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HIGHLIGHTS

* Genetic analysis shows HDL mediates 7.3 % of BMI’s impact on cholelithiasis risk.

* Triglycerides contribute 3.5 % to BMI’s effect on cholelithiasis, according to genetic evidence.
* Targeting HDL & Triglycerides may reduce cholelithiasis risk in individuals with high BML.

* Study reveals novel insights into BMI-associated cholelithiasis mechanisms.

ARTICLE INFO ABSTRACT

Keywords: Background and purpose: The extent to which the effects of BMI on cholelithiasis are mediated by metabolic factors
Body mass index (BMI) (including blood pressure, blood lipids, body mass, and fasting blood glucose) is unclear. Therefore, in this study,
Metabolic factors the authors used genetic evidence to test the effects of these characteristics.

?}fﬁﬁiﬁam Methods: Summary-level data for exposures and main outcomes were extracted from GWAS consortia. The authors

used a two-step, two-sample Multivariable Mendelian Randomization (MVMR) analysis to illustrate the effect of
BMI on cholelithiasis and a stepwise test method to quantify the possible mediating effects of cardiometabolic fac-
tors on cholelithiasis.

Results: For each one-unit logarithmic increase in body mass index, the risk of cholelithiasis increased by 98 %
(Odds Ratio [OR = 1.98], 95 % CL: 1.73 %-2.28 %). After mediation analysis, the authors found that high-density
lipoprotein and triglycerides were the main mediating factors, while the mediating effects of other metabolic fac-
tors were not significant. The total effect ratios of HDL and TG on cholelithiasis were 7.3 % (95 % CI: 8.51 %-
12.85 %) and 3.5 % (95 % CI: 3.59 %-6.50 %), respectively. HDL and TG played a significant role in regulating
cholelithiasis, but there was no evidence to show the regulatory effect of LDL on cholelithiasis. The total effects of
BMI and triglycerides on cholelithiasis were 10.7 % and 5.0 %, respectively.

Conclusion: The authors found that among the metabolic factors evaluated, the decrease of HDL and the increase
of TG mediated a high proportion of the effect of BMI on cholelithiasis. Therefore, intervention with these factors
may reduce the increased risk of cholelithiasis in patients with high BMI.

Mendelian randomization study

Introduction Recently, the increase in the incidence of cholelithiasis coincided

with the global epidemic of obesity, which suggests that higher BMI

Cholelithiasis, a prevalent biliary disease, is primarily caused by gall-
stone obstruction of the cystic duct, leading to bile stasis and inflamma-
tion.’ Elderly patients are particularly vulnerable, with an increasing
incidence of acute cholelithiasis accompanied by a rise in complications,
admissions, readmissions, and mortality.>> Therefore, early detection of
patients with cholelithiasis and effective intervention can greatly
improve the prognosis of patients.
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may be an independent, potential and preventable risk factor for choleli-
thiasis.” The imbalance between pro-inflammatory and anti-inflamma-
tory responses induced by obesity is one of the mechanisms for the
deterioration of cholelithiasis.® Second, obese people are prone to devel-
oping chronic diseases closely related to poor lifestyles. Large-scale pro-
spective population studies have shown that a higher BMI is associated
with poor blood lipid levels, higher fasting blood glucose, and
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hypertension.® Randomized controlled trials” have shown that elevated
triglycerides, low-density lipoprotein, cholesterol, glucose, and blood
pressure increase the risk of cholelithiasis. Therefore, the association
between BMI and cholelithiasis may be mediated by these identified
modifiable risk factors. Based on this, exploring treatment strategies
other than weight control is very important for the management of
patients with high BMI. Understanding whether these risk factors play a
role in the effect of BMI on cholelithiasis will provide new intervention
targets for patients with high BMI to reduce the excessive risk of choleli-
thiasis.

However, due to unknown or unmeasured confounding factors, the
most frequently used observational studies have been criticized for their
weakness in proving causality. In addition, a well-designed Randomized
Controlled Trial (RCT) is time-consuming and expensive, and it requires
consideration of important ethical factors. Therefore, whether this inter-
mediary effect is causal is still largely unknown.

Mendelian Randomization (MR) is a genetic epidemiological method
that uses genetic variation as an instrumental variable to assess the
potential associations between risk factors and outcomes.® MR is widely
used to study the potential effects of exposure on outcomes.’ In the two-
sample MR method, the genetic variation of exposure and outcomes are
extracted from different datasets, which increases statistical validity.
Therefore, over the past decade, MR has increasingly been used to pro-
vide more reliable estimates of the effects of many risk factors on a range
of health outcomes, and the results of MR are very similar to those of
randomized controlled trials (such as those on the effects of HDL'® and
TG'' on cholelithiasis) due to the rapid increase in genetic research and
genomics and the widespread use of bioinformatics. Now, a method has
been developed to test mediation using a two-step method, which
greatly reduces the inherent limitations of common multivariable
methods."?

Previous MR studies have shown the potential effects of BMI and
metabolic factors on cholelithiasis,'®'* but none of them have quanti-
fied the mediating effects of those factors. Therefore, to understand how
much of the effect of BMI on cholelithiasis is mediated by metabolic fac-
tors, the authors conducted a two-step, two-sample multivariable MR
study. The purpose of this study was to assess the mediating effects of
metabolic factors, including fasting blood glucose, hypertension, LDL,
HDL, and TG, on cholelithiasis by analyzing data from a Genome-Wide
Association Study (GWAS) from the International Genetic Alliance
(IGA).

Methods
Overall study design

The two-step, two-sample Mendelian Randomization (MR) study uti-
lized publicly available datasets to investigate the genome-wide associa-
tions between exposure and outcome factors. The two-sample MR
approach allows us to estimate exposure-variant associations in one
dataset and outcome-variant associations in a separate dataset.

First, the authors tested the effects of BMI on cholelithiasis using
genetic variants associated with BMI from one dataset as instrumental
variables. Then, to examine the potential mediating role of cardiovascu-
lar metabolic factors, the authors performed a two-step MR analysis.

In step one, the authors utilized the first dataset to examine the asso-
ciations between BMI-associated genetic variants and potential media-
tors.

In step two, the authors leveraged a second, independent dataset to
investigate and quantify the potential mediating role of these cardiovas-
cular metabolic factors in the relationship between BMI-associated
genetic variants and cholelithiasis. By analyzing these two separate data-
sets, the authors were able to assess the mediating effects while minimiz-
ing potential biases that may arise from using a single dataset.
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Data sources

Genetic instrumental variables for BMI

From the latest genome-wide association study of BMI available on
the GWAS website (https://gwas.mrcieu.ac.uk/datasets/ukb-b-19953/),
the authors identified 458 SNPs (p < 5 x 10~®) that independently con-
tributed to BMI in a primary meta-analysis of genetic variation of more
than 12 million individuals of European ancestry. Based on the low cor-
relation (R? < 0.001) in HapMap22 or 1000 Genome Project data, these
variants are defined as independent of each other.

Genetic instrumental variables for potential mediators

A total of five metabolic factors, including blood pressure, blood lip-
ids, and fasting blood glucose, were selected as potential mediators.

For these potential intermediaries, the authors obtained data from
the online public GWASs of participants of European descent provided
by UK Biobank and MRC-IEU (http://Gwas-api.mrcieu.ac.uk/) using the
‘TwoSampleMR’ package of R software version 4.3.1 (R Consortium,
Boston, Massachusetts). The authors obtained genetic variations in high-
density lipoprotein, low-density lipoprotein, and total cholesterol from
441,016 European participants. For fasting blood glucose and hyperten-
sion, SNPs were extracted from GWASs, which included 13,556 and
463,010 European participants, respectively.

Data on cholelithiasis

The authors extracted genetic variation data for cholelithiasis from
the UK Biobank Consortium (https://gwas.mrcieu.ac.uk/datasets/ieu-b-
4971/). The summary-level statistics are from a large study involving
4052 cases and 48,232 controls, all of European ancestry. In this large
study, cholelithiasis was diagnosed based on the International Classifica-
tion of Diseases, 10th Revision (ICD-10) and code K80 definitions.

Statistical analysis

Effect of BMI on cholelithiasis

The effects of BMI on cholelithiasis were estimated using a two-sam-
ple MR analysis.'® As an indication of the strength of the association
between genetic instruments and phenotypes, the authors report the
proportion of variation in BMI and all mediators explained by their
genetic variant instruments. The proportion of the BMI—Cholelithiasis
effect that is explained by a group of mediators will be estimated with
bias if the mediators are related to each other and/or if the outcome has
an effect on the mediator (i.e., there is reverse causality), and the instru-
ment affects the mediators through the outcome. Therefore, the authors
tested for potential bidirectional effects of BMI, potential mediators, and
cholelithiasis with each other using the Inverse-Variance Weighting
(IVW) approach described below. The results are shown as Odds Ratios
(ORs) and 95 % Confidence Intervals.

Effects of BMI on metabolic factors

Similarly, the authors used two-sample MR to estimate the effect of
BMI on each cardiometabolic factor. The results were expressed as the
coefficients and 95 % ClIs. Since some cardiometabolic factors are
derived from the same database, it is important to use Bonferroni correc-
tion thresholds, where p < 0.05 is considered a potential association and
p > 0.05 indicates no significant relationship with BMI.

Effects of metabolic factors on cholelithiasis

Then, the effects of each metabolic factor on cholelithiasis were eval-
uated again using two-sample MR methods. The results show the use of
OR and 95 % CI; p < 0.05 was considered indicative of a potential associ-
ation. Cardiometabolic factors that did not meet the p < 0.05 criteria
were excluded.


https://gwas.mrcieu.ac.uk/datasets/ukb-b-19953/
http://Gwas-api.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/datasets/ieu-b-4971/
https://gwas.mrcieu.ac.uk/datasets/ieu-b-4971/
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Mediation effects of metabolic factors

To calculate the mediating effects of cardiometabolic factors, the
estimated effects of BMI on metabolic factors were multiplied by the
estimated effects of cardiometabolic factors on cholelithiasis to obtain
the individual mediating effects of each cardiometabolic factor. The
authors then divided the mediating effect by the total effect of BMI on
cholelithiasis to obtain the mediating ratio of each mediating agent,
thus obtaining the possible effect of BMI on cholelithiasis.

Sensitivity analyses

The authors used Inverse-Variance Weighting (IVW) methods to
examine potential effects between BMI, potential mediators, and choleli-
thiasis. Horizontal pleiotropy, in which genetic variants influence out-
comes through pathways other than exposure, violates MR’s
assumptions and may lead to bias in estimates. To prevent this from hap-
pening, the authors used a two-step approach, in which five different
analytical methods were used in the first step (effect of BMI on Choleli-
thiasis and potential mediators) and the second step (effect of potential
mediators on Cholelithiasis). Each of the five approaches assumes a dif-
ferent model of horizontal pleiotropy. The value of comparing the
results of these five methods is that the authors can be more confident of
consistent results between the different methods.

To estimate the effect of BMI on cholelithiasis, taking into account
the potential mediators determined by genetics, the authors used the
IVW method and adjusted the potential mediation effect of each SNP.'®
The proportion of the effect mediated by any underlying mediator is esti-
mated by the change in the total effect of genetically determined BMI on
cholelithiasis risk, which assumes that the mediator is a continuously
measured variable.

R version 4.3.1 (the R Foundation for Statistical Computing, Vienna,
Austria), including the ‘TwoSampleMR’ and ‘MendelianRandomization’
packages, was used for all of the above analyses. The calculation rules of
Se are derived from the normal distribution error of the Gaussian distri-
bution equation suitable for different cases, such as addition, subtrac-
tion, multiplication, and division.

Results

The present study conducted a primary meta-analysis of genetic vari-
ation in over 12 million individuals of European ancestry to identify
SNPs associated with BMI. Specifically, a total of 458 SNPs

Methods Outcome  Sample_size

Cholecystitits 432

MR Egger n

Weighted median

Inverse variance weighted

Simple mode

Weighted mode n
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(p < 5 x 10™®) were found to independently contribute to BMI. In addi-
tion, the authors analyzed genetic variations in high-density lipoprotein,
low-density lipoprotein, and total cholesterol among a subset of
441,016 European participants. For fasting blood glucose and hyperten-
sion, SNPs were extracted from separate Genome-Wide Association
Studies (GWASs), which comprised 13,556 and 463,010 European par-
ticipants, respectively.

The study population had an average age of 48 years, ranging from
19 to 82 years. The gender distribution was approximately 58 % male
and 42 % female, reflecting a broad representation of the European
ancestry population.

Selected SNPs for BMI

After excluding SNPs that did not meet the criteria for genome-wide
significance (p < 5 x 107®) and clusters of SNPs with linkage disequilib-
rium (r2 < 0.001), this study ultimately selected 458 SNPs associated
with BMI. Furthermore, these SNPs have F statistics greater than 10.

Total effect of BMI on cholelithiasis

The present study showed the total effect of BMI on cholelithiasis
(Fig. 1). One unit logarithmic in BMI increased the risk of cholelithiasis
by 98 % (OR = 1.98,95 % CI 1.73-2.28, p < 0.001).

Effect of BMI on metabolic factors

Fig. 2 shows a one-unit logarithmic increase in BMI is associated with
a one-SD increase in TG (f = 0.26, 95 % CI: 0.22-0.29, p < 0.001) and
hypertension (f = 0.04, 95 % CI: 0.06-0.08, p < 0.001) and a one-SD
decrease in LDL (f = —0.09, 95 % CI: —0.14; —0.04, p < 0.001) and
HDL (f = —0.32, 95 % CI: —0.36; —0.28, p < 0.001). A Bonferroni cor-
rected p-value threshold was used to indicate statistical significance for
those analyses. No effect of BMI on fasting blood glucose (p = 0.21) was
found.

Effects of metabolic factors on cholelithiasis

Fig. 3 shows the estimate of the effect of a one-SD increase in each
metabolic factor on cholelithiasis after adjusting for BMI. The estimated
log odds of cholelithiasis for a one-SD increase in LDL, HDL, TG, fasting
blood glucose and hypertension were 0.81 (95 % CI: 0.68-0.96,

OR(95%CI) P-value
1.292(0.890-1.874)  0.179
1.772(1.424-2.206)  2.91e-07
1.984(1.730-2.276)  1.39e-22
1.838(0.855-3.815)  0.103
1.356(0.833-2.208)  0.222

T T
05 1 1.5

Fig. 1. Estimates of casual effect of body mass index (BMI) on cholelithiasis in MR analysis.
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Beta(95%Cl) P-value

-0.090(-0.137 t0-0.043) 0.000184

-0.323(-0.361 t0-0.284) 3.87e-61

. 0.257 (0.222 to 0.293)

3.06e-46

0.040(-0.022 to 0.102)  0.207

0.069 (0.063 to 0.075)  5.43e-122

f T
-0.4 0

0.3

Fig. 2. Estimates of casual effect of body mass index (BMI) on metabolic factors in MR analysis.
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Beta(95%Cl) P-value

0.805(0.676-0.959) 0.015

0.797(0.709-0.895) 0.000131
1.144(1.005-1.301) 0.042

1.021(0.715-1.458) 0.911

0.960(0.294-3.130) 0.946
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Fig. 3. Estimates of casual effect of metabolic factors on cholelithiasis in MR analysis.

p = 0.015), 0.80 (95 % CI: 0.71-0.90, p < 0.001, 1.14 (95 % CI: 1.00-
1.32, p < 0.001), 1.02 (95 % CI: 0.72-1.46, p = 0.911), and 0.96 (95 %
CL: 0.29-3.13, p = 0.946), respectively.

The mediating role of metabolic factors in cholelithiasis

After excluding the metabolic factors that were not causally influ-
enced by BMI and those that did not demonstrate a clear association
with cholelithiasis, the authors chose LDL, HDL, and TG for mediation
analysis.

Table 1 shows the proportion of effects of BMI on cholelithiasis medi-
ated by each metabolic factor included in the intermediary analysis.

Table 1
Mediation effect of BMI on cholelithiasis via metabolic factors.

Mediation effect (%) Mediation/Total effect (%) 95 % CI p
LDL 1.95 2.84 0.003; 5.673 0.317
HDL 7.32 10.68 8.511;12.852 <0.001
TG 3.46 5.05 3.588; 6.505 <0.001

Among the effects of BMI on cholelithiasis, the proportions mediated by
LDL, HDL, and TG were 2.8 % (0.003 %-5.7 %), 10.7 % (8.5 %-12.9 %)
and 5.0 % (3.6 %-6.5 %), respectively.

Discussion

In this large-scale multivariable MR study, the authors estimated that
each one-unit logarithmic increase in BMI increased the risk of choleli-
thiasis by 98 %. More importantly, the authors found that blood lipids
played an important mediating role in the risk of cholelithiasis in
patients with high BMI. In particular, HDL, as an important regulator,
accounted for 7.3 % of the additional risk of cholelithiasis. Therefore,
appropriate interventions for these mediating factors may reduce the
risk of cholelithiasis in most patients with high BMI.

BMLI, an indicator of general obesity, has been reported to be causally
associated with an increased risk of cholelithiasis by two MR
studies.'”'® However, BMI is a comprehensive index with varying appli-
cability to diverse populations, and numerous factors, including eating
habits and body composition, contribute to fluctuations in BMI. Conse-
quently, it is impracticable to precisely forecast the risk of cholelithiasis
based solely on BMLI. Prior to this, several studies have confirmed that a
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high BMI is associated with a high risk of cholelithiasis.'®*° Studies such
as the one by Littlefield have shown that the 10-year cumulative risk of
cholelithiasis in obese people (BMI >28.0 kg/m?) is 18.4 %, while the
10-year cumulative risk of cholelithiasis in overweight people (BMI >
24.0 kg/m?) is 10.9 %.>! This is consistent with the present results, but
observational studies are affected by many other confounding factors
and measurement errors, such as whether patients in the study have risk
factors associated with cholelithiasis such as diabetes, hyperlipidemia,
or obesity predisposition.”> Compared with observational studies, the
present results are more consistent with previous MR studies. One MR
study showed that a one-unit logarithmic increase in BMI was associated
with an increased risk of cholelithiasis (OR = 1.63, 95 % CI. 1.36-
1.96), abnormal LDL (OR = 0.79, 95 % CI: 0.70-0.90) and abnormal
HDL (OR = 0.95, 95 % CI: 0.85-1.06). However, that part of the study
did not further explore the possible intermediary effects.**

This study shows that the decrease in HDL and the increase of TG are
the main mediators of cholelithiasis in patients with high BMI. Previ-
ously, many observational studies have suggested that BMI is associated
with HDL and Triglycerides (TG).>**> However, few studies have inves-
tigated whether these metabolic factors play an intermediary role in the
risk of cholelithiasis in patients with BML>® The present study further
revealed that the mediating effects of the decrease of HDL and the
increase of TG accounted for 10.7 % and 5.0 % of the total effects,
respectively. It is suggested that clinical intervention on these factors
may help to reduce the risk of cholelithiasis in patients with high BML
At present, metabolic factors are still controversial as treatment targets
for the risk of cholelithiasis in patients with high BMI. Due to limitations
of the study design, sample size, or other factors, there is still not enough
evidence to show that drugs that reduce TG or increase HDL can reduce
the risk of cholelithiasis in patients with high BMI. These results demon-
strate a need for new large-scale randomized controlled trials to investi-
gate whether genes related to TG and HDL can be new therapeutic
targets for reducing the risk of cholelithiasis in patients with high BMI.

At present, most of the pathophysiological mechanisms of cholelithi-
asis in patients with high BMI are considered to be related to leptin.*’
Leptin is encoded by the obesity gene and is mainly secreted by white
adipocytes. The secretion level peaks at night and subsequently declines
rapidly, exhibiting a distinct circadian pattern. Certain research has
revealed a notable difference in serum leptin levels between patients
with cholelithiasis and healthy individuals. Nonetheless, this observa-
tion requires further validation through extensive clinical or animal
studies.>® However, the pathophysiological mechanism of metabolic fac-
tors such as TG and HDL in cholelithiasis is still unclear. Some studies®’
believe that high triglycerides can decrease the contractile function of
the gallbladder, lead to poor gallbladder emptying, and then crystallize
cholesterol in the gallbladder, leading to the occurrence of cholelithiasis.
HDL° plays a key role in reverse cholesterol transport, activating a vari-
ety of lipases and promoting lipid metabolism and decomposition, thus
reducing the risk of cholelithiasis in patients with high BMIL

The present research has several advantages. This study is the first
MR analysis of the mediating role of metabolic factors in the risk of cho-
lelithiasis in patients with high BML. In addition, the risk of reverse cau-
sality and confounding factors commonly seen in observational studies
was reduced by using SNPs as variables for metabolic factors and MR
methods. In addition, the included data sources for exposures and results
come from the largest GWAS to date, with large sample sizes and reliable
data. Moreover, the study is limited to the European population to
reduce the bias caused by demographic stratification.

However, there are still some limitations in this study. First, due to
the limited number of SNPs available, the analytical ability is relatively
low. Second, because the GWAS data used are mainly based on the Euro-
pean population, the generalizability of these conclusions is limited, so
it is necessary to verify these conclusions in other populations. Third,
the use of genetic IVs shows that the effects of exposure to results are
lifelong, which may be different from the actual situation. Finally, the
study showed that the connection between high BMI and cholelithiasis
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was partly achieved through HDL and TG mediation. However, there
may be other intermediary factors that the authors have not studied,
which need to be further studied and explored.

Conclusion

By using a two-step, two-sample MR analysis, this study presents
compelling evidence for the association between BMI and the develop-
ment of cholelithiasis. Furthermore, the results indicate that approxi-
mately 10.68 % of the additional risk of cholelithiasis in patients with
high BMI is mediated by TG while 5.05 % is mediated by HDL. The
authors believe that large-scale interventions targeting TG and HDL
could reduce a substantial proportion of cholelithiasis risk among
patients with high BML
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