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Causal association between
metabolic syndrome and
cholelithiasis: a Mendelian
randomization study

Qi Zhu, Yawei Xing, Yunfeng Fu, Xiaqin Chen, Langyi Guan,
Fogiang Liao and Xiaodong Zhou*

Department of Gastroenterology, Digestive Disease Hospital, The First Affiliated Hospital of Nanchang
University, Nanchang, China

Background: Metabolic syndrome (MetS) has been associated with digestive
system diseases, and recent observational studies have suggested an association
between MetS and cholelithiasis. However, the causal relationship between them
remains unclear. This study aimed to assess the causal effect of MetS on
cholelithiasis using Mendelian randomization (MR) analysis.

Methods: Single nucleotide polymorphisms (SNPs) of MetS and its components
were extracted from the public genetic variation summary database. The inverse
variance weighting method (IVW), weighted median method, and MR-Egger
regression were used to evaluate the causal relationship. A sensitivity analysis was
performed to ensure the stability of the results.

Results: IVW showed that MetS increased the risk of cholelithiasis (OR = 1.28,
95% Cl = 1.13-1.46, P = 9.70E-05), and the weighted median method had the
same result (OR = 1.49, 95% Cl = 1.22-1.83, P = 5.68E-05). In exploring the
causal relationship between MetS components and cholelithiasis, waist
circumference (WC) was significantly associated with cholelithiasis. VW
analysis (OR = 1.48, 95% Cl = 1.34-1.65, P = 1.15E-13), MR-Egger regression
(OR=1.62,95% Cl =1.15-2.28, P = 0.007), and weighted median (OR = 1.73, 95%
Cl = 147-2.04, P = 1.62E-11) all found the same results.

Conclusion: Our study indicated that MetS increases the incidence of
cholelithiasis, especially in MetS patients with abdominal obesity. Control and

treatment of MetS can effectively reduce the risk of gallstone formation.
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Introduction

Metabolic syndrome (MetS) is a common metabolic disorder that is
usually composed of a group of abnormal conditions, including
abdominal obesity, hypertension, hyperglycemia, an increased
triglyceride (TG) level, and a decreased high-density lipoprotein
cholesterol (HDL-C) level. The incidence of MetS has been
increasing, and the affected population gradually tends to be younger.
Studies (1, 2) have shown that the global incidence of MetS is 20% to
50% and reaches 50% in severely obese adolescents. MetS increases the
risk of cardiovascular disease, fatty liver disease, and type 2 diabetes and
is closely related to numerous digestive system diseases (3, 4).

Cholelithiasis is an increasingly common digestive system
disease. Approximately 10%-20% of adults have cholelithiasis,
and 20% of patients will develop complications (5-7), such as
cholecystitis, cholangitis, pancreatitis, gallbladder perforation, and
sepsis. Cholelithiasis and its complications increase the cost of
health care, the economic burden on society, and even threaten
people’s lives. Because both MetS and cholelithiasis are closely
associated with type 2 diabetes (8, 9), their relationship has
received widespread attention in recent years. Previous studies
(10-12) have shown a significant association between MetS and
cholelithiasis, and some studies (11, 12) have even hypothesized
that cholelithiasis should be a component of MetS. However, these
studies are retrospective, and there is an inevitable bias. The
association between MetS and cholelithiasis in retrospective
studies is susceptible to confounding factors such as small sample
size, limited follow-up time, and reverse causality, which may lead
to biased conclusions (13).

Mendelian randomization is a novel statistical method that
minimizes confounding effects and backward effects, providing
reliable evidence for a causal relationship between the metabolic
syndrome and cholelithiasis (14, 15). If exposure variables (MetS)
affect outcome variables (cholelithiasis), then genetic variation in
MetS traits should affect the occurrence of cholelithiasis to some
extent when pleiotropy is excluded. Since the causal relationship
between MetS and cholelithiasis has not been fully elucidated, in
this study we applied MR analysis to assess the causal impact of
MetS on cholelithiasis and to provide constructive suggestions for
the prevention of cholelithiasis.

Selected instrument
variables (SNPs)

)

Confounding factors
~——

Metabolic
syndromes

(Exposure variable)
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Materials and methods

Overview of Mendelian
randomization analysis

Mendelian randomization (MR) analysis, which uses single
nucleotide polymorphisms (SNPs) as instrumental variables (IVs)
to control for the effects of confounding factors, is increasingly used
to infer causal relationships between risk factors and diseases (16).
MR analysis uses summary statistics from a genome-wide association
study (GWAS) with a large number of genetic variants to extract
SNPs associated with exposure (e.g., MetS) and outcome variables
(e.g., cholelithiasis). Because genotypes are determined before birth
and follow random assortment during meiosis (17), MR analysis can
effectively overcome confounding factors to determine the causal
relationship between exposure and outcome. IVs in MR analysis need
to satisfy three core assumptions (18) (1): The selected genetic
instrument needs to be strongly correlated with the exposure
variable (2); there is no association between the genetic instrument
and any confounding factors; and (3) the genetic instrument and the
outcome have no common cause and affect the outcome only through
the exposure variable (Figure 1).

Instrumental variables associated with
MetS and components

We extracted IVs from the latest GWAS summary-level data
and performed a two-sample MR analysis to explore the causal
effect of MetS on cholelithiasis. For metabolic syndrome, genetic
instruments are based on the latest data from the Complex Trait
Genetics Lab (CTG), which contains 461,920 valid subjects of
European ancestry and identifies genetic variation in metabolic
syndrome through the structural equation modeling method (19).
IVs are determined by the following criteria (1): SNPs with genome-
wide significance (P <5 x 107%) (2); we use the PLINK algorithm to
remove linkage disequilibrium (r* threshold = 0.001 and clumping
distance = 10,000 kb) (3); removal of SNPs associated with
confounding factors (4); harmonizing processes were conducted
to exclude ambiguous and palindromic SNPs (5); removal of SNPs

Cholestasis
(outcome variable)

FIGURE 1
Three hypotheses of Mendelian randomization.
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containing pleiotropy. Therefore, a total of 155 SNPs were included
in the Mendelian randomization analysis in our study. Table 1
shows more details of the instrumental variables, and an F-statistic
greater than 10 indicates that the instrumental variables have a
strong potential to predict cholelithiasis (20).

Genetic variation data for metabolic syndrome components
were extracted from the comprehensive GWAS and were all
screened according to previous criteria, and the F-statistic of all
genetic instruments is greater than 10 (Table 1). We extracted
genetic instruments for fasting blood glucose (FBG) from the
database, which contains 58,074 participants of European
ancestry, and the data were adjusted for BMI (21). After
screening, 18 SNPs were strongly associated with fasting glucose
and included in the analysis.

We extracted genetic instruments for waist circumference (WC)
from the Medical Research Council Integrative Epidemiology Unit
(MRC-IEU) UK Biobank GWAS Pipeline, which included 462,166
subjects with European ancestry, and 304 SNPs were included in the
analysis after screening.

For hypertension, also extracted from the MRC-IEU UK
Biobank pipeline, the data sample consisted of 119,731 cases and
343,202 controls; all participants were of European ancestry; and 83
SNPs were included in the analysis after screening.

For HDL-C and TG, summary statistics were obtained from the
Global Lipids Genetics Consortium (GLGC), which consists of
multiracial participants, but 96% of them are of European
ancestry (22). After a series of screenings, 63 SNPs and 40 SNPs,
respectively, were finally included in the analysis.

GWAS summary-level data
for cholelithiasis

We extracted genetic variation data for cholelithiasis from the
FinnGen Consortium. The summary-level statistics are from a large

TABLE 1 Overview of data sources and strength analysis.

Sample size

10.3389/fendo.2023.1180903

study involving 19,023 cases and 195,144 controls, all of European
ancestry. In this large study, cases of cholelithiasis were diagnosed
based on the International Classification of Diseases, 10th Revision
(ICD-10) and code K80 definitions (Table 1). Adjustments were
also made for sex age and genotyping batches using strict SNP
inclusion criteria (MAF >1%).

MR analysis method

In our study, we used three methods, including inverse variance
weighting (IVW), MR-Egger regression, and weighted median,
respectively, applied to the two-sample MR analysis to estimate
the causal relationship between MetS and cholelithiasis. Our
primary analysis was estimated with the use of the IVW method,
which is a method of combining the Wald ratio of each SNP for the
outcome to obtain a pooled causal estimate (23). The MR-Egger
regression allows testing for unbalanced pleiotropy and
considerable heterogeneity (24). The weighted median method
provides consistent effect estimates when at least half of the
weighted variance provided by horizontal pleiotropy is valid (25).
MR-Egger and weighted median methods were used to supplement
IVW estimation because these methods can provide more robust
estimates in a wider range of scenarios but are less effective. In
addition, sensitivity tests were performed to ensure the stability of
the analysis results. Sensitivity analysis methods included Cochran’s
Q test, funnel pot, leave-one-out (LOO) analyses, and MR-Egger
intercept tests. Specifically, heterogeneity was observed with a P-
value of less than 0.05 by Cochran’s Q test. The intercept derived
from the MR-Egger regression assessed horizontal pleiotropy. LOO
tests are used to determine whether a single SNP determines the
inference of causal association by repeating the IVW analysis by
dropping each SNP associated with exposure in turn. MR-PRESSO
was used to detect outliers and to assess and correct for horizontal
pleiotropy (26).

Exposure Ancestry Data sources R2 (%)  F-statistic Web source
(case/control)
https://ctg. .nl/soft /
Metabolic syndrome European 461,902 Jorim J. Tielbeek et al. 091 3827 pictgenct.i _90_ ware
summary_statistics
https://gwas.mrcieu.ac.uk/datasets/
FBG E 58,074 Alisa K Manni t al. 2.67 41.50
uropean isa anning et al <bi-2-GCST005186/
https://gwas.mrcieu.ac.uk/dataset
wc European 462,166 MRC-IEU 0.95 4173 psi/lgwas.mrcieu.ac.uk/datasets/
ukb-b-9405/
Hypertension European 119,731/343,202 MRC-IEU 1.00 46.41 https://gwas.mrcieu.ac.uk/
https: .mrcieu.ac.uk/dataset:
HDL-C Mixed (96% European) 187,167 GLGC 1.70 5152 psi/lgwas.mrcieu.ac.uk/datasets/
ieu-a-299/
https: S. ieu.ac.uk/dataset
Triglycerides Mixed (96% European) 177,861 GLGC 1.68 49.73 psi/lgwas 'mrc1eu ac.ul/datasets/
ieu-a-302/
Cholelithiasis European 19,023/195,144 FinnGen Consortium / / https://www.finngen.fi/fi

MetS, metabolic syndrome; FBG, fasting blood glucose; WC, waist circumference; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol.
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Statistical analysis

Bonferroni-corrected P-values of 0.008 (0.05/6 = 0.008) were
used to determine statistical significance in the MR analysis; P <0.008
was considered statistically significant, and all P-values are two-tailed.
MR estimates were presented as odds ratios (OR) and corresponding
95% confidence intervals (CI). R* was calculated to represent the
proportion of the variance of exposure factors explained by
instrumental variables. F-statistics were calculated to represent the
strength of the association between instrumental variables and
exposure factors (Table 1). All analyses were performed by the
packages TwoSampleMR (version 0.5.6) in R software (version 4.2.2).

10.3389/fendo.2023.1180903

Results

Causal effects of metabolic syndrome
and cholelithiasis

After the SNP clumping step using the PLINK algorithm, we
removed SNPs associated with the outcome and SNPs with
palindromic structure, and finally, 155 SNPs closely related to
MetS were included in the final MR analysis. The findings of MR
analysis and sensitivity analysis are presented in Table 2, and scatter
and forest plots are presented in Figures 1, 2. They both indicate a
positive causal relationship between MetS and gallstone disease.

TABLE 2 Association of MetS and its components with cholelithiasis in MR analysis.

Cochran

. . MR-PRESSO
Exposure Method OR (95%Cl) P-value Q test Egger_intercept  P-Egger_intercept P-value
P-value
Metabolic
0.545
syndrome
MR Egger 1.16 (0.77-1.75) 0.486 0.529 0.00183 0.606
Weighted median 1.49 (1.22-1.83) 5.68E-05
Inverse variance
i 1.28 (1.13-1.46) 9.70E-05 0.546
weighted
FBG 0.306
MR Egger 0.93 (0.65-1.33) 0.688 0.270 0.00458 0.536
Weighted median 0.90 (0.71-1.15) 0.420
I .
nverse variance 1.03 (0.86-1.23) 0.787 0303
weighted
wC 0.942
MR Egger 1.62 (1.15-2.28) 0.007 0.935 —-0.00130 0.614
Weighted median 1.73 (1.47-2.04) 1.62E-11
I .
frverse varlance 148 (1.34-1.65) 1.15E-13 0.939
weighted
Hypertension 0.798
MR Egger 0.86 (0.45-1.67) 0.659 0.786 0.00194 0.497
Weighted median 1.20 (0.80-1.78) 0.377
Inverse variance
i 1.07 (0.84-1.36) 0.604 0.794
weighted
TG 0.928
MR Egger 0.94 (0.80-1.11) 0.502 0.928 0.00311 0.401
Weighted median 0.98 (0.85-1.13) 0.756
Inverse variance
X 1.00 (0.91-1.10 0.996 0.930
weighted
HDL 0.616
MR Egger 1.01 (0.87-1.17) 0.924 0.582 —-0.0009 0.788
Weighted median 0.99 (0.87-1.12) 0.819
Inverse variance
i 0.99 (0.92-1.07) 0.803 0.615
weighted

MetS, metabolic syndrome; FBG, fasting blood glucose; WC, waist circumference; TG, triglycerides; HDL-C high-density lipoprotein cholesterol.
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The scatter plots for MetS and its components. (A) Scatter plot of MetS and cholelithiasis; (B) Scatter plot of FBG and cholelithiasis; (C) Scatter plot of
WC and cholelithiasis; (D) Scatter plot of hypertension and cholelithiasis; (E) Scatter plot of TG and cholelithiasis; (F) Scatter plot of HDL-C and
cholelithiasis. MetS, metabolic syndrome; FBG, fasting blood glucose; WC, waist circumference; TG, triglycerides; HDL-C, high-density lipoprotein

cholesterol

The results of IVW analysis (OR = 1.28, 95% CI = 1.13-1.46, P =
9.70E-05) and weighted median analysis (OR = 1.49, 95% CI =
1.22-1.83, P = 5.68E-05) showed that MetS increased the risk of
cholelithiasis. Although not statistically significant, the MR-Egger
results (OR = 1.16, 95% CI = 0.77-1.75, P = 0.486) still suggest that
MetS raises the risk of cholelithiasis (Table 2). The MR-Egger (P =
0.529) and IVW (P = 0.0.546) P-values of the Cochran Q-test
indicated no heterogeneity in our results, and no significant MR-
Egger intercept values (intercept = 0.00183; P = 0.606) were
observed. Furthermore, the MR-PRESSO (global test P-value =
0.545) results also showed no directional pleiotropy in our results.
The funnel plots were symmetrical (Supplementary Figure S1),
and in the leave-one-out sensitivity analysis, no single SNP was
observed to significantly affect the overall results (Supplementary
Figure S2), all of which support the stability of the results of our
MR analysis.

Causal relationship between components
of metabolic syndrome and cholelithiasis

In exploring the causal relationship between components of the
metabolic syndrome and gallstone disease, we used 18 FBG variants,

Frontiers in Endocrinology

304 WC variants, 183 hypertension variants, 63 HDL-C variants, and
40 TG variants as genetic instruments for exposure factors,
respectively, after excluding unavailable SNPs and palindromic
SNPs from the summary-level dataset. The results of the MR
analysis showed a causal relationship between WC and
cholelithiasis. The IVW method (OR = 1.48, 95% CI = 1.34-1.65, P
= 1.15E-13), the MR-Egger method (OR = 1.62, 95% CI = 1.15-2.28,
P =0.007), and the weighted median method (OR = 1.73, 95% CI =
1.47-2.04, P = 1.62E-11) all suggest statistically significant results and
in the same direction, suggesting that an increase in waist
circumference raises the risk of cholelithiasis (Table 2). Similarly,
the results were found in scatter plots (Figure 1) and forest plots
(Figure 2). In addition, the Cochran Q test (IVW, P = 0.939; MR-
Egger, P = 0.935) did not suggest significant heterogeneity, and no
pleiotropy was observed with the MR-Egger intercept test (intercept =
—0.00130; P = 0.614) or the MR-PRSSON test (Global Test P-value =
0.942). The funnel plots (Supplementary Figure S1) and leave-one-
out method (Supplementary Figure S2) also reveal the reliability of
the results. The remaining four components were not statistically
significantly associated with cholelithiasis (Table 2). Although the P-
values were not statistically significant, FBG, hypertension, and TG
still tended to increase the risk of cholelithiasis, while HDL-C tended
to decrease the risk (Figure 3).
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FIGURE 3

Odds ratio plot for MetS and its components.

Discussion

To the best of our knowledge, this is the first study to assess the
causality between MetS and its components and cholelithiasis on a
large scale using MR analysis. The results showed that MetS and
waist circumference were significantly associated with cholelithiasis.
Sensitivity and pleiotropy analyses indicated that our results
were stable.

A new study (27) found that MetS showed a strong association
with the incidence of cholelithiasis. A cross-sectional study (12) has
shown that the presence of MetS was associated with an increased
risk of cholelithiasis, and WC, as a component of the metabolic
syndrome, was the most important factor associated with the risk of
cholelithiasis, which is consistent with our findings. Furthermore, in
another study (10), a positive correlation was found between the
number of metabolic syndrome components and the prevalence of
cholelithiasis in men, while no such trend was observed in women
with MetS. In contrast, the latest study (28) showed that the greater
the number of metabolic components present, the higher the risk of
cholelithiasis in both men and women. This difference may be
attributed to bias due to confounding factors in observational
studies. Notably, since MR was analyzed at the genetic level, our
study minimized the effects of confounding factors such as the
external environment, lifestyle, and dietary habits.

WC has been shown to be the best anthropometric measure of
visceral adipose tissue mass with an approximate linear correlation
and is a reliable indicator of abdominal obesity (29). Obesity is a
cornerstone of MetS and an important risk factor for cholelithiasis.
Several studies (30-32) have revealed a significant correlation
between obesity and gallstone disease, and obesity is associated
with the development of gallstone disease in patients with type 2
diabetes (31). This increased risk may be due to the presence of

Frontiers in Endocrinology

cholesterol, and obesity increases hepatic cholesterol secretion (30),
leading to bile supersaturation and ultimately gallstone formation.
In addition, Mendelian studies (33) have shown a causal
relationship between elevated BMI and an increased risk of
symptomatic cholelithiasis.

In our study, we screened 155 SNPs that were strongly
associated with MetS, and our results showed a positive causal
association between MetS and cholelithiasis in both IVW and
weighted median analyses. In addition, in its component analysis,
we also found that abdominal circumference significantly increased
the occurrence of cholelithiasis. In contrast, FBG, hypertension, TG,
and HDL-C were not causally associated with cholelithiasis,
although some observational studies (34-38) suggest an
epidemiological link between them. These results all imply that
the causal association between MetS and cholelithiasis may be
mediated by obesity.

Most previous studies have been retrospective, which inevitably
produces confounding factors, and randomized controlled trials can
be time- and resource-intensive and add to the research burden.
Our study has several strengths: First, our use of an MR study
design effectively avoids confounding factors and reverses causality
measurement errors. Second, we used comprehensive GWAS
summary-level data on the MetS and its components and
therefore had high investigative power. Finally, we applied a
series of sensitivity analyses to increase the credibility of our results.

But there are some limitations worth noting. Firstly, Europeans
form a major part of our study, making it difficult to generalize the
results to other ethnic groups with different lifestyles. Secondly, the
dataset we used did not allow for stratified analysis, and future
subgroup analyses should be conducted to further explore the
causal relationship between MetS and different types
of cholelithiasis.
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Conclusion

In conclusion, our study strengthens the evidence for a
causal relationship between MetS and cholelithiasis. In clinical
practice, the occurrence and development of cholelithiasis in
patients with MetS should be considered. It is necessary to
strengthen the management of MetS and timely screen for
cholelithiasis, especially in obese patients with a large
waist circumference.
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