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The role of lipid traits in
mediating the effect of body
mass index on serum urate

Liuqing Peng, Jiarui Jing, Simin He, Juping Wang,
Xue Gao and Tong Wang*

Department of Health Statistics and Epidemiology, School of Public Health, Shanxi Medical
University, Taiyuan, China
Objective: To explore whether total cholesterol (TC), high-density lipoprotein

(HDL), low-density lipoprotein (LDL), and triglyceride (TG) are mediators in the

pathway of body mass index (BMI) on serum urate and determine the

proportion of the mediation effect.

Methods: This study used observational and two-sample Mendelian

randomization (MR) analyses to explore the mediation effects of TC, HDL,

LDL, and TG in the pathway of BMI on serum urate. We determined the size and

the extent to which these lipids mediate any effect of BMI on serum urate.

Results: Observational analysis results showed that HDL and TG can partially

explain the association of BMI on serum urate, and the proportion of mediation

effect was 10.2% and 8.9%, respectively. MR results demonstrated that TG has a

causal effect on serumurate (b = 0.22, 95%CI: 0.15, 0.29; p = 2.28×10–10.) and its

proportion of mediation effect was 14.1%. TC, HDL, and LDL are not the

mediators in the pathway of BMI on serum urate in MR estimates.

Conclusion: To a certain extent, TG mediates the effect of BMI on serum urate,

and the risk of gout may be reduced by controlling both BMI and TG.

KEYWORDS

body mass index (BMI), serum urate, lipid traits, mediation analysis, Mendelian
randomization
Introduction

Gout is a chronic disease caused by the deposition of monosodium urate (MSU)

crystals (1). The global prevalence of gout is on the rise: the result of the Global Burden of

Disease Study in 2017 showed that the age-standardized prevalence rates of gout in men

and women in 1990 were 747.48/100,000 and 233.52/100,000, but the number had risen

to 790.90/100,000 and 253.49/100,000 in 2017, respectively (2). In 2010, the global
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disability-adjusted life years for gout were 11,400, an increase of

38,000 compared to those in 1990 (3). Now, gout has become the

most common inflammatory arthritis in developed countries (4).

Elevated serum urate is the direct cause of MSU crystal

deposition and the development of gout (5). However, the

proportion of patients who initiate and continue urate-

lowering therapy is very low, ranging from 10% to 46%,

worldwide (2, 6). Studies have suggested that mature

adipocytes and adipose tissue produce and secrete urate.

Moreover, obesity increases the expression of xanthine

oxidoreductase mRNA and promotes serum urate secretion in

adipose tissue (7, 8). Researchers have shown that obesity is an

important risk factor for hyperuricemia (5, 9). Dalbeth and

colleagues found that people with a mean body mass index

(BMI) of 30.8 kg/m2 had a higher level of serum urate than those

with a mean BMI of 21.8 kg/m2 (10). Furthermore, studies

suggested that greater BMI leads to higher levels of total

cholesterol (TC), low-density lipoprotein (LDL), and

triglyceride (TG) but lower high-density lipoprotein (HDL)

levels (11). Moreover, hyperuricemia is usually related to lipid

metabolism disorders (12). Thus, the association of BMI with

serum urate may be mediated by these lipids. However, to our

knowledge, there is no published literature about the mediation

analysis of the above lipids in the pathway of BMI on

serum urate.

In mediation analysis, three parameters are typically

estimated: total effect (the effect of exposure on outcome

through all potential pathways), direct effect (the effect of

exposure on outcome when controlling for mediators), and

indirect effect (the effect of exposure on outcome that acts

through mediators).

Mendelian randomization (MR) such as the two-step

Mendelian randomization (13) and multivariable Mendelian
Frontiers in Endocrinology 02
randomization (14) has been used to investigate mediation

effects in recent years. MR uses genetic variants, normally

single nucleotide polymorphisms (SNPs), as instrumental

variables to estimate the causal effect of an exposure on an

outcome free from bias due to unknown confounders and

reverse causality (15). Figure 1 describes the core assumptions

of MR (16).

MR has previously been used to investigate the causal effects

of BMI on serum urate, TC, HDL, LDL, and TG and also the

effects of these four lipids on serum urate. Studies have shown

the association of BMI, lipids, and serum urate (17–19), but their

mediation effects are still to be determined. In this study, we

investigated the role of TC, HDL, LDL, and TG in mediating the

association of BMI with serum urate.

Due to the low rates of urate-lowering therapy in gout

patient, understanding the changes of these four lipids in the

risk of BMI on gout and preventing these risk factors are

veryimportant public health aims and are primary prevention

measures for higher-risk populations.
Materials and methods

Overall study design

We first established the association of BMI with serum urate

and then explored the mediation effect of the lipid traits. The

data analysis of this study was organized into two parts: part 1

involves observational analysis using the product of coefficients

(20) of the data from the National Health and Nutrition

Examination Survey (NHANES), and part 2 involves two-

sample MR analysis with summary-level genetic data. This

involved the two-step two-sample MR (13) and multivariable
FIGURE 1

The core assumptions of MR. Z represents the genetic instrument (SNPs), X the exposure (BMI, TC, HDL, LDL, and TG), Y the outcome (serum
urate), and U denotes the confounders of the relationship of X–Y. Assumptions: 1. Genetic variation is closely related to the exposure of interest,
g ≠ 0; 2. Genetic variation has nothing to do with confounding, j1 = 0; 3. Genetic variation only affects the outcome through X, j2 = 0.
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Mendelian randomization (14). We first used the two-step MR

to identify which of the lipids are possible mediators. Then,

multivariable MR was used to calculate the direct effect of BMI

and mediators on serum urate in order to calculate the size and

proportion of the mediation effect.
Data sources

Observational analysis
NHANES is a population-based survey designed to collect

information on the health and nutrition of the US household

population. Since data collection for 2019–2020 has not been

completed, the data from the NHANES 2017–2018 survey were

selected for this study. In this study, we obtained 3,036 participants,

of which 819 individuals were excluded due to missing data, and

2,217 were eventually included. We collected age, gender, education

level (the highest level or level of education completed by adults

20 years and older), marital status, family annual income, place of

birth, race, BMI, TC, HDL, LDL, TG, and serum urate. Among the

2,217 participants included, men accounted for 47.9%, and women

accounted for 52.1%. The mean age (standard deviation) of the

participants was 51.32 (17.65), 41.3% were under 60 years old, and

52.7% were over 60 years old. The average levels of BMI, TC, HDL,

LDL, TG, and urate were 29.82 kg/m2 (7.49), 185.75 mg/dl (41.09),

53.87 mg/dl (15.53), 110.38 mg/dl (36.19), 107.38 mg/dl (63.66),

and 5.53 mg/dl (1.50), respectively.

Two-sample MR analysis
Summary-level data were made publicly available and ethical

approval was obtained in the original studies (Table 1).

Summary-level data for BMI were derived from a recently

published meta-analysis of GWAS, including 681,275

European descent individuals from the Genetic Investigation

of Anthropometric Traits consortium (GIANT) (21). Genetic

association with HDL (N = 403,943), LDL (N = 440,546), and

TG (N = 441,016) were obtained from the UK Biobank (22). The

average age of these participants was 56.9 (range: 39–73) years

old and 54.2% were women. The mean values of the lipid

concentrations (standard deviation) were as follows:

HDL = 1.45 (0.38) mmol/L, LDL = 3.57 (0.87) mmol/L, and
Frontiers in Endocrinology 03
TG (median) = 1.50 (1.11) mmol/L. Summary-level data for TC

were obtained from the Global Lipids Genetics Consortium

(GLGC) involving 187,365 participants, and these participants

were from multiple ethnic populations including European, East

Asian, South Asian, and African (23). For serum urate,

summary-level data were from the Global Urate Genetics

Consortium genome-wide association study of serum urate

involving 110,347 participants of European ancestry (24). The

serum urate concentration ranged from 3.9 to 6.1 mg/dl

(median = 5.2 mg/dl). All SNPs used in each two-sample MR

analysis are provided in the Supplementary File.
Statistical analysis

Association of BMI on serum urate
In the observational analysis, we used multivariable linear

regression to estimate the association of BMI with serum urate.

We adjusted confounders including age, gender, annual family

income, education, marital status, race, and place of birth (25–27).

In the two-sample MR analysis, the causal effects were

investigated using the ratio method with standard errors

derived using the delta method (28). We used the random-

effects inverse variance weighted (IVW) method to pool MR

estimates across individual SNPs (29).

Mediation by TC, HDL, LDL, and TG
In the observational mediation analysis, when investigating

the degree to which the effects of BMI on serum urate are

mediated through each lipid trait (TC, HDL, LDL, and TG)

individually, we used the product of coefficients method to

estimate the indirect effect (20). This involved first estimating

the association of BMI on each lipid trait individually and then

multiplying this with the direct effect of those lipid traits on

serum urate after adjusting for BMI. We used multivariable

linear regression to estimate the association of BMI with each

lipid trait after adjusting for confounders (age, gender, annual

family income, education, marital status, race, and place of

birth). We then estimated the direct effect of each lipid trait

on serum urate after adjusting for BMI, age, gender, annual

family income, education, marital status, race, and place of birth.
TABLE 1 GWAS cohorts used in this study.

Phenotype First author
(year)

Sample size Consortium

BMI Yengo (2018) 681,275 GIANT

TC Willer (2013) 187,365 GLGC

HDL Richardson (2020) 403,943 UK Biobank

LDL Richardson (2020) 440,546 UK Biobank

TG Richardson (2020) 441,016 UK Biobank

Serum urate Kottgen (2013) 110,347 GUGC
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The two estimates were multiplied together to estimate the

indirect effect with confidence intervals derived using the non-

parametric bootstrap method (simulation times = 1,000).

Finally, we estimated the proportion of the effect of BMI on

serum urate that was mediated by each lipid trait by dividing the

indirect effect by the total effect.

In the two-sample MR analysis, we used the two-step two-

sample MR (13) to identify the potential mediator. The first step

involved estimating the causal effects of BMI on TC, HDL, LDL,

and TG, and the second step involved estimating the causal

effects of each lipid trait on serum urate. Then, BMI and the

mediators (the lipid trait was not only influenced by BMI but

also affected by serum urate) determined by the above steps were

simultaneously included in the multivariable Mendelian

randomization model (14) to estimate their direct effects on

serum urate. We estimated the indirect effect by multiplying the

effect of BMI on mediators with the direct effect of mediators on

serum urate. The proportion of mediation was calculated by

dividing the indirect effect by the total effect.

In the selection of SNPs to address the potential weak

instrument bias, we included SNPs that were genome-wide

significantly ( p< 5×10–8). All F statistics used in MR were

above 30, suggesting that a weak instrument bias was unlikely

(more details seen in the Supplementary File). To further ensure

the independence of the instruments, SNPs that were in linkage

disequilibrium (LD) were excluded from the instrument variable

set using the clumping algorithm (r2 threshold > 0.01 and

window size = 5,000 kb).
Sensitivity analysis
In the observational analysis, 819 individuals were excluded

due to data missing, and the proportion of missing values was

about 26%. To avoid possible selection bias, we imputed values

for those subjects with missing data using the MissForest

method (30). This method can successfully handle missing

values in the range of 10%–30%, especially in datasets

including different types of variables (30). We then performed

the observational analysis again for 3,036 subjects with

complete data.

In the two-sample MR, a range of sensitivity analyses was

carried out, including MR-Egger, weighted median estimator

(WME), and MR pleiotropy residual sum and outlier (MR-

PRESSO) (31–33). MR-Egger provides a valid test of pleiotropy,

and the estimated value of the intercept in MR-Egger can be

interpreted as an estimate of the average pleiotropic effect across

the SNPs. Moreover, the estimator of WME is consistent even

when up to 50% of the information comes from invalid SNPs.

MR-PRESSO was used to identify horizontal pleiotropic

SNPs and then estimated the causal effect excluding these

SNPs. Furthermore, mediation will be estimated with bias if

serum urate has an effect on BMI or the four lipid traits (means

reverse causality). We tested the reverse causal effect of BMI, TC,
Frontiers in Endocrinology 04
HDL, LDL, TG, and serum urate with each other using the IVW

and MR-Egger methods.

In this study, the estimates were betas. To account for

multiple testing, we employed a Bonferroni-corrected

threshold of p<0.0056 (0.05/9 to correct for one exposure and

four lipids in relation to serum urate). All statistical analysis was

performed using R (version 4.1.0.) software. We used

“TwoSampleMR (0.5.5)” package and “mediation” package to

implement MR and observational mediation analyses.
Results

Observational association of BMI with
mediators and outcome

After adjusting for age, gender, annual family income,

education, marital status, race, and place of birth, the total

effect of BMI on serum urate was 0.058 (95% CI: 0.051, 0.065;

p< 2×10–16), on TC −0.22 (95% CI: −0.46, 0.015; p=0.66), on

HDL −0.62 (95% CI: −0.69, −0.54; p< 2×10–16), on LDL 0.091

(95% CI: −0.11, 0.30; p =0.38), and on TG 1.55 (95% CI: 1.21,

1.89; p< 2×10–16).
Observational mediation analysis

After adjusting for age, gender, annual family income,

education, marital status, race, place of birth, and BMI, the

average mediation effects of HDL and TG on serum urate were

0.0059 (95% CI: 0.0029, 0.010; p< 2×10–16) and 0.0052 (95% CI:

0.0035, 0.010; p< 2×10–16), respectively. The mediated effects of

HDL and TG accounted for the total effect of BMI on UA was

10.2% and 8.9%, respectively. There was no evidence suggesting

that TC and LDL have mediated effects (Table 2).

In the observational sensitivity analysis with 3,036

individuals, the results were consistent with the above, where

the proportion of the mediated effects for HDL and TG was

10.7% and 5.1%. Moreover, there was also no evidence

suggesting that LDL has a mediated effect (Table 3).
MR association of BMI with mediators
and outcome

The two-sample MR showed that greater BMI was a risk

factor for a higher level of serum urate. For each standard

deviation of BMI increased, serum urate increased by 0.30 mg/

dl (95% CI: 0.25, 0.34; p = 2.37×10–35). There was a causal

relationship between BMI and the lipids. A greater BMI was

associated with lower levels of HDL (b = −0.30, 95% CI: −0.32,

−0.27; p = 1.39×10–104) and LDL (b = −0.20, 95% CI: −0.30,

−0.098; p = 1.04×10–4) and a higher level of TG (b = 0.21, 95%
frontiersin.org
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CI: 0.18, 0.25; p = 1.15×10–39.). There was no evidence for a

causal link between BMI and TC. The results of the sensitivity

analysis are consistent (Table 4). Table 5 shows the estimates of

TC, HDL, LDL, and TG on serum urate. Among the four lipids,

only TG has a causal relationship with serum urate (b = 0.22,

95% CI: 0.15, 0.29; p = 2.28×10–10.). For the relationship between

HDL and serum urate, the intercept of MR-Egger was
Frontiers in Endocrinology 05
statistically significant. Thus, we adopted the MR-Egger’s

result. Since TC, HDL, and LDL had no significant causal

effect on serum urate, it indicated that only TG may be the

mediator of BMI on serum urate.

We used BMI and TG as independent variables in the

multivariable Mendelian randomization model to estimate their

direct effect on serum urate. The direct effects of BMI and TG on
TABLE 2 The results of observational mediation analysis.

Estimation 95% CI lower 95% CI upper p-value

TC
ACME
ADE
Total effect
Prop.Mediated
HDL

−0.00031
0.058
0.058

−0.0046

−0.0010
0.050
0.049
−0.017

0.00
0.070
0.070
0.00

0.13
p<2 × 10−16

2 × 10−16

0.13

ACME 0.0059 0.0029 0.010 <2 × 10−16

ADE 0.052 0.045 0.060 <2 × 10−16

Total effect 0.058 0.051 0.060 <2 × 10−16

Prop.Mediated 0.102 0.049 0.15 <2 × 10−16

LDL

ACME
ADE
Total effect
Prop.Mediated

0.00013
0.058
0.058
0.0020

−0.00020
0.051
0.051

−0.0034

0.000
0.060
0.070
0.010

0.44
<2 × 10−16

<2 × 10−16

0.44

TG
ACME
ADE
Total effect
Prop.Mediated

0.0052
0.053
0.058
0.089

0.0035
0.046
0.051
0.058

0.010
0.060
0.060
0.12

<2 × 10−16

<2 × 10−16

<2 × 10−16

<2 × 10−16
fro
ACME, average causal mediation effect; ADE, average direct effect.
TABLE 3 The sensitivity of observational mediation analysis.

Estimation 95% CI lower 95% CI upper p-value

TC
ACME
ADE
Total effect
Prop.Mediated
HDL

0.0002
0.058
0.058
0.0024

−0.00009
0.052
0.052

−0.0015

0.00
0.06
0.06
0.01

0.22
<2 × 10−16

<2 × 10−16

0.22

ACME 0.0065 0.0041 0.010 <2 × 10−16

ADE 0.052 0.046 0.060 <2 × 10−16

Total effect 0.059 0.054 0.060 <2 × 10−16

Prop.Mediated 0.107 0.068 0.14 <2 × 10−16

LDL

ACME
ADE
Total effect
Prop.Mediated

0.00036
0.058
0.058
0.0066

−0.00025
0.052
0.052

−0.0043

0.000
0.060
0.060
0.020

0.26
<2 × 10−16

<2 × 10−16

0.26

TG
ACME
ADE
Total effect
Prop.Mediated

0.0030
0.055
0.058
0.051

0.0015
0.050
0.052
0.025

0.00
0.060
0.060
0.080

<2 × 10−16

<2 × 10−16

<2 × 10−16

<2 × 10−16
n

ACME, average causal mediation effect; ADE, average direct effect.
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TABLE 4 The effect of BMI on serum urate and lipid traits.

Outcome Method nSNPs Betas (95% CI) p-value

Urate IVW 851 0.30 (0.25, 0.34) 2.37 × 10−35

MR-Egger 851 0.34 (0.21, 0.48) 6.06 × 10−7

Egger-intercept −0.00076 0.45

WME 851 0.31 (0.25, 0.36) 1.37 × 10−32

MR-PRESSO 838 0.32 (0.29, 0.35) 6.71 × 10−65

TC IVW 856 −0.030 (−0.075, 0.015) 0.18

MR-Egger 856 −0.16 (−0.28, −0.042) 0.0071

Egger-intercept 0.0022 0.018

WME 856 −0.039 (−0.078, 0.00020) 0.054

MR-PRESSO 820 −0.029 (−0.070, 0.012) 0.17

HDL IVW 964 −0.30 (−0.32, −0.27) 1.39 × 10−104

MR-Egger 964 −0.31 (−0.38, −0.23) 3.93 × 10−14

Egger-intercept 0.00014 0.81

WME 964 −0.29 (−0.31, −0.28) 5.18 × 10−197

MR-PRESSO 863 −0.32 (−0.32, −0.30) 1.69 × 10−203

LDL IVW 964 −0.068 (−0.10, −0.034) 9.45 × 10−5

MR-Egger 964 −0.20 (−0.30, −0.098) 1.04 × 10−4

Egger-intercept 0.0020 0.0066

WME 964 −0.060 (−0.079, −0.042) 5.24 × 10−10

MR-PRESSO 908 −0.049 (−0.054, −0.035) 4.40 × 10−12

TG IVW 964 0.21 (0.18, 0.25) 1.15 × 10−39

MR-Egger 964 0.18 (0.091, 0.28) 1.11 × 10−4

Egger-intercept 0.00047 0.50

WME 964 0.23 (0.21, 0.245) 5.62 × 10−105

MR-PRESSO 853 0.25 (0.23, 0.27) 4.36 × 10−142
Frontiers in Endocrinology
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TABLE 5 Effect of lipid traits on serum urate.

Exposure Method nSNPs Betas (95% CI) p-value

TC IVW 109 −0.035 (−0.096, 0.026) 0.26

MR-Egger 109 0.019 (−0.10, 0.14) 0.75

Egger-intercept −0.0029 0.31

WME 109 −0.048 (−0.097, 0.001) 0.055

MR-PRESSO 101 −0.020 (−0.077, 0.037) 0.49

HDL IVW 208 −0.090 (−0.14, −0.039) 0.00047

MR-Egger 208 −0.00056 (−0.074, 0.072) 0.99

Egger-intercept −0.0032 0.0013

WME 208 −0.059 (−0.12, 0.00069) 0.054

MR-PRESSO 203 −0.080 (−0.13, −0.035) 0.00057

LDL IVW 79 −0.0027 (−0.13, 0.12) 0.97

MR-Egger 79 0.071 (−0.16, 0.30) 0.55

Egger-intercept −0.024 0.46

WME 79 −0.043 (−0.14, 0.057) 0.39

MR-PRESSO 74 −0.065 (−0.14, 0.0075) 0.084

TG IVW 174 0.22 (0.15, 0.29) 2.28 × 10−10

MR-Egger 174 0.11 (0.0024, 0.22) 4.66 × 10−2

Egger-intercept 0.0033 0.013

WME 174 0.15 (0.077, 0.23) 1.73 × 10−4

MR-PRESSO 164 0.19 (0.14, 0.24) 1.84 × 10−10
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serum urate obtained by the IVWmethod were 0.27 (95% CI: 0.21,

0.33; p = 1.27×10–19) and 0.21 (95% CI: 0.16, 0.26, p=4.21×10−17),

respectively; the direct effect estimated by MR-Egger was consistent

with the IVW method (Figure 2). The mediated effect of TG was

0.045, the total effect of BMI on serum urate was 0.32, and the

proportion of mediated effect of TG was 14.1%. Reverse MR

analysis suggested that there was no reverse association between

BMI, TC, HDL, LDL, TG, and serum urate (Table 6).
Discussion

In this study, observational and MR analyses supported that

TG can explain the effect of BMI on serum urate to a certain

extent. A potential mechanism is that TG synthesis accelerates the
Frontiers in Endocrinology 07
de-novo synthesis of ribose-5-phosphate to phosphoribosyl

pyrophosphate through the common metabolic pathway of

NADP–NADPH, resulting in increased serum urate production

(34). In the observational analysis, we suggested that the

mediating effect of TG accounted for 8.9% of the total effect

(BMI-serum urate). For increasing the reliability of the results, we

further took the two-step two-sample MR and multivariable

Mendelian randomization to prove the mediation effect.

Moreover, the two-sample MR showed that the proportion of

mediation effect of TG was about 14.1%. Although the point

estimates were different, both methods indicated the same

conclusions. Moreover, existing studies have shown that greater

BMI was associated with a higher level of TG and serum urate and

the level of TG was also positively correlated with serum urate (12,

17, 19), which were consistent with our findings.
TABLE 6 The results of reverse MR.

Methods nSNPs Betas (95% CI) p-value

Urate–BMI IVW 25 −0.022 (−0.054, 0.0092) 0.16

MR-Egger 25

Slope −0.031 (−0.085, 0.022) 0.26

Intercept 0.00097 0.68

Urate–TC IVW 33 0.031 (−0.038, 0.10) 0.38

MR-Egger 33

Slope 0.070 (−0.040, 0.18) 0.22

Intercept −0.0045 0.38

Urate–TG IVW 28 0.071 (−0.039, 0.18) 0.21

MR-Egger 28

Slope −0.0069 (−0.18, 0.16) 0.94

Intercept 0.0010 0.26

Urate–HDL IVW 28 −0.026 (−0.062, 0.010) 0.16

MR-Egger 28

Slope 0.014 (−0.041, 0.068) 0.63

Intercept −0.0051 0.074

Urate–LDL IVW 28 −0.0040 (−0.047, 0.039) 0.86

MR-Egger 28

Slope 0.030 (−0.037, 0.097) 0.38

Intercept −0.0044 0.20
fronti
The Bonferroni method was used to correct the significance level of the causal association between exposures and serum urate, with p<0.0056 (0.05/9) being statistically significant.
FIGURE 2

Forest plot of multivariable Mendelian randomization.
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The point estimates of MR were slightly larger than the

estimates of the observational study likely due to MR using

genetic variants as instrumental variables to estimate the

causal effect of exposure mediators and outcome. The

influence of a gene on its phenotype has a lifetime effect.

However, an observational study focuses on the effect of

exposure on the outcome at a certain point in its

investigation. These may explain the relatively large

point estimates in MR. Additionally, this could be due to

unknown confounding in the observational analysis. The

studies by Alice R. Carter and others also suggested that the

estimation of MR is greater than in observational studies

(13, 35).

In the estimation of HDL-mediated effect, the results of the

observational study showed that the proportion of HDL-

mediated effect was 10.2%, while in MR, only the IVW

approach suggested that serum urate decreased with the

increase of HDL. The results of MR-Egger and WME showed

that there was no causal effect between HDL and serum urate.

Since the intercept term in the MR-Egger model was

statistically significant, it indicated that the SNPs included in

the MR model existed in horizontal pleiotropy, but the IVW

method could not correct for the impact of the horizontal

pleiotropy; for this, we adopted the result of the MR-Egger

method here. The different results between observational

analysis and MR may be due to the absence of unmeasured

confounding in the multivariable linear regression model. In

the analysis of LDL, observational and MR results suggested

there was no causal relationship between LDL and serum urate.

It suggested that LDL may not be the mediator in the pathway

of BMI on serum urate.

In the two-sample MR analysis, there was some overlap

between the samples of exposure and mediators, which

could bias the estimates from the two-sample MR toward

the confounded observational association, for example,

weak instrument bias. Fortunately, bias from the sample

overlap can be minimized by using strong instruments

(F statistic greater than 10 for the instrument–exposure

association) (36, 37). Moreover, the robust strength of our

instruments for BMI (mean F statistic of 59) likely

minimized any potential impact of sample overlap bias in

our results.

In recent years, the incidence and prevalence of gout are

increasing worldwide in close relation to the epidemic of

obesity and metabolic syndrome. Therefore, it is very

important to control BMI and its mediators on serum

urate at the same time to reduce the risk of obesity-related

gout. Our results suggested that reducing the level of TG

may alleviate the increased prevalence of gout which is

caused by the increasing BMI to a certain extent. More
Frontiers in Endocrinology 08
importantly, there is evidence indicating that statins can

reduce the level of TG in our body (38); studies have also

confirmed that there is a rare variant in APOC3 having a

marked effect on TG levels, which provides a potential target

for the development of drugs to reduce the level of TG (39,

4 0 ) . Th i s mean s t h a t c on t r o l l i n g BMI and TG

simultaneously to reduce the occurrence of gout is a

practical preventive measure.
Strengths and limitations

This study used observational and two-sample MR analyses

to determine the mediators and the size of the mediation effect.

We have used these two methods, each with different potential

sources of biases, to improve the reliability of our results through

triangulation (41). For unmeasured confounding and reverse

causality in observational analysis, we used MR to correct the

biases. In MR analysis, we identified the mediators by using the

two-step two-sample MR, and then multivariable Mendelian

randomization was used to estimate the direct effect of exposure

and mediator on outcome.

Both methods used in this study assumed that the

relationship of BMI, TC, HDL, LDL, TG, and serum urate is

linear, and whether there is a non-linear relationship needs to be

further explored. Another important limitation of our study is

that we assumed that there is no interaction between BMI and

the four lipids. In view of the mediated effects, TG can only

explain 14.1% of the effect of BMI on serum urate, indicating

that there are still other factors that can explain the effect of BMI

on serum urate, and these factors may be the future direction of

follow-up research.
Conclusions

In this study, observational and MR analyses were used to

analyze the mediated effect of TC, HDL, LDL, and TG in the

pathway of BMI on serum urate. Our results indicated that TG

mediated the effect of BMI on serum urate to a certain extent,

and the risk of gout may be reduced by controlling both BMI

and TG.
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