotein (HDL) cholesterol, low-density lipo-
protein (LDL) cholesterol and triglyceride] and GSD
risk. Additionally, meta-analysis was conducted to fur-
ther verify these associations.

Methods
This cross-sectional study was performed in compliance
with the guidelines of the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
statement [9].

Study population
Participants in this multi-center cross-sectional study
were recruited from the physical examination centers
between January 2015 and May 2020 in three hospitals
in China. The three hospitals are the First Affiliated
Hospital of Chongqing Medical University Jinshan Hos-
pital, the People’s Hospital of Kaizhou District in
Chongqing city, and Tianjin Medical University Cancer
Institute and Hospital. The participants who met the
following criteria were recruited: (i) underwent ultrason-
ography examination; (ii) had complete demographic, an-
thropometric and biochemical indexes, including age,
gender, height, weight, waist circumference, blood glucose,

diastolic/systolic blood pressure (DBP/SBP), and indica-
tors for liver function and kidney function. If the subject
participated in multiple health examinations, the latest
data were selected. This research was approved by the
ethics committee of West China Fourth Hospital and
West China School of Public Health, Sichuan University
(Gwll2021055), and was conducted according to the eth-
ical guidelines of the 1964 Declaration of Helsinki and its
later amendments.

Laboratory examinations
The fasting blood samples were collected from the sub-
jects, and then measured in laboratories within one
hour. The biochemical analyzers were utilized to esti-
mate the serum concentrations of HDL cholesterol, LDL
cholesterol, TC, triglyceride, fasting blood glucose
(FBG), total bilirubin (T-bil), alanine transaminase
(ALT), aspartate transaminase (AST), creatinine (Cr),
uric acid (UA), and urea nitrogen (UN). All biochemical
indexes were measured by following the international
standard protocol independently in each hospital.

Definitions
Ultrasonography was performed by experienced radiolo-
gists. The diagnosis of GSD was based on one of the fol-
lowing two criteria or both: (i) one or more hyperechoic
structures in the gallbladder or biliary system, which
were acoustic shadowing or gravity-dependent; (ii) no
sight of the gallbladder in patients who underwent
cholecystectomy due to gallstones. In this cross-sectional
study, the lipid markers were classified into three groups
according to the Chinese adult dyslipidemia prevention
guide (2017 edition), TC (mmol/L): > 5.7, 3.1–5.7, and <
3.1; triglycerides (mmol/L): > 1.7, 0.4–1.7, and < 0.4; LDL
cholesterol (mmol/L): > 3.1, 2.07–3.1, and < 2.07; and
HDL cholesterol (mmol/L): > 2.0, 0.9–2.0, and < 0.9.

Meta-analysis
The current meta-analysis was conducted according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [10] and the
Meta-Analysis of Observational Studies in Epidemi-
ology (MOOSE) guidelines [11]. This meta-analysis
has been registered to the International Prospective
Register of Systematic Reviews (PROSPERO; registra-
tion ID: CRD42020218747).
In this meta-analysis, two corresponding authors (X.S.

and X.W.) developed the search strategy, inclusion cri-
teria, and exclusion criteria. Two authors (M.Z. and
M.M.) independently conducted literature searching, art-
icle selection, data extraction, and quality evaluation. All
inconsistent data were discussed and resolved by the
corresponding authors. The PubMed and Embase data-
bases were searched to screen the relevant researches
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published in English before June 10, 2021. The exact
keywords are listed in Additional file 1.
Publications were eligible to be included if: (i) they

were observational studies conducted in humans, includ-
ing cross-sectional, case-control, and cohort studies; (ii)
the primary outcomes were risk of GSD and/or mean
difference in lipid levels between GSD patients and
healthy individuals; (iii) they directly provided risk esti-
mates such as hazard ratio (HR), relative risk (RR) and
odds ratio (OR) with 95% confidence intervals (CIs), co-
efficient β and standard error (SE), or provided enough
data to calculate these risk estimates; or (iv) they pro-
vided mean and standard deviation (SD) in both cases
and controls. When the same population was used in
multiple research papers, the most recent study or the
one with the largest sample size were selected. Irrelevant
studies and relevant literature reviews with insufficient
data were excluded.
Data were extracted from a predesigned sheet contain-

ing the PubMed Unique Identifier (PMID), first author,
publishing year, exposure factor, source of population,
geographic background, study period, study design, sam-
ple size of cases and controls, matched information,
number of male and female participants, effects of asso-
ciations and the corresponding 95%CIs, coefficient β, SE
or P-value (for studies using multiple adjusted models,
the most fully adjusted estimates were extracted), and
mean levels of lipids and SD in GSD and non-GSD
groups.
Risk of bias and quality assessment were conducted

for the included cohort and case-control studies by the
Newcastle-Ottawa scale (NOS), and the Agency for
Healthcare Research and Quality (AHRQ) for cross-
sectional studies as suggested [12, 13]. NOS estimates
study quality based on three criteria (the comparability
of the groups; selection of the study groups; and ascertain-
ment of outcomes of interest) with a full score of nine. It
is assigned as high quality if a study obtains more than six
scores, moderate quality if obtains 46 scores, and low
quality if obtains less than four scores. AHRQ estimates
study quality based on 11 items with a total of 11 scores.
Each item answered with “yes” (one score), “no” or “not
reported” (zero score). A study is assigned as high, moder-
ate or low quality when it gets eight-11, four-seven or less
than four scores, respectively.

Statistical analysis
All statistical analyses in the cross-sectional study were
performed with SPSS software, version 19 (IBM, USA).
The continuous variable was presented as mean ± SD,
and Student’s t-test was utilized to evaluate the difference
between GSD group and non-GSD group. The categorical
variable was expressed as number and percentage, and
was compared by the Chi-square test. Multivariate logistic

regression models were applied to evaluate the associa-
tions between serum lipids profile and GSD risk in each
hospital. The effects of higher levels and each mmol/L in-
crease in blood lipid levels on GSD were assessed. Finally,
the results of the associations between serum lipid levels
and GSD risk from the three hospitals were pooled. Sub-
group analyses were conducted based on the subtype of
GSD, age, and gender.
The STATA software (version 15, Stata, College

Station, USA) was utilized for meta-analyses. Cochran’s
Q test was performed to examine the heterogeneity be-
tween publications, and the I2 statistic was applied for
quantification of heterogeneity. DerSimonian and Laird
random-effect model was utilized when the heterogen-
eity was evident (I2 ≥ 50%); otherwise, fixed-effect model
was adopted. For the included studies that provide the
mean levels of blood lipids and SD, meta-analysis for
continuous variables was conducted to obtain standard
mean difference (SMD). For the studies that provide the
estimates of lipid levels on GSD with OR/HR/RR and
95%CI, meta-analyses were performed on the effects of
higher lipid levels or each increasing unit of blood lipid
levels on GSD to obtain the pooled ORs and 95%CI.
Next, a dose-response meta-analysis was conducted by
robust error meta-regression (REMR) model using valid
data [14, 15]. Three random knots were set based on the
dose distribution’s quartiles. Studies with at least two
categories of blood concentration were included. When
the median concentrations of blood lipids were unavail-
able, the midpoint levels were used. Subgroup analyses
were conducted based on geographic background, gen-
der, study design, and quality grade. Meta-regression
was also used to trace the source of heterogeneities. In
addition, funnel plot and Begg’s test were performed to
examined potential publication bias, while Egger’s test
was used to explore small-study bias. Sensitivity analysis
was conducted to verify the stability of the associations.
Tests of heterogeneity and bias were one-tailed and P-
value< 0.10 was deemed significant as recommended.
The significance level of a two-tailed test was set at P-
value less than 0.05.

Results
Baseline characteristics of the recruited subjects
Overall, 45,392 GSD cases and 503,542 controls were re-
cruited from three hospitals in this multi-center cross-
sectional study. The clinical, anthropometric characteris-
tics and laboratory test results of the subjects are pre-
sented in Table 1. In the First Affiliated Hospital of
Chongqing Medical University Jinshan Hospital, 170,038
subjects were enrolled and 12,518 (7.36%) of them had
GSD. In the People’s Hospital of Kaizhou, a total of
372,289 subjects were recruited. GSD was found in
32,367 (8.69%) individuals. In Tianjin Medical University
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Cancer Institute and Hospital, 10,940 subjects were re-
cruited, and 507 (4.63%) were diagnosed with GSD. The
mean concentrations of TC, triglyceride, LDL cholesterol
were remarkably higher in GSD cases, whereas HDL
cholesterol was lower than in healthy controls. Com-
pared to non-GSD group, GSD group also had signifi-
cantly higher mean age and higher levels of FBG, SBP,
DBP, AST, UN, and Cr. The prevalence rates of fatty
liver disease, kidney stones, and hypertension in cases
were higher than those in controls (all P < 0.05).

Multivariate logistic regression analysis of the
associations between the concentrations of lipids and
GSD risk in the three hospitals
Multivariate logistic regression analysis revealed that the
higher levels of HDL cholesterol, LDL cholesterol and
TC were negatively related to GSD risk in the two hospi-
tals in Chongqing (Table 2). The higher level of trigly-
ceride was not associated with GSD risk. However, for 1
mmol/L rise in triglyceride level, GSD risk was elevated.
In Tianjin Medical University Cancer Institute and Hos-
pital, multivariate analysis indicated GSD risk was not
associated with TC and triglyceride. However, the results

of subgroup analyses by age, gender, and diagnosis of
GSD (Additional files 2, 3, 4) were inconsistent.
Then, the results of each hospital were pooled. As

shown in Table 2 and Fig. 1, the pooled analyses showed
that for one unit raise in TC, the susceptibility of GSD
was decreased by 10.5%. Compared to subjects with TC
level of < 0.4 mmol/L, the GSD risks of those with TC
levels of 3.1–5.7 and > 5.7 mmol/L were decreased by
23.3 and 24.6%, respectively. As to HDL cholesterol, the
GSD risk was reduced by 11.1% for 1 mmol/L increase.
Compared to the subjects with HDL cholesterol level of
< 0.9 mmol/L, the GSD risks of those with HDL choles-
terol levels of 0.9–2.0 and > 2.0 mmol/L were decreased
by 9.0 and 29.0%, respectively. For LDL cholesterol,
compared with the subjects with LDL cholesterol < 2.07
mmol/L, the GSD risk of those with LDL cholesterol
levels of 2.07–3.1 and > 3.1 mmol/L were reduced by 8.6
and 10.7%, respectively. However, the results were not
consistent with those in the model of each increase
mmol/L in LDL cholesterol. The pooled results also
demonstrated that, with one unit rise in triglyceride
levels, the susceptibility of GSD was elevated by about
1.050 times. However, when considering triglyceride

Table 2 Association between lipid profiles and gallstone disease with multivariate analysis by logistic regression

First Affiliated Hospital of
Chongqing Medical
University Jinshan Hospital

The People’s Hospital
of Kaizhou District of
Chongqing

Tianjin Medical
University Cancer
Institute and Hospital

Pooled

OR (95%CI) P OR (95%CI) P OR (95%CI) P OR (95%CI) P

TC, mmol/L

< 3.1 ref ref ref

3.1–5.7 0.714 (0.599, 0.852) < 0.001 0.857 (0.688, 1.068) 0.170 ref 0.767 (0.668, 0.880) 1.51 × 10− 04

> 5.7 0.670 (0.557, 0.807) < 0.001 0.765 (0.608, 0.964) 0.023 0.855 (0.701, 1.043) 0.122 0.754 (0.671, 0.848) 2.25 × 10−06

TG, mmol/L

< 0.4 ref ref ref

0.4–1.7 0.755 (0.524, 1.088) 0.132 1.089 (0.476, 2.493) 0.840 ref 0.801 (0.574, 1.119) 0.194

> 1.7 0.897 (0.621, 1.296) 0.562 1.272 (0.555, 2.916) 0.570 0.982 (0.784, 1.230) 0.874 0.972 (0.806, 1.172) 0.764

LDL-C, mmol/L

< 2.07 ref ref ref

2.07–3.1 0.932 (0.867, 1.002) 0.055 0.902 (0.849, 0.958) 0.001 NA 0.914 (0.873, 0.958) 1.51 × 10−04

> 3.1 0.882 (0.815, 0.954) 0.002 0.905 (0.831, 0.985) 0.021 NA 0.893 (0.842, 0.946) 1.31 × 10−04

HDL-C, mmol/L

< 0.9 ref ref ref

0.9–2.0 0.906 (0.824, 0.996) 0.041 0.915 (0.822, 1.019) 0.106 NA 0.910 (0.848, 0.977) 0.009

> 2.0 0.698 (0.605, 0.804) < 0.001 0.723 (0.623, 0.84) < 0.001 NA 0.710 (0.640, 0.787) 7.03 × 10−11

TC, per unit 0.889 (0.827, 0.955) 0.001 0.881 (0.829, 0.937) < 0.001 0.939 (0.853, 1.033) 0.197 0.895 (0.858, 0.933) 1.89 × 10−07

TG, per unit 1.054 (1.033, 1.075) < 0.001 1.05 (1.031, 1.07) < 0.001 0.960 (0.862, 1.070) 0.461 1.050 (1.036, 1.065) 8.68 × 10−13

LDLC, per unit 1.071 (0.994, 1.153) 0.071 1.071 (0.988, 1.161) 0.094 NA 1.071 (1.014, 1.131) 0.014

HDLC, per unit 0.832 (0.750, 0.922) < 0.001 0.930 (0.855, 1.012) 0.091 NA 0.889 (0.833, 0.949) 4.32 × 10−04

The ORs were adjusted for age, sex, BMI, fatty liver disease, kidney stone, hypertension, FBG, Cr, UA, UN, T-bil, ALT, AST, and TC, TG, LDL-C, LDL-C. Bold means p <
0.05, TC: total cholesterol, TG triglycerides, LDL-C low density lipoprotein cholesterol, HDL-C high density lipoprotein cholesterol
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levels as a categorical variable, the GSD risk was not sig-
nificantly increased when compared with participants
with < 0.4 mmol/L.
When cholecystectomy and gallstones were analyzed

separately, the higher concentrations of TC and LDL chol-
esterol were negatively related to cholecystectomy, but
LDL cholesterol was related to a high susceptibility to gall-
stones formation. The high level of TC was associated
with GSD risk only in the older population when stratified
by age. Additionally, a higher level of LDL cholesterol was
positively correlated with GSD risk in younger population,
while negatively correlated with GSD risk in middle-aged
and elderly populations (Fig. 1a). One mmol/L increase in

triglyceride was positively associated with GSD risk when
stratified by age and gender of the participants, but it was
not associated with gallstone risk (Fig. 1b).

Meta-analysis of the associations between blood lipid
metabolism and GSD risk
The flowchart of literature selection process is presented
in Fig. 2. This meta-analysis finally included 101 studies
comprising 206,413 cases and 2,670,803 controls through
screening a total of 1728 publications from the Medline
and Embase databases. The characteristics of the included
publications are shown in Additional files 5, 6. Of these
studies, 74 reported the mean difference of blood lipid

Fig. 1 Pooled analysis of the multivariate logistic regression analysis in the multi-center cross-sectional study. a High-level vs Low-level model. b
Per mmol/L increase model
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levels in GSD and non-GSD groups (Additional file 5), 27
reported estimates for an increasing unit in blood lipid
levels, and 29 reported estimates for high-level versus low-
level blood lipids (Additional file 6). There were 11, 33
and 57 cohort, case-control and cross-sectional studies,
respectively. A majority of studies were carried out in
Asian countries (n = 57), followed by European countries
(n = 21), American countries (n = 18), Oceania country
(n = 1), and other countries (n = 4). Among these studies,
41.6% (n = 42) were regarded as high quality and 58.4%
(n = 59) were moderate quality according to the statement
of NOS and AHRQ (Additional file 7). After adding three
cross-sectional studies, 104 articles were finally included
for the quantitative meta-analysis.

As shown in Table 3, meta-analyses of previous studies
displayed that the mean concentrations of triglycerides
and LDL cholesterol were markedly higher in GSD pa-
tients than in healthy individuals, but the concentration
of HDL cholesterol was significantly lower, which is
consistent with the current cross-sectional study. Meta-
analyses showed that triglyceride was positively associ-
ated with GSD risk (ORs = 1.214 and 1.007 in high vs.
low model and per unit model, respectively), while HDL
cholesterol was negatively related to GSD risk (ORs =
0.625 and 0.978 in high vs. low model and per unit
model, respectively) in the two comparison models.
However, both TC nor LDL cholesterol were not signifi-
cantly correlated with GSD risk.

Fig. 2 Flow-chart of the study selection in the present meta-analysis
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After adding the present multi-center study, the pooled
results were relatively consistent (Table 3). Subgroup ana-
lyses (Additional file 8) also indicated that the associations
were generally consistent when stratified by gender, study
design, the grade of the quality and geographic back-
ground. The heterogeneity was significant in most of the
meta-analysis models, and meta-regression showed that
the study design, gender, geographic background, and
quality of the included studies might be the sources of
heterogeneity (Additional file 8). Begg’s test (Table 3) and
funnel plot (Additional file 9) showed three associations
with potential publication bias (P < 0.10). Egger’s test indi-
cated eight associations with small-study bias (Table 3).
However, sensitivity analysis showed that most of the as-
sociations did not alter significantly after excluding indi-
vidual datasets (Additional file 10).
As to the dose-response meta-analysis, a total of 17,

18, 12 and 15 studies reporting on the associations be-
tween GSD risk and levels of TC, triglycerides, LDL
cholesterol, HDL cholesterol were included, respectively,
according to the criteria of the REMR model. The doses
ranged from 0 to 15.22, 0 to 4.47, 0 to 7.41, and 0 to
2.85 for TC, triglycerides, LDL cholesterol, and HDL
cholesterol, respectively. A linear relationship between
HDL cholesterol level and GSD risk (P-value for nonlin-
earity = 0.1562) was observed (Additional files 11 and
12). In contrast, nonlinear relationships between TC (P-
value for nonlinearity = 0.0003), triglycerides (P-value for
nonlinearity = 0.0005), LDL cholesterol (P-value for non-
linearity = 0.0021) and GSD risk were detected.

Discussion
This study comprehensively investigated the associations
between blood lipid metabolism and GSD risk by com-
bining multi-center cross-sectional research and meta-
analysis. The combined results showed triglyceride was
positively associated with GSD risk, while HDL choles-
terol was negatively related to GSD risk. However, the
levels of TC and LDL cholesterol were not remarkably
associated with GSD risk.
The exact role of serum lipid levels in GSD remains

unclear. The involvement of lipids in some critical litho-
genic processes of gallstones might be a possible explan-
ation for their effects on GSD risk. Generally, the
mechanisms of cholesterol gallstone formation depend
on the cholesterol crystals in bile, which is related to an
increasing bile cholesterol saturation index and is nega-
tively correlated to the levels of bile salts. Furthermore,
the time of cholesterol crystal nucleation and dysfunc-
tion of the gallbladder also affect the formation of gall-
stones [16].
The present study found that HDL cholesterol was

negatively related to GSD risk. This result is in agree-
ment with previous epidemiologic studies [2, 8, 17]

reporting on the inverse association between HDL chol-
esterol and GSD. Evidence has shown that a high level
of blood HDL cholesterol can facilitate the synthesis of
hepatic bile acid [18] and decrease the cholesterol satur-
ation index [19], which in turn increases cholesterol
solubility in the bile [20] and subsequently protects
against gallstones formation. Alternatively, it has been
reported that HDL cholesterol contributes most of the
cholesterol transported into bile [21]. Thus, given the
negative correlation between HDL cholesterol and GSD
risk observed in this research, it can be inferred that the
free cholesterol in HDL is preferentially metabolized to
bile acid rather than secreted into the bile as cholesterol.
In contrast to HDL cholesterol, this meta-analysis

showed that triglyceride was positively related to GSD
susceptibility. This conclusion is consistent with previ-
ous cohort studies [8, 22]. However, the mechanisms
underlying the increased levels of triglyceride in patients
with GSD are not clear. The findings by Cavallini et al.
demonstrated that a high level of serum triglyceride was
positively related to an increase in cholesterol saturation
index [23] and rapid nucleation of cholesterol crystals
[18], which were key precursors for gallstone formation.
As for the association between TC, LDL cholesterol

and GSD risk, the results from previous researches was
quite conflicting, with some observational studies report-
ing no association [8, 17] and other researchers consid-
ered TC and LDL cholesterol as protective [24] or risk
factors for GSD [2, 25]. This multi-center cross-sectional
study indicated that the high level of TC was negatively
associated with GSD only in older individuals and that
high LDL cholesterol level was related to a decreased
susceptibility of GSD among the middle-aged and older-
aged groups. This finding indicates that age is an im-
portant factor to consider, and provides a sensible ex-
planation for the seeming paradox that the mean levels
of TC and LDL cholesterol were remarkably higher in
GSD cases than in controls, but negatively associated
with GSD risk after adjusting for multiple factors in the
cross-sectional study. Furthermore, subgroup analyses
added weight to the speculation that the inconsistencies
might arise from variations in the study population,
study design, lipid measurement methods, or mixed con-
trol deficiencies. The mechanism of how TC and LDL
cholesterol are implicated in GSD remains elusive; thus,
further functional experiments are warranted.
Another indispensable factor to consider is sex, which

has been widely accepted as a risk factor for GSD [3].
Subgroup analyses in the meta-analysis showed that
GSD risk was positively related to triglyceride in females
but not in males, and this result is in good agreement
with previous findings [26]. In addition, it was found
that TC, HDL cholesterol and LDL cholesterol had
stronger protective effects in females than in males.
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Observational studies have indicated that low levels of
testosterone are negatively associated with triglyceride,
but TC and LDL cholesterol were positively related to
HDL cholesterol in men [27]. Besides, it has been pro-
posed that estrogens increase the risk of GSD by upregu-
lating the hepatic secretion of biliary cholesterol, leading
to a rise in the cholesterol saturation of bile [28]. Estro-
gen administration could also increase and decrease
triglyceride and LDL cholesterol, respectively [29], sug-
gesting that sex hormones are involved in the associa-
tions between blood lipids and GSD.
Evidence has shown that patients who underwent

cholecystectomy might have different serum lipid pro-
files compared to those with gallstones [30, 31]. In this
study, TC and LDL cholesterol appeared to be negatively
associated with cholecystectomy, but not positively asso-
ciated with gallstones. Consistent with this, some studies
reported that GSD patients who underwent cholecystec-
tomy had decreased levels of TC and triglyceride and in-
creased level of HDL cholesterol [30], suggesting that
cholecystectomy can improve blood lipid levels. In con-
trast, Chacez-Tapia et al. [31] showed that GSD patients
after cholecystectomy had higher levels of LDL choles-
terol, triglyceride and TC, but a lower concentration of
HDL cholesterol than controls. The bile in the liver dir-
ectly enters the intestine after cholecystectomy, resulting
in faster bile acid circulation and thus exposing the en-
terohepatic system to a faster bile acid flux. Bile acid and
lipid metabolisms are functionally inter-related [32].
Therefore, more efforts should be made to further
understand the exact role of cholecystectomy on lipid
metabolism.
Genetic factors may also contribute to the relationship

between blood lipids and GSD risk. It has been sug-
gested that Q6404 and D19H polymorphisms in the
ATP binding cassette protein G5/G8 (ABCG5/G8) genes
are significantly related to higher concentrations of tri-
glyceride and lower concentrations of HDL cholesterol
[33]. Other genetic studies have also identified that the
variants in ABCG5/G8 genes are associated with the risk
of GSD [34]. ABCG5/G8 gene products function as a
half-transporter to promote cholesterol transport into
bile. In patients with GSD, the expression of ABCG5/G8
was upregulated and could affect the cholesterol super-
saturation of bile [35]. Besides, rare mutations in cyto-
chrome P450 family 7 subfamily A member 1 (CYP7A1)
gene also result in premature GSD and hypertriglyc-
eridemia [36], and the product of CYP7A1 gene catalyzes
the initial steps of cholesterol catabolism and cholic acid
synthesis.

Study strengths and limitations
The main strength of this study is that it provides the
most detailed assessment to date on the contribution of

serum lipid profiles to GSD. Based on the multi-center
cross-sectional study and meta-analysis with approxi-
mately 3 million participants, the association between
blood lipid metabolism and GSD risk was comprehen-
sively evaluated. However, this study has several limita-
tions. First, problems inherent in the design of cross-
sectional study should be noticed, and re-assessment of
prospective studies may be helpful to further elucidate
the role of lipids in gallstone formation. Second, it was
unable to define a unified analytical standard across the
included studies since the raw data could not be ob-
tained from all studies. To minimize bias, the adjusted
risk estimates were extracted and the risk estimates
under the high vs. low level model or per increasing unit
model were adopted. Third, some of the associations in
meta-analysis showed significant heterogeneity and bias.
Meta-regression analysis indicated that study design,
gender, geographic background, and quality of the in-
cluded studies might be the sources of heterogeneity.
Other factors, such as the adjustment of ORs, could also
lead to statistical heterogeneity. Sensitivity analysis indi-
cated that only one of the associations was changed after
excluding individual datasets.

Conclusions
In conclusion, this multi-center cross-sectional study
and meta-analysis provide updated extensive evidence
on the correlations between blood lipid metabolism and
GSD risk. The results imply that low HDL cholesterol
levels and high triglyceride levels are risk factors for
GSD. This study provides a basis for identifying the
population at high risk for GSD and also a possible way
for the prevention and control of GSD, that is, imple-
menting preventive intervention for patients with high
and low concentrations of triglyceride and HDL choles-
terol, respectively. Further preventive intervention trials
are needed to verify the effects of triglyceride and HDL
cholesterol on GSD.
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