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Abstract

Maintaining a balanced bile acids (BAs) metabolism is essential for lipid and cholesterol metabolism, as well as fat intake Q
absorption. The development of obesity may be intricately linked to BAs and their conjugated compounds. Our study aims to
assess how BAs influence the obesity indicators by Mendelian randomization (MR) analysis. Instrumental variables of 5 BAs were
obtained from public genome-wide association study databases, and 8 genome-wide association studies related to obesity
indicators were used as outcomes. Causal inference analysis utilized inverse-variance weighted (IVW), weighted median, and
MR-Egger methods. Sensitivity analysis involved MR-PRESSO and leave-one-out techniques to detect pleiotropy and outliers.
Horizontal pleiotropy and heterogeneity were assessed using the MR-Egger intercept and Cochran Q statistic, respectively.
The IVW analysis revealed an odds ratio of 0.94 (95% confidence interval: 0.88, 1.00; P =.05) for the association between
glycolithocholate (GLCA) and obesity, indicating a marginal negative causal association. Consistent direction of the estimates
obtained from the weighted median and MR-Egger methods was observed in the analysis of the association between GLCA and
obesity. Furthermore, the IVW analysis demonstrated a suggestive association between GLCA and trunk fat percentage, with
a beta value of —0.014 (95% confidence interval: —0.027, —0.0004; P =.04). Our findings suggest a potential negative causal
relationship between GLCA and both obesity and trunk fat percentage, although no association survived corrections for multiple
comparisons. These results indicate a trend towards a possible association between BAs and obesity, emphasizing the need for
future studies.

Abbreviation: BAs = bile acids, BMI = body mass index, CA = cholate, Cl = confidence interval, DCA = deoxycholate, GCDCA =
glycochenodeoxycholate, GLCA = glycolithocholate, GWAS = genome-wide association study, VW = inverse-variance weighted,
LCA = lithocholate, IVs = instrumental variables, MR = Mendelian randomization, SNP = single nucleotide polymorphism, TCDCA

= taurochenodeoxycholate, WC = waist circumference.
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1. Introduction

Obesity is defined as the abnormal accumulation of fat, lead-
ing to a disruption in energy metabolism.[* Over 2 billion
individuals globally, constituting 30% of the world’s popula-
tion, are afflicted by overweight or obesity, based on statistical
data.B! This condition significantly contributes to a range of
cardiovascular and metabolic ailments,*’! such as diabetes,
which is associated with various complications.!*'!I Therefore,
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early detection and diagnosis of obesity are paramount. While
body mass index (BMI) serves as a widely utilized tool for
obesity assessment in clinical practice,’®!>'¥ it fails to consider
factors such as body fat distribution and muscle mass, which
may contribute to the obesity paradox!'-2°l (in patients with
preexisting cardiovascular disease, individuals who are over-
weight or obese exhibit a more favorable prognosis compared
to those who are non-overweight/nonobese).**”! To address
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this limitation, it is essential to incorporate other obesity-
related biomarkers for a comprehensive evaluation. The bio-
logical indicators considered in our study encompass body fat
percentage, BMI, hip circumference, trunk fat mass, trunk
fat percentage, waist circumference (WC), and whole-body
fat mass.

Furthermore, previous studies have found that bile acids
(BAs) may influence obesity by altering fatty acid metabo-
lism.2%1 BAs, derived from cholesterol biosynthesis, are synthe-
sized in the adult liver at a daily conversion rate of around 500
milligrams.?”! The main function of bile salts is to emulsify
fats. Primary BAs, including cholate (CA) and chenodeoxy-
cholate, are synthesized by the liver and stored as bile salts in
the gallbladder, where they function during digestion.” The
intestinal microbiota has the capacity to metabolize primary
BAs into secondary BAs with increased hydrophobicity, such
as deoxycholate (DCA) and lithocholate (LCA), which possess
enhanced lipolytic properties and facilitate the digestion and
absorption of fats.®!! Glycine or taurine conjugation precedes
the departure of most BAs from hepatocytes, giving rise to
conjugated BAs like glycochenodeoxycholate (GCDCA), gly-
colithocholate (GLCA), taurochenodeoxycholate (TCDCA),
and others.*?!

While epidemiological evidence has indicated a potential
association of BAs and their conjugates with obesity, BMI, and
WC, the findings remain inconclusive. To overcome this uncer-
tainty, we conducted a Mendelian randomization (MR) analy-
sis, employing genetic variations as instrumental variables (IVs).
This method effectively addresses confounding factors and
reverse causality biases, allowing us to derive more robust and
compelling causal conclusions.334 The clinical significance of
this research lies in its guidance for tackling obesity and meta-
bolic diseases, as well as its contribution to understanding the
underlying mechanisms of these disorders.

2. Methods
2.1. Study design

We employed MR to examine the correlation between
genetically predicted bile acids and indicators of obesity.
Single nucleotide polymorphisms (SNPs) are frequently
employed as IVs in MR analysis, a methodology utilized to
ascertain causal associations between traits and diseases.
Before conducting MR analysis, it is crucial to verify that
the chosen SNP meets 3 assumptions: (1) The selected SNP
must demonstrate a robust association with the exposure
variables (bile acids). (2) The chosen SNP should influence
the outcome measures (indicators of obesity) solely via the
exposure factors (bile acids). (3) No confounding exists
regarding the impact of the chosen SNP on the outcome
measures (indicators of obesity).

2.2. Data sources

In order to comply with the fundamental principles of a
two-sample MR design, exposure and outcome data were
sourced from separate European populations. The genome-
wide association study (GWAS) datasets for 5 exposures,
namely CA, DCA, GCDCA, GLCA, and TCDCA were extracted
from a previous study conducted by Chen et al.?*! Additionally,
the summary statistics of 8 outcomes related to obesity and
its indicators including body fat percentage, BMI, hip circum-
ference, trunk fat mass, trunk fat percentage, WC, and whole-
body fat mass were obtained from the UK Biobank, Genetic
Investigation of ANthropometric Traits, and FinnGen. Detailed
information regarding the utilized GWAS datasets is provided
in Table S1, Supplemental Digital Content, http://links.lww.
com/MD/M910.
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2.3. Selection of IVs

IVs were chosen for the MR analysis based on rigorous selec-
tion criteria. The inclusion criteria involved establishing a strong
genetic association between the IVs and the exposure of interest,
as determined by a P-value <1 x 10°. We employed clumping
method within a genomic window of 10 megabases to identify
independent IVs that exhibited low levels of linkage disequilib-
rium, denoted by an R? value below 0.001, as reported previ-
ously.B¢-381 Consistent with prior research findings, we restricted
our analysis to IVs possessing minor allele frequencies exceed-
ing 0.01. We calculated F-statistics as indicators of IV strength;
values above or equal to ten signified minimal susceptibility to
weak instrument bias.”!

2.4. Statistical method

The primary method used for the MR analysis was the
inverse-variance weighted (IVW) method. Additionally, we
employed both the weighted median and MR-Egger methods
as alternative approaches. We conducted an MR-Egger inter-
cept test to assess potential horizontal pleiotropy. We incorpo-
rated outlier-corrected data from MR-PRESSO to account for
potential outliers. We assessed heterogeneity by calculating the
Cochrane Q value. A leave-one-out sensitivity analysis was per-
formed to examine individual IV’s influence on causal relation-
ships and validate result reliability. Causal effects in the MR
analyses were evaluated using regression coefficients (Beta),
while odds ratios along with their corresponding 95% confi-
dence intervals (CIs) were employed for assessing dichotomous
variable as outcome. We performed multiple comparisons with
a false discovery rate threshold set at 5%. The TwoSampleMR
package in R was utilized for all MR analyses.

3. Results

3.1. Assessment of the IVs

This study employed MR analysis to investigate the associa-
tions between 5 BAs and 8 indicators of obesity and its related
factors. The F-statistics for the IVs of 5 BAs ranged from
19.55 to 38.06, showing good instrument strength (Table
S2, Supplemental Digital Content, http:/links.lww.com/MD/
M9I11).

3.2. Results of the MR analysis

The IVW method in MR analysis demonstrated a suggestive neg-
ative causal association between GLCA and trunk fat percentage
(Beta = -0.014; 95% CI: ~0.027, ~0.0004; P = .04) (Fig. 1; Table
S3, Supplemental Digital Content, http:/links.lww.com/MD/
M912 and Table S4, Supplemental Digital Content, http://links.
lww.com/MD/M913). However, we found that GLCA showed an
association with trunk fat percentage with a different direction
from IVW analysis when analyzed using MR-Egger techniques
(Table S3, Supplemental Digital Content, http://links.lww.com/
MD/M912 and Table S4, Supplemental Digital Content, http://
links.lww.com/MD/M913). Furthermore, the IVW method sug-
gested a potential negative association of marginal significance
between GLCA and obesity (odds ratio = 0.94; 95% CI: 0.88,
1.00; P = .05) (Fig. 1; Table S3, Supplemental Digital Content,
http:/links.lww.com/MD/M912), and same association direc-
tion was observed using the MR-Egger and weighted median
methods (Table S3, Supplemental Digital Content, http:/
links.Iww.com/MD/M912 and Table S4, Supplemental Digital
Content, http://links.lww.com/MD/M913). However, the above
2 associations lost statistical significance after adjusting multi-
ple comparisons. Figure 2 displays the scatter plot showing the
causal relationships between GLCA and obesity, as well as trunk
fat percentage.
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Figure 1. Associations between genetically predicted 5 bile acids and obesity and its related indicators examined by VW method. CA = cholate; Cl = confi-
dence interval; DCA = deoxycholate; GCDCA = glycochenodeoxycholate; GLCA = glycolithocholate; IVW = inverse-variance weighted; OR = odds ratio; P =
P-value; TCDCA = taurochenodeoxycholate.
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Figure 2. Scatter plots showing the causal effects of GLCA on obesity and trunk fat percentage. GLCA = glycolithocholate; MR = Mendelian randomiza-
tion; SNP = single nucleotide polymorphism.

3.3. Results of the sensitivity analysis

Funnel plots of the MR analyses and heterogeneity tests were also
performed (Fig. S1, Supplemental Digital Content, http://links.

lww.com/MD/M909; Table S5, Supplemental Digital Content,

http://links.lww.com/MD/M914). The analysis did not indicate
significant evidence of horizontal pleiotropy according to the
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testing of the MR-Egger intercept term (Table S6, Supplemental
Digital Content, http:/links.lww.com/MD/M915). This finding
is consistent with results obtained from MR-PRESSO, where
no outlier IV was identified. Figure 3 illustrates the results of a
leave-one-out analysis, indicating that the results were generally
the same when removing IVs one-by-one. The sensitivity analy-
sis method described above provides evidence of the reliability
of the MR results.

In sum, our findings suggest a potential negative causal
relationship between GLCA and obesity, as well as truncal fat
percentage, although no association survived corrections for
multiple comparisons. These results indicate a trend towards a
possible association between bile acids and obesity.

4. Discussion

We utilized a two-sample MR analysis to examine the causal
relationship between BAs and obesity and its related indicators.
The analysis integrated summary statistics from GWAS available
in public databases. The findings revealed a suggestive causal
association between GLCA and trunk fat percentage (P <.05)
reported by IVW analysis, as well as marginally significant caus-
ative connections between GLCA and obesity (P = .05). None of
the other exposures revealed any significant associations with
obesity or its related metrics.

4.1. Potential mechanisms underlying the impact of GLCA
on obesity

In an animal study, cultivating live P. distasonis (LPD) in high-
fat mice, resulting in higher levels of LCA and succinic acid
in the intestines and improving obesity and obesity-related
functional impairments.*! LCA is one of the most toxic BAs,
most of which exists in the form of GLCA.*#2 GLCA is the
product of glycine coupling to LCA, in which the carboxylate
group of LCA combines with glycine to form bile salts, 14344l
which are allowed to dissolve lipids in the small intestine,
increasing the lipid surface area to be more easily absorbed,
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and thus lipid reduction affects obesity.****¢! Following oral
administration of GLCA to rats, a swift reduction in phospho-
lipid and cholesterol secretion was observed, reaching 25%
and 50% of their initial levels, respectively, as reported by
Kuipers et al.[*!

The transportation of bile phospholipids to the canalicu-
lar membrane occurs via a calcium-dependent microtubule-
mediated vesicle pathway.5%1 A review of the literature shows
that cells are able to maintain low concentrations of intracellu-
lar free calcium due to the efficient operation of calcium pumps
located in the plasma membrane and mitochondria.’?! There
is speculation that GLCA disrupts the intracellular calcium
balance, thereby impeding lipid transport.’3) GLCA has cyto-
toxicity and can cause apoptosis.** LCA carboxylate group in
GLCA forms bile salts with glycine, which cause toxic damage
to mitochondria, leading to disruption of the intracellular cal-
cium balance.#4:45:54-5¢l

Furthermore, most lipids are hydrolyzed in the small intes-
tine and then proceed to the large intestine after gastric pre-
processing, where they are influenced by the gut microbiota
for lipid utilization.?>57581 The Bacteroidetes and Firmicutes
phyla, which dominate the human gut, play a pivotal role in
regulating inflammation, obesity, and insulin sensitivity.!!%*"!
Additionally, the abundance of Firmicutes and Bacteroidetes
exhibits a positive correlation with plasma GLCA levels.!®!
LCA binds to glycine in the liver to produce GLCA and is
secreted into the small intestine, where they play an important
role in the digestion process by acting as detergents.[*!l The
main role of bile salt hydrolases in bacteria is to detoxify the
bound bile acids, thus promoting the colonization of bacteria in
the harsh intestinal environment.[*>%3 Bacteroides is one of the
major members of the animal microbiota, particularly within
the digestive system.!***¢! It can be inferred from a review of the
literature that GLCA is a binding bile acid that can be detox-
ified by bile salt hydrolases to promote intestinal bacteroides
colonization,[#1:43:62:6467]

Turicibacteraceae, Turicibacterales, and Turicibacter have
been established in previous literature to be positively cor-
related with GLCA.!**! Nonetheless, individuals at a higher
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Figure 3. Leave-one-out sensitivity analyses using the IVW method to investigate the causal estimates of GLCA on obesity and trunk fat percentage after
excluding a particular SNP from the analysis. The IVW estimate of all SNPs on each outcome was shown by the red line. VW = inverse-variance weighted;
GLCA = glycolithocholate; MR = Mendelian randomization; SNP = single nucleotide polymorphism.
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risk of obesity exhibit lower levels of Turicibacterales and
Turicibacteraceae compared to their healthier counterparts.(®’!
Simultaneously, lower peripheral GLCA and TLCA levels in
periparturient cows undergoing excessive lipolysis result in
diminished expression of G protein-coupled bile acid receptor
1, a crucial mediator in the neural mechanisms that counteract
diet-induced obesity.”>”! These findings align with the potential
negative association observed in this study, albeit with marginal
significance, between GLCA and obesity. The effects of BAs
and their conjugate forms on lipid metabolism are complex, as
changes in the chemical forms of different BAs may affect their
physiological properties. Additional extensive investigations are
required to shed light on this intricate phenomenon.

4.2. The function of CA, DCA, GCDCA, TCDCA

Researchers report that conjugates of BAs potentially impact the
development of obesity. For example, bile salt—CA or DCA—
microparticles, show enhanced efficacy in breaking down adipo-
cytes both in vitro and in vivo settings.””! Furthermore, stronger
associations were found between conjugated primary or sec-
ondary BAs (excluding GLCA) and higher BMI, larger WC, as
well as elevated energy expenditure, comparing with their non-
conjugated counterparts./”?l Notably, these outcomes contradict
the results obtained from our investigation. This contradiction
may imply that observational studies might face limitations
regarding their capacity to control for confounding variables
effectively while also considering reverse causality as a plausible
explanation for this disparity.

4.3. The function and potential mechanism of BAs for
obesity

BAs can exert an influence on obesity by regulating fatty acid
metabolism.% These effects primarily occur through the mod-
ulation of multiple signaling pathways, which contribute to the
maintenance of homeostasis in vivo by controlling triglycer-
ide balance, cholesterol levels, glucose regulation, and energy
expenditure.”" As a potential underlying signaling pathway,
BAs activate the farnesoid X receptor in the liver, leading to
the induction of short heterodimer chaperone expression.!
Consequently, this inhibits liver receptor homologue-1 and
liver X receptor-a. activity, further suppressing transcriptional
activation of cholesterol 7-hydroxylase (CYP7A1) gene encod-
ing a rate-limiting enzyme essential for bile acid-mediated
cholesterol synthesis.”*””7 Moreover, Short heterodimer part-
ner disrupts sterol regulatory element-binding protein 1c syn-
thesis—a transcription factor crucial for controlling genes
associated with fatty acid synthesis such as acetyl-CoA car-
boxylase, fatty acid synthase, and acetyl-CoA synthetase.”®!
Additionally, BAs enhance lipoprotein lipase activity thereby
promoting plasma triglyceride clearance.” Furthermore, BAs
downregulate hepatic phosphoenolpyruvate carboxykinase and
glucose-6-phosphatase expression, resulting in reduced hepatic
gluconeogenesis and inhibition of triglyceride synthesis.*® Our
investigation has not established a definitive causal relationship
between obesity and BAs, excluding GLCA. Further research is
warranted to explore the reasons and underlying mechanisms.

4.4. Strengths and limitations

As an advantage of our research, we employ the MR methods
to verify causal relationships. Compared to traditional obser-
vational studies, this approach reduces biases related to poten-
tial confounding factors and reverse causality interference. As
a limitation of our study, the restriction of our sample to the
European population distinctly hampers the applicability of our
research findings to other races. Moreover, the relatively small
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sample size of the exposure used in our study may contribute to
the lack of significant causal relationships.

5. Conclusion

Our findings indicate a potential negative causal relationship
between GLCA and both obesity and trunk fat percentage.
However, this relationship lost significance after correction for
multiple comparisons. Nonetheless, the results still suggest a
trend of association between bile acid and obesity, highlighting
the need for future studies with expanded sample sizes.
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