
Page 1 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(15):818 | https://dx.doi.org/10.21037/atm-21-4007

Original Article

Causal associations between changes in lipid profiles and risk of 
gallstone disease: a two-sample Mendelian randomization study

Xiaofeng Yuan1,2#, Haitian Chen1,3#, Kaining Zeng1,3#, Jiaqi Xiao1,3#, Jiaqing Liu4, Guowang Lin5,  
Jiebin Zhang1,3, Tongyu Lu1,3, Jianye Cai1,3, Jia Yao1,3, Yingcai Zhang1,3, Xin Sui6, Jinliang Liang3,  
Jun Zheng1,3

1Department of Hepatic Surgery and Liver Transplantation Center, The Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China; 
2Department of General Intensive Care Unit, The Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China; 3Guangdong Key 

Laboratory of Liver Disease Research, Guangdong Province Engineering Laboratory for Transplantation Medicine, The Third Affiliated Hospital 

of Sun Yat-sen University, Guangzhou, China; 4Department of Medical Oncology, Sun Yat-sen University Cancer Center, Guangzhou, China; 
5Microbiome Medicine Center, Division of Laboratory Medicine, Zhujiang Hospital, Southern Medical University, Guangzhou, China; 6Department 

of Surgical Intensive Care Unit, The Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China

Contributions: (I) Conception and design: X Sui, J Liang, J Zheng; (II) Administrative support: None; (III) Provision of study materials or patients: 

None; (IV) Collection and assembly of data: X Yuan, H Chen, K Zeng; (V) Data analysis and interpretation: X Yuan, H Chen, K Zeng, J Xiao, J Liu, 

G Lin, J Zhang, T Lu, J Cai, J Yao, J Liang; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Xin Sui; Jinliang Liang; Jun Zheng. 600 Tianhe Road, Guangzhou, China.  

Email: drsuixin@126.com; ljlj73094@126.com; Zhengj67@mail2.sysu.edu.cn.

Background: Nonalcoholic fatty liver disease (NAFLD) has been linked to gallstone disease (GSD) in 
observational studies; however, the relationships between certain lipid profiles and GSD remain unclear.
Methods: We adopted a two-sample Mendelian randomization (MR) framework by applying different 
statistical methods to assess causalities between lipid profiles and GSD. We identified single-nucleotide 
polymorphisms (SNPs) for blood lipids and NAFLD from separate previous genome-wide association studies 
(GWASs). 
Results: We retrieved GSD SNPs attributed to 10,520 cases and 361,194 controls and validated our 
estimates using GWAS summary data from UK Biobank. We also performed sex-stratified analyses. Based 
on the summary estimates of 41, 59, 35, and 2 SNPs for low-density lipoprotein cholesterol (LDLC), high-
density lipoprotein cholesterol (HDLC), triglycerides (TGs), and NAFLD, respectively, we found no 
evidence of a causal relationship between genetically-predicted lipid profiles and GSD. The odds ratios were 
0.995 for LDLC [95% confidence interval (CI): 0.994–0.998] per 0.98 mmol/L, 0.999 for HDLC (95% CI: 
0.996–1.003) per 0.41 mmol/L, 0.997 for TGs (95% CI: 0.994–1.001) per 1 mmol/L, and 0.993 for NAFLD 
(95% CI: 0.984–1.003). No evidence of associations between lipid profile s and GSD in validation MR 
analyses or the sex-stratification analyses was noted. 
Conclusions: Genetically predicted hyperlipidemia or NAFLD is not causally associated with GSD. 
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Introduction

Gallstone disease (GSD), also known as cholelithiasis, is 
one of the most common and costly known gastrointestinal 
diseases (1-3) and affects 10.5–15% of the population in the 
developed world (4). The prevalence of GSD varies by race, 
with the highest (48%) seen among Native Americans and 
Hispanics, the lowest (5%) recorded in African populations, 
and midrange figures reported in Asian populations (5–20%) 
(5-10). GSD is the most common digestive disease leading to 
hospital admissions in Europe and the USA. An estimated 
1.8 million ambulatory care visits result in diagnosis 
of GSD annually, with an associated treatment cost of  
$6.2 billion in the USA (11). Complications of GSD include 
cholecystitis, cholangitis, and pancreatitis. In addition, 
GSD is an important risk factor for gallbladder cancer (12) 
and is associated with significant complications and poor 
patient prognosis. Consequently, reducing the prevalence 
of GSD may also yield benefits in the clinical treatment of 
gallbladder cancer.

It is known that obesity is a risk factor for GSD (1,2), and 
obesity tends to be associated with unhealthily high levels 
of blood lipids and fatty liver disease (3,4). The association 
between hyperlipidemia and GSD is, however, controversial. 
Several clinical studies, mostly observational investigations 
and systematic reviews, have reported a positive correlation 
between hyperlipidemia and GSD (13,14). However, an 
epidemiological study found that blood lipid profiles did not 
differ in patients with and without GSD (5). Meanwhile, 
Ferkingstad et al. reported that blood lipid levels of low-
density lipoprotein cholesterol (LDLC) are not causative 
factors in gallstone formation (15). Most obese individuals 
suffer from nonalcoholic fatty liver disease (NAFLD), and 
previous clinical retrospective observational studies have 
reported that NAFLD is an independent risk factor for 
GSD (16,17). Importantly, observational research can easily 
be influenced by confounding factors and sample size, and 
stronger evidence is needed to verify the relationship between 
lipid profiles in the blood or liver and GSD. Drugs to reduce 
lipid levels are widely used for asymptomatic GSD patients, 
but the use of these drugs is linked to many side effects, and 
further research is needed to guide treatment (18). 

Mendelian randomization (MR) is a useful method by 
which causal associations may be inferred through the 
adoption of genetic information such as single-nucleotide 
polymorphisms (SNPs) or copy number variations as 
instrumental variables to test for causality (19-21). MR takes 
advantage of the random segregation of alleles inherited by 

offspring from their parents during meiosis. An MR study 
is analogous to random allocation of the treatment in a 
randomized controlled trial and can overcome both reverse 
causation and confounding (22). In this study, we sought 
to identify any causal relationships between lipid profiles 
in the blood or liver and GSD using the MR method in 2 
steps. First, we used two-sample Mendelian randomization 
(TSMR) analysis to estimate the causal effect of lipid 
profiles on GSD. Second, we validated the estimates using 
one-sample MR analysis. We present the following article in 
accordance with the STREGA reporting checklist (available 
at https://atm.amegroups.com/article/view/10.21037/atm-
21-4007/rc).

Methods

Genome-wide association studies (GWASs) data of blood 
lipids

We selected genetic variants that were associated with 
blood lipids, including LDLC, high-density lipoprotein 
cholesterol (HDLC), and triglycerides (TGs), at a genome-
wide significance level in the Global Lipids Genetics 
Consortium (GLGC) (23) covering data from 60 studies. 
We selected summary estimates of 126 SNPs that (I) have 
been shown to be associated with blood lipids in the GLGC 
GWAS (P<5×10−8) and included 188,577 participants 
(90% European ancestry), and that (II) were independent 
variants, using data from the 1000 Genomes Project (linkage 
disequilibrium threshold of r2<0.001 and located 1 Mb 
apart from each other (Tables S1-S3). A detailed description 
of the statistical methods and quality-control efforts was 
provided in a previous publication by the GLGC (23). The 
effect sizes were calculated with respect to the effect allele 
per 1 standard deviation increase in the plasma lipid level 
(which was equal to 0.98 mmol/L for LDLC, 0.41 mmol/L 
for HDLC, and 1 mmol/L for TGs). 

GWAS data of NAFLD

NAFLD ranges from hepatic steatosis to steatohepatitis 
and, finally, to fibrosis. Computed tomography can be 
used to measure hepatic steatosis, while steatohepatitis 
or fibrosis must be assessed histologically. We selected 
the significant SNPs (P<5×10−8) associated with hepatic 
steatosis and histologic NAFLD from the largest-to-
date GWAS study (24,25). Patatin-like phospholipase 
domain-containing protein 3 (PNPLA3) rs738409 and 

https://atm.amegroups.com/article/view/10.21037/atm-21-4007/rc
https://atm.amegroups.com/article/view/10.21037/atm-21-4007/rc
https://cdn.amegroups.cn/static/public/ATM-21-4007-Supplementary.pdf
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transmembrane 6 superfamily member 2 (TM6SF2) 
rs58542926, the 2 strongest genetic predictors of NAFLD, 
were used as proxies for hepatic steatosis and histologic 
NAFLD (25). Because rs58542926 was not genotyped in 
most of the GWAS summary data used in this investigation, 
rs2228603 at the NCAN gene locus, which exists in strong 
linkage disequilibrium with rs58542926 (pairwise R2=0.76 
based on the phase III data of the 1000 Genomes Project in 
European individuals) and which is significantly associated 
with liver fat content (26), was used in place of TM6SF2 
rs58542926. 

GWAS data of LDLC, HDLC, TGs, and GSD in UK 
Biobank

We used data from UK Biobank, one of the largest available 
prospective cohort study databases, which includes more 
than 500,000 participants (aged 40–69 years) recruited 
between 2006 and 2010. The biochemical assays, genotyping, 
and follow-up of the study design have been published 
elsewhere (27). UK Biobank GWAS results are available for 
371,714 unrelated individuals of European ancestry from 
Neale Lab (http://www.nealelab.is/uk-biobank/). Genetic 
associations of both sexes in combination and individually, 
together with LDLC, HDLC, and TGs, were obtained for 
validation analyses, where the associations (sex, age, age-
squared, the interaction of sex and age, and the interaction 
of sex and age-squared) were discerned via multivariable 
linear regression adjusted for the first 20 principal 
components (28). The trait phenotypes for LDLC, HDLC, 
and TGs can be found on the UK Biobank showcase using 
codes 30780, 30706, and 30870, respectively. Unfortunately, 
the sample size for the NAFLD phenotype present in UK 
Biobank was insufficient for us to have any confidence in the 
results, so we did not make use of the NAFLD phenotype 
data from UK Biobank.

Genetic associations of both sexes in combination and 
individually with GSD were obtained from UK Biobank 
summary statistics provided by Neale Lab (Cambridge, MA, 
USA) as outcomes. The GSD phenotype could be found 
as part of the International Classification of Diseases, 10th 
revision code listings on the UK Biobank showcase using 
code 41202. 

Statistical analysis

The instrument variables were first assessed to discern 
whether they were robustly associated with their lipid traits 

by computing the proportion of variance explained and the 
F score values. For MR estimation with LDLC, HDLC, 
TGs, and NAFLD as the exposure variables and GSD as 
the outcome variable, MR-pleiotropy residual sum and 
outlier (MR-PRESSO) was used to identify and remove 
outliers at a P value <0.05. After dropping the outliers, 
we harmonized the summary data from the exposure 
and outcome parameters to ensure that the effect of an 
SNP on the exposure and the effect of the same SNP on 
the outcome each corresponded to the same allele (29). 
We employed 4 different methods to estimate the causal 
association between the lipid profiles and GSD: inverse 
variance-weighting (IVW) (random-effects model), MR-
Egger, weighted median, and simple median. We adopted 
Cochran’s Q test to assess the heterogeneity. In addition to 
the heterogeneity test, we used the MR-Egger regression 
method to test for horizontal pleiotropy (30). Heterogeneity 
can be revealed by a scatterplot, while horizontal pleiotropy 
can be represented by a forest plot and funnel plot. We 
considered the association as causal if the directions of 
the estimates were consistently determined by at least  
3 methods. Furthermore, we performed one-sample MR 
analyses using the LDLC, HDLC, TGs, and GSD GWAS 
summary data of combined genders from UK Biobank as 
a validation data set. To conduct sex-stratified analyses, we 
performed one-sample MR analysis on female- or male-
specific GWAS summary data of LDLC, HDLC, TGs, 
and GSD from UK Biobank with the same SNPs chosen 
as instrument variables as were used in the previous TSMR 
analysis.

In addition to the 4 different MR methods, leave-one-
out sensitivity analysis was conducted to test the robustness 
of the MR estimation by excluding a single variant from 
the analysis at a time. The fluctuation of the estimates in 
response to this exclusion reflected the influence of the 
variant in the causal estimation. 

Notably, some of the instrument variables used in the 
previous MR analyses were associated with more than 
one lipid profile. Meanwhile, multivariable MR has an 
advantage over univariate MR in that it accounts for 
potential pleiotropic influence. We conducted multivariable 
MR using the IVW method to estimate the direct causal 
effect of LDLC, HDLC, and TGs on the outcomes by 
applying the method to the complete set of 126 lipid-
associated SNPs. All MR analyses were performed using 
the “MendelianRandomization”, “TwoSampleMR”, and 
“MRPRESSO” packages in R version 3.6.1 (R Foundation 
for Statistical Computing, Vienna, Austria).
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Ethics statement

The GWAS summary data used for MR analyses in this 
investigation are publicly available (23,24). The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Results

No causal effect of hyperlipidemia on GSD

The characteristics of the populations included in the 
GLGC and UK Biobank are shown in Table 1. We first 
selected SNPs that could serve as valid instrumental 
variables for each blood lipid (LDL, HDL, and TGs) in 
the European population based on association summary 
statistics from the GLGC study. From the GLGC study, 
following MR-PRESSO and harmonization correction, 
we obtained a total of 41, 59, and 35 index SNPs to serve 
as instrumental variables for LDL, HDL, and TGs, 
respectively (Tables S1,S2,S4). The selected SNPs in 
total explained 6.90%, 3.67%, or 4.27% of the observed 
phenotypic variance for LDL, HDL, or TGs, respectively. 
Importantly, the F score values for these SNPs were 150.3, 
59.9, and 116.7, respectively, all of which were larger than 
10, suggesting that the selected SNPs had a sufficiently 
strong effect to serve as valid instruments and that weak 
instrument bias was unlikely to occur.

In UK Biobank, we identified 10,520 participants with 

GSD and subsequently obtained association summary 
statistics of GSD from UK Biobank for the selected 
instrumental variables of the blood lipids. To investigate 
the potential association between blood lipids and GSD, we 
applied 4 different methods to complete TSMR analyses 
(Table 2, Figures S1-S4). The IVW analysis indicated a 
marginal negative association between the LDLC level and 
GSD [odds ratio (OR) 0.995; 95% confidence interval (CI): 
0.994–0.998; P<0.001]. Meanwhile, no evidence was found 
for a causal relationship between the HDLC level and GSD 
(OR 0.999, 95% CI: 0.996–1.003; P=0.731) or the TGs 
level and GSD (OR 0.997, 95% CI: 0.994–1.001; P=0.146). 
These results suggested that genetically predicted blood 
lipid levels were not associated with GSD. The results of 
the TSMR analyses were consistent in the four methods.

Cochran’s Q test indicated that there was significant 
heterogeneity for LDLC and HDLC (Table 2). However, 
the leave-one-out analyses did not materially change the 
results of the TSMR estimate. The funnel and forest 
plots showed an absence of directional pleiotropy, with 
a symmetrical distribution of variant effects (Figures S4-
S12). To validate the estimate, we performed one-sample 
MR analyses with the identified SNPs using the GWAS 
summary data of LDLC, HDLC, TGs, and GSD from UK 
Biobank. The resultant findings were similar to those of the 
TSMR analyses (Figure 1, Table S5).

Female sex has been identified as a risk factor for GSD (31).  
To investigate whether any of the 3 blood lipids showed 

Table 1 Characteristics of Global Lipids Genetics Consortium and UK Biobank datasets

Exposure/outcome Datasets No. SNPs Sample size (No. of cases) Population

LDL-cholesterol GLGC 41 83,198 90% European

HDL-cholesterol GLGC 59 92,860 90% European

Triglycerides GLGC 35 91,598 90% European

Hepatic steatosis GOLD 2 7,176 100% European

Histological NAFLD AGES 2 2,868 100% European

LDL-cholesterol UK Biobank 41 343,621 100% European

HDL-cholesterol UK Biobank 59 315,133 100% European

Triglycerides UK Biobank 35 343,992 100% European

Main outcome

Gallstone disease UK Biobank 371,714 (10,520) 100% European

LDL, low-density lipoprotein; HDL, high-density lipoprotein; NAFLD, non-alcoholic fatty liver disease; GLGC, Global Lipids Genetics 
Consortium; GOLD, Genetics of Obesity-related Liver Disease; AGES, Age, Gene/Environment Susceptibility-Reykjavik Study; SNPs, 
single-nucleotide polymorphisms.

http://Tables S1,S2,S4
https://cdn.amegroups.cn/static/public/ATM-21-4007-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-4007-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-4007-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-4007-Supplementary.pdf
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evidence of sex-specific effects, we performed a sex-stratified 
MR analysis on sex-specific GWAS data from UK Biobank. 
No evidence was found to support an association between 
blood lipids and GSD in either men or women (Figure 1, 
Tables 3,4). No heterogeneity or pleiotropy was apparent 
between blood lipids and GSD in either sex (Figures S1-S3).  
In summary, our MR study did not support a causal 
association between hyperlipidemia and GSD.

In the leave-one-out analysis, we confirmed that no 
single genetic variant was strongly driving the overall effect 
of each lipid profile on GSD (Figures S13-S15). In the 
multivariable MR analysis that adjusted for the effect of 
each blood lipid, the results remained unchanged (Figure 2, 
Table S6). The multivariable-adjusted β values were 0.002 
(95% CI: –0.001 to 0.005; P=0.261) for LDLC, 0.000 (95% 
CI: –0.006 to 0.006; P=0.983) for HDLC, and 0.005 (95% 
CI: –0.002 to 0.013; P=0.148) for TGs (Table S2).

No causal effect of NAFLD on GSD 

We used 2 well-established hepatic steatosis-associated 
variants as genetic instruments to test the causal effect 
of hepatic steatosis on GSD (Table S4). The 2 SNPs 
explained 3.2% of the variance in hepatic steatosis and the 
mean F sore value was 118.56. With only 2 SNPs used as 
instrument variables, we performed a conventional MR 
analysis using the IVW method on GSD (Figures S4,S8). 
As listed in Table 2, we observed no significant association 
between genetically instrumented hepatic steatosis and 
GSD (OR 0.994, 95% CI: 0.985–1.003; P=0.206).

We further tested whether a genetically increased risk 
for histologic NAFLD has a different effect on GSD as 
compared to that of hepatic steatosis. Consistent with the 
results of hepatic steatosis, however, no significant causal 
relationship was found between genetically driven histologic 
NAFLD and GSD (Table 2). Taken together, the results of 

Table 2 Two-sample Mendelian randomization estimations showing the effect of lipids on GSD

Exposure Methods Odds ratioa
95% CI

P value Ph Q-statistics
Lower limit Upper limit

LDLC IVW 0.996 0.993 0.998 5.46E−04 9.06E−03 64.1

MR-Egger 0.995 0.992 0.999 7.97E−03 7.33E−03 63.8

Weighted median 0.997 0.994 1.000 4.25E−02 – –

Simple median 0.997 0.993 1.001 1.06E−01 – –

MR-Egger interceptb 0.0001 −0.0002 0.0003 6.57E−01 – –

HDLC IVW 0.999 0.996 1.003 7.31E−01 2.76E−04 102.6

MR-Egger 0.997 0.989 1.004 3.51E−01 2.82E−04 101.2

Weighted median 0.997 0.993 1.002 2.48E−01 – –

Simple median 0.998 0.993 1.003 4.06E−01 – –

MR-Egger interceptb 0.0002 −0.0002 0.0005 3.77E−01 – –

Triglycerides IVW 0.997 0.994 1.001 1.46E−01 3.79E−01 35.9

MR-Egger 0.993 0.987 0.999 2.98E−02 4.70E−01 32.9

Weighted median 0.998 0.993 1.003 4.17E−01 – –

Simple median 1.003 0.996 1.009 4.39E−01 – –

MR-Egger interceptb 0.0001 0.0000 0.0005 9.45E−02 – –

Hepatic steatosis IVW 0.994 0.985 1.003 2.06E−01 4.63E−03 8.0

Histologic NAFLD IVW 0.993 0.984 1.003 1.53E−01 8.88E−03 6.8
a, odds ratio per 1 SD increase; b, regression coefficient (95% CI). GSD, gallstone disease; CI, confidence interval; LDLC, low-density 
lipoprotein cholesterol; HDLC, high-density lipoprotein cholesterol; NAFLD, non-alcoholic fatty liver disease; Ph, P value for heterogeneity; 
SD, standard deviation; IVW, inverse variance-weighting; MR, Mendelian randomization.

https://cdn.amegroups.cn/static/public/ATM-21-4007-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-4007-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-4007-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-4007-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-4007-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-4007-Supplementary.pdf
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Figure 1 Comparison of the total causal estimations with heterogeneity and pleiotropic effect between lipid profiles and gallstone disease 
risk being considered via Mendelian randomization. a, two-sample MR analysis of the Global Lipids Genetics Consortium study and the 
UK Biobank cohort; b, one-sample MR analysis of all participants in the UK Biobank cohort; c, one-sample MR analysis of male participants 
in the UK Biobank cohort; d, one-sample MR analysis of female participants in the UK Biobank cohort; e, two-sample MR analysis of the 
Genetics of Obesity-Related Liver Disease study and the UK Biobank cohort; f, two-sample MR analysis of the Age, Gene/Environment 
Susceptibility-Reykjavik study and the UK Biobank cohort. CI, confidence interval; LDLC, low-density lipoprotein cholesterol; HDLC, 
high-density lipoprotein cholesterol; NAFLD, non-alcoholic fatty liver disease; MR, Mendelian randomization. 
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our MR study did not support a causal association between 
NAFLD and GSD.

Discussion

To our knowledge this was the first large-scale study to 
assess the causal relationship between lipid profiles in 
the blood or liver and GSD, and our results suggest that 
hyperlipidemia and NAFLD are not causally associated with 
the risk of GSD. This finding was robust and consistent in 
the various sensitivity analyses including 4 different MR 
methods, the validation dataset, sex-stratified assessment, 
and multivariable MR analysis.

Cholesterol, phospholipid, and bile salts are three 
major  l ip id  components  of  b i le ,  and cholesterol 
supersaturation leads to the precipitation of cholesterol 
monohydrate crystals followed by agglomeration of the 
crystals into macroscopic stones (32-36). Results from 
previous observational studies and reviews showed that 
hyperlipidemia is a risk factor for GSD (37-40), but the 

association between each blood lipid and GSD is still 
controversial. Atamanalp et al. found that high LDLC 
levels were associated with high GSD rates but that low 
HDLC levels were not (39). However, Andreotti et al. 
reported that high levels of TGs and low levels of HDLC 
were significantly associated with an increased risk of 
GSD, while LDLC levels were inversely associated with 
risk of GSD (40). To date, the conclusions of the relevant 
research have been inconsistent. Given the limitations of 
these observational studies, these results might have been 
driven by biases such as unmeasured confounders or reverse 
causation (21). 

Contrary to previous observational studies, Ferkingstad 
et al. used binomial testing and found that lipid serum 
levels were not in themselves causative factors in gallstone 
formation (15). Supporting this finding, Stender et al. 
reported that elevated levels of LDLC were not causally 
associated with an increased risk of GSD in a one-sample 
MR study that included 3,323 cases of GSD (41). In our 
study, each type of blood lipid was considered separately, 
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Table 3 Mendelian randomization estimations showing the effect of lipid profiles on GSD in male

Exposure Methods Odds ratioa
95% CI

P value Ph Q-statistics
Lower limit Upper limit

LDLC IVW 0.995 0.991 0.998 3.50E−03 8.25E−02 52.9

MR-Egger 0.994 0.990 0.999 1.82E−02 6.90E−02 52.8

Weighted median 0.993 0.989 0.998 6.69E−03 – –

Simple median 0.991 0.985 0.998 6.91E−03 – –

MR-Egger interceptb 0.0001 −0.0002 0.0003 7.51E−01 – –

HDLC IVW 1.000 0.997 1.004 9.75E−01 4.05E−02 78.1

MR-Egger 0.998 0.992 1.004 4.53E−01 4.14E−02 76.8

Weighted median 1.000 0.995 1.005 9.16E−01 – –

Simple median 1.000 0.995 1.006 9.62E−01 – –

MR-Egger interceptb 0.0001 −0.0001 0.0004 3.34E−01 – –

Triglycerides IVW 1.000 0.997 1.004 9.72E−01 4.47E−01 34.4

MR-Egger 0.998 0.993 1.003 4.67E−01 4.48E−01 33.4

Weighted median 1.000 0.995 1.006 8.63E−01 – –

Simple median 1.003 0.996 1.010 3.60E−01 – –

MR-Egger interceptb 0.0001 −0.0001 0.0004 3.18E−01 – –
a, odds ratio per 1 SD increase; b, regression coefficient (95% CI). GSD, gallstone disease; CI, confidence interval; LDLC, low-density 
lipoprotein cholesterol; HDLC, high-density lipoprotein cholesterol; Ph, P value for heterogeneity; SD, standard deviation; IVW, inverse 
variance-weighting; MR, Mendelian randomization.

Table 4 Mendelian randomization estimations showing the effect of lipid profiles on GSD in female

Exposure Methods Odds ratioa
95% CI

P value Ph Q-statistics
Lower limit Upper limit

LDLC IVW 0.995 0.990 0.999 9.91E−03 6.95E−02 53.9

MR-Egger 0.995 0.989 1.000 5.66E−02 5.63E−02 53.9

Weighted median 0.996 0.991 1.001 9.88E−02 – –

Simple median 0.992 0.985 0.999 1.72E−02 – –

MR-Egger interceptb 0.0002 −0.0004 0.0004 9.79E−01 – –

HDLC IVW 0.999 0.994 1.003 5.57E−01 2.48E−02 81.0

MR-Egger 0.996 0.988 1.005 4.26E−01 2.19E−02 80.5

Weighted median 0.996 0.99 1.003 2.81E−01 – –

Simple median 0.997 0.99 1.004 4.67E−01 – –

MR-Egger interceptb 0.0002 −0.0003 0.0006 5.67E−01 – –

Triglycerides IVW 0.996 0.990 1.001 1.06E−01 2.56E−01 39.0

MR-Egger 0.992 0.983 1.000 7.30E−02 2.66E−01 37.6

Weighted median 0.993 0.984 1.001 8.80E−02 – –

Simple median 0.998 0.989 1.008 7.45E−01 – –

MR-Egger interceptb 0.0002 −0.0002 0.0007 2.84E−01 – –
a, odds ratio per 1 SD increase; b, regression coefficient (95% CI). GSD, gallstone disease; CI, confidence interval; LDLC, low-density 
lipoprotein cholesterol; HDLC, high-density lipoprotein cholesterol; Ph, P value for heterogeneity; SD, standard deviation; IVW, inverse 
variance-weighting; MR, Mendelian randomization.
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Outcome

Gallstone disease

Exposure

LDLC

HDLC

Triglycerides

Odds ratio (95% CI) P value

Two-sample MRa 

Combinedb 

Menc 

Womend

Two-sample MRa 

Combinedb 

Menc 

Womend

Two-sample MRa 

Combinedb 

Menc 

Womend

0.975 1 1.025
The estimates

1.001 (1.000–1.003) 

0.993 (0.990–0.996) 

0.995 (0.991–0.998) 

0.992 (0.989–0.996)

1.18E−01 

0.00E+00 

1.00E−03 

0.00E+00

0.998 (0.995–1.001) 

0.998 (0.996–1.001) 

1.001 (0.999–1.004) 

0.996 (0.993–0.999)

2.18E–01 

1.30E–01 

3.36E–01 

1.30E–02

1.005 (1.001–1.008) 

0.999 (0.996–1.002) 

1.002 (0.999–1.005) 

0.998 (0.993–1.002)

1.20E–02 

6.28E–01 

2.60E–01 

2.88E–01

Figure 2 Comparison of the direct causal estimates between plasma lipids and gallstone disease risk via multivariable Mendelian 
randomization. a, two-sample MR analysis of the Global Lipids Genetics Consortium study and the UK Biobank cohort; b, one-sample MR 
analysis of all participants in the UK Biobank cohort; c, one-sample MR analysis of male participants in the UK Biobank cohort; d, one-
sample MR analysis of female participants in the UK Biobank cohort. CI, confidence interval; LDLC, low-density lipoprotein cholesterol; 
HDLC, high-density lipoprotein cholesterol; MR, Mendelian randomization. 

and hence our MR analysis had a higher power to confirm 
that there was no causal association between hyperlipidemia 
and GSD. 

Hepatic steatosis and GSD are commonly found to 
coexist (19,42-44), and NAFLD and its severity have been 
independently associated with an increase in GSD (45). 
However, previous studies were observational investigations, 
and it has been difficult to perform randomized controlled 
trials for NAFLD and GSD. It therefore remains unclear 
whether there is a causal association between NAFLD and 
GSD. Aside from this, our MR study detected no causal 
association between genetically driven hepatic steatosis or 
histologic NAFLD and GSD.

One of the key strengths of our study is that it included 
2 very large GWASs with more than 700,000 participants, 
helping to overcome the power limitations of MR 
analysis and facilitate the application of several analytical 
approaches. MR studies are also more robust against 
confounding than are traditional observational studies 
because an individual’s genetically determined risk for a 
given condition is fixed throughout their lifetime. Since MR 
analysis has a high assumption level (46,47), we performed 
sensitivity analyses, heterogeneity testing, and pleiotropy 
testing, all of which supported the main findings. To avoid 
weak instrument bias, we only selected SNPs strongly 

associated with exposure, and the F score values were all 
larger than 10 for each instrument variable. 

In conclusion, this MR study indicates that genetically 
predicted lipid profiles are not causally associated with 
GSD in and of themselves. However, like many other MR 
analyses, this study has several limitations. First, although 
our findings with respect to the effect of hyperlipidemia 
and NAFLD on GSD are consistent in TSMR and one-
sample MR analyses, the instrument variables only explain 
approximately 3–8% of the variance of exposure, and 
thus this study might have been underpowered to detect 
medium to small effects. Second, with the use of publicly 
available summary-level GWAS data, we only stratified 
analyses by sex and were unable to stratify analyses by other 
covariates of interest such as age, body mass index, and 
sex hormones. Finally, by using the GLGC study and UK 
Biobank cohort the majority of participants in our research 
were of European ancestry, and we were therefore unable to 
investigate the relationship between lipid profiles and GSD 
in Asian and African populations.
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