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Abstract

Background: Observational studies indicated that serum uric acid (SUA) was associated with male sexual hormones and erectile dysfunction
(ED). However, their relationship was still heterogeneous.

Aim: This study conducted 2-sample univariate mendelian randomization (UVMR) and multivariate mendelian randomization (MVMR) to explore
the causal relationship between SUA and sexual hormones as well as ED.

Methods: Genetic variants associated with SUA were derived from the UK Biobank database (N =437 354). Outcomes from the IEU Open
GWAS and summary data sets were sexual hormones (sex hormone-binding globulin [SHBGI, testosterone, estradiol [E2], follicle-stimulating
hormone, luteinizing hormone) and ED, with 3301 to 625 650 participants. UVMR analysis primarily utilized the inverse variance weighted method,
complemented by MVMR analysis. Thorough sensitivity analyses were carried out to ensure the reliability of results. Moreover, mediation analysis
was conducted to estimate the mediated effect between SUA and outcomes.

Outcomes: The primary outcomes included results of UVMR and MVMR analysis and mediation analysis, along with sensitivity analyses involving
the Cochran Qtest, the MR Egger intercept test, leave-1-out analysis, and the MR-PRESSO method (mendelian randomization pleiotropy residual
sum and outlier).

Results: UYMR analysis revealed that an elevated SUA level could decrease levels of SHBG (8 =-0.10, P=1.70 x 1077) and testosterone (8 =—
0.10, P=5.94 x 1073) and had a positive causal effect on ED (odds ratio, 1.10; P =.018). According to reverse mendelian randomization results,
increased levels of SHBG (8 =-0.06, P=4.82 x 10™%) and E2 (8 =-0.04, P=.037) could also reduce SUA levels. As shown by MVMR analysis,
SUA had a negative effect on SHBG and testosterone levels (P < .05), while the significant causal relationship between SUA and ED disappeared.
Furthermore, SHBG mediated 98.1% of the effect of SUA on testosterone levels. Results of other mendelian randomization analyses were not
statistically significant. No pleiotropy was found by sensitivity analysis in this study.

Clinical Implications: Given the causal relationship between SUA and sexual hormones, we must focus on SUA and E2 levels in men, especially
patients with hypogonadism and ED.

Strengths and Limitations: This study evaluated the causal effect of SUA on male sexual hormones and ED genetically for the first time,
clarifying the common biases in observational studies and confirming the negative relationship between SUA and testosterone level. Limitations
include a population based on European ancestry, some crossover of the samples, and unobserved confounding factors.

Conclusion: Genetic studies provide evidence for the causal relationship between SUA and male sexual hormones (SHBG, testosterone, E2),
while the relationship between SUA and ED should be further evaluated.

Keywords: mendelian randomization; serum uric acid; sex hormone-binding globulin; testosterone; estradiol; erectile dysfunction.

Introduction high affinity for androgen and transports testosterone in the

Erectile dysfunction (ED) refers to the disease where men
cannot get or keep an penile erection hard enough for sat-
isfactory sexual intercourse.! ED is influenced by multiple
factors, severely affecting men’s physical and mental health.
It is estimated that the overall prevalence of ED was 0.9% to
52% in European men aged <60 years, which was even higher
in men aged >60 years (8.3%-88.8%).2

Researchers have recently found that changes in levels
of sex hormone-binding globulin (SHBG) and male hor-
mones—testosterone, estradiol (E2), follicle-stimulating hor-
mone (FSH), and luteinizing hormone (LH)—may lead to
various sexual dysfunctions, including ED.> SHBG has a

body.* Testosterone affects the synthesis of cyclic guanosine
monophosphate as a second messenger, reducing intracellular
calcium ions and relaxing smooth muscle.® At the same time,
testosterone regulates the expression and activity of phospho-
diesterase 5 inhibitors, which together participate in the pro-
cess of penile erection.® E2 negatively regulates the secretion
of gonadotropins, reducing the testosterone level.” However,
E2 could increase the activity of nitric oxide synthase, accel-
erating the synthesis of endothelial nitric oxide.? In addition,
FSH and LH stimulate the testes to produce testosterone, and
test(;sterone negatively regulates the secretion of FSH and
LH.
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Serum uric acid (SUA) is the metabolite of purine, which
is associated with metabolic diseases such as metabolic syn-
drome, hypertension, and diabetes.'” A high SUA level could
cause damage to vascular endothelium and inhibit endothelial
repair, making it an independent risk factor for cardiovascular
disease.!! It is confirmed that ED has several risk factors
similar to cardiovascular disease, including smoking, diabetes,
hypertension, dyslipidemia, and obesity; thus, we considered
SUA a potential risk factor for ED.'> Moreover, Long et al
found that high SUA might cause the increase of reactive oxy-
gen species and the decrease of nitric oxide in hyperuricemia
rats, which were associated with the occurrence of ED.!3

Epidemiologic studies have revealed the associations
between SUA and sexual hormone levels as well as ED, but
studies from different populations in different regions are
still heterogeneous. A study for Russian gout patients found
that high SUA could inhibit the secretion of testosterone and
E2.'* However, Wang and Charchar reported no significant
association between SUA and E2 in the US adolescent
population.'> At present, the effect of SUA on male sexual
hormones as well as ED is mostly reported by studies of
patients with specific diseases, such as hypertension and
diabetes, which limits the generalization of the findings. To the
best of our knowledge, no previous study has investigated the
causal relationships between SUA and male sexual hormones
as well as ED using genetic data.

Mendelian randomization (MR) uses genetic variants ran-
domly distributed in population, which mirror the different
disease risk due to exposure factors.'® The principle of MR
is based on Mendel’s second law of independent assortment,
when DNA is transmitted from parents to offspring at gamete
formation.!” Individuals with or without some genetic vari-
ants were followed up to observe the relevant health outcomes
and analyze the influence of genetic variants on the disease
risk, which is similar to random assignment in randomized
controlled trials.'8

Hence, we could select certain genetic variants as instru-
ment variables (IVs), such as single-nucleotide polymorphisms
(SNPs) highly associated with exposure factors, and assess
the risk of outcomes in individuals possessing these IVs. The
causal estimates could be obtained from dividing the IVs-
outcome association by the IVs-exposure association, which is
also called Wald estimates.'” By summarizing multiple Wald
estimates from different SNPs via specific methods, we could
infer the causal relationship between exposure and outcome.
As compared with observational studies, MR studies have
significant advantages, including the large sample size and
the ability to minimize the impact of confounding factors,
thus providing convincing evidence about the causal effect of
risk factors on diseases from genetic data. In this study, we
conducted a bidirectional 2-sample MR analysis on large-scale
genome-wide association studies (GWASs) to investigate the
causal associations between SUA and male sexual hormones
as well as ED. In addition, we performed multivariate MR
(MVMR) and mediation analysis to minimize bias due to
potential confounders and investigate whether any factors
mediated the causal effect.

Methods
Study design

In this study, we used a 2-sample MR analysis to explore the
relationship between SUA and male sexual hormones as well
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as ED. In MR analysis, SNPs associated with exposure were
selected as IVs, and 3 assumptions should be fulfilled: (1) IVs
are highly associated with exposure (P < 5 x 1078); (2) IVs are
not associated with confounders of outcomes; (3) IVs are not
themselves associated with outcomes.!’

First, univariate MR (UVMR) analysis was used to estimate
the causal effects of SUA on male sexual hormones (SHBG,
testosterone, E2, FSH, LH) and ED. Second, bidirectional
UVMR analysis was performed to evaluate the reverse cau-
sation effect of male sexual hormones and ED on SUA. Third,
MVMR analysis was conducted to adjust for confounding
factors on the causal relationship. Finally, we performed 2-
step MR analysis to investigate if any mediator causally
mediated the connection. A detailed flowchart summarizes
the study design (Figure 1). All data were publicly available
and from populations of European ancestry. The study fol-
lowed the STROBE-MR reporting guidelines (Strengthening
the Reporting of Observational Studies in Epidemiology—
Mendelian Randomization).2’

Data source

Genetic variants associated with SUA were obtained by the
IEU Open GWAS data sets (https://gwas.mrcieu.ac.uk) of
437 354 individuals with 4231 909 SNPs. Summary data sets
for SHBG and testosterone were from the study by Leinonen
et al, with individuals from the UK Biobank and FinnGen
(N'=625650) and SNPs of 17 239 131.2! GWAS data on E2
were derived by Pott et al, with populations from the LIFE-
Adult and LIFE-Heart cohorts, with a sample size of 13 369
and a number of SNPs of 1 037 249.22 The genetic data of
FSH and LH were derived from healthy blood donors in the
INTERVAL study, which could be obtained by the IEU Open
GWAS data sets.

Data related to ED were from a recent GWAS meta-analysis
of 3 cohorts (the Partners HealthCare Biobank, Estonian
Genome Centre of the University of Tartu, and the UK
Biobank), with a total of 223 805 individuals.2?> The details
are presented in Table S1.

IV selection

The study first selected SNPs highly associated with SUA level
based on the threshold of P < 5 x 108 to reach genome-wide
significance. When the reverse analysis was conducted, a more
liberal P value threshold of 5 x 10~ was applied for the IV
selection for E2, FSH, LH, and ED, since there were few SNPs
highly associated with them.>* Subsequently, aggregation was
performed with stringent criteria (#2 < 0.001, kb=10 000) to
screen out SNPs containing linkage disequilibrium. Then we
excluded SNPs pleiotropically associated with the common
confounding factors (type 2 diabetes, hypertension, hyper-
lipemia, obesity, and smoking) through PhenoScanner Pheno
Scanner V2.2 In addition, the F statistics of all SNPs were
calculated to evaluate the validity of IVs, with the formula
F=R*x(N-2)/(1-R*»)%

Before the MR analysis, radial MR and MR-PRESSO (MR
pleiotropy residual sum and outlier) were applied to test
and exclude possible outlier SNPs. Finally, the exposure and
outcome data sets were merged for the MR analysis.!”

Statistical analysis

This study used 5 methods to investigate the relationship
between SUA and male sexual hormones as well as ED: inverse
variance weighted (IVW), MR Egger, weighted median,
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Figure 1. Study flow graph. Schematic representations: (A) univariate mendelian randomization analysis, (B) multivariate mendelian randomization
analysis, and (C) 2-step mendelian randomization analysis. IVs, instrumental variables.

weighted mode, and simple mode. The IVW method is the
primary one for MR analysis, which combines the Wald ratio
estimates for all IVs. If heterogeneity exists, a random effect
model is used; otherwise, a fixed effect model is adopted.®
The MR Egger and weighted median methods are used to
supplement the IVW method, testing the robustness of the
conclusions when pleiotropy exists. In addition, we adopted
the weighted mode method to obtain the smaller bias under
a limited sample size. The simple mode method could group
SNPs based on whether the estimated causal effect is similar.

The MVMR analysis was conducted to confirm the causal
relationship between SUA and male sexual hormones as well
as ED.27 In addition, mediation analysis was conducted to
investigate if any mediator causally mediated the association.
Three estimates were performed for mediation analysis: the
total effect of SUA on the outcome, the direct effect o of
SUA on the mediator, and the direct effect B of the mediator
on the outcome. Mediation effect could be calculated by the
following equation: mediation effect=a x 8. The proportion

of the mediation effect was also estimated as the total causal
effect of SUA on the outcome divided by the mediation effect.

The heterogeneity test of IVs is implemented through the
Cochran Q test, and the pleiotropy is tested via the MR Egger
intercept method. In addition, the leave-1-out method is used
as a sensitivity analysis to check whether the results are robust
by calculating the combined effect of the remaining SNPs after
excluding each SNP in turn. In addition, the symmetry of the
funnel plot is observed to check the stability of the results.

All statistical analysis was performed with R (version 4.1.2).
The R packages “TwoSampleMR” and “MendelianRandom-
ization” were used for MR analysis and plotting. The signifi-
cance level & was set at 0.0S5.

Results
IV selection

The study first found 325 SNPs strongly associated with SUA
from the GWAS database as the exposure. Subsequently, 9
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Outcome SNPs Beta(95%Cl) P.Value
SHBG, nmol/L 17 :

MR Egger -0.08(-0.19 to 0.02) '—'—E—‘ 0.105
Weighted median 0.12(-0.17 to -0.06) +—*+— i <0.001
Inverse variance weighted 0.16(-0.21 to -0.11) <—=— i <0.001
Testosterone, nmol/L 135 i

MR Egger -0.01(-0.17 to 0.14) : +| 0.870
Weighted median -0.04(-0.08 to 0.01) ’—’—5" 0.166
Inverse variance weighted -0.11(-0.17 to -0.04) +——=—+ i 0.002
E2, pmol/L 212 |

MR Egger 0.02(-0.05 to 0.09) '—i’—' 0.579
Weighted median 0.01(-0.06 to 0.08) S 0.851
Inverse variance weighted 0.00(-0.05 to 0.05) *—‘:*—‘ 0.978
FSH, IU/L 282 i

MR Egger 0.07(-0.07 to 0.20) ’ ; . 0.325
Weighted median 0.08(-0.07 to 0.23) E s 0.284
Inverse variance weighted 0.10(-0.01 to 0.20) h——+—0.065
LH, 1U/L 282 i

MR Egger 0.09(-0.05 to 0.22) ! : + 0.200
Weighted median 0.10(-0.04 to 0.25) — * 0.162

Inverse variance weighted

0.08(-0.02 to 0.18)

Figure 2. Causal relationship between serum uric acid and sexual hormone levels.

SNPs with linkage disequilibrium were screened out. After
SNPs associated with the confounding factors as well as the
outliers were excluded, the numbers of SNPs finally included
were as follows: 117, 135, 212, 282, and 282 SNPs as IVs
for SHBG, testosterone, E2, FSH, and LH, respectively, and
284 SNPs for ED. Furthermore, 87, 76, 15, 23, 39, and 25
SNPs strongly associated with SHBG, testosterone, E2, FSH,
LH, and ED were identified as IVs for the reverse MR analysis
(Tables S2-S8). All IVs had F values >10.

UVMR analysis

Overall, a negative causal relationship was found between
SUA and SHBG as well as testosterone, while SUA had no
significant causal effect on E2, FSH, and LH. As shown in
Figure 2, results from the IVW method showed that SUA
had a negative causal effect on SHBG levels (8 =—0.16; 95%
CL, —0.17 to —0.04; P=1.04 x 10719). The Cochran Q test
yielded P < .05, indicating the presence of heterogeneity; thus,
the random effect model was adopted. The MR Egger inter-
cept test resulted in P=.109 > .05, which excluded the pres-
ence of pleiotropy. The other 4 methods were used to supple-
ment the results of the IVW method (Figure S1). Results of the
weighted median (8=—0.12, P=1.04 x 107), simple mode
(B=—0.14, P=6.34 x 1073), and weighted mode (8 =—0.10,
P=5.40 x 107#) were consistent with the IVW method, which
further validated the causal relationship between SUA and
SHBG levels (Table S9).

For testosterone levels, we found a negative causal relation-
ship between SUA and testosterone levels (8=-0.11; 95%
ClI, -0.17 to -0.04; P=2.16 x 1073). The Cochran Q test
indicated the presence of heterogeneity, and the MR Egger test
showed that there was no horizontal pleiotropy in the study
results (P =.187).

In addition, SUA displayed no significant causal association
with E2, FSH, and LH levels (Figure 2). Results from the other
4 analysis methods also did not find a significant causal effect
of SUA on the 3 hormones (Table S9). The Cochran Q test
and MR Egger test yielded P > .05, indicating that there was
no heterogeneity or pleiotropy in the MR analysis.

The leave-1-out analysis was used for sensitivity analysis
(Table S10). No outliers were found to drive a significant
impact on the causal association estimates. In addition, the
funnel plot confirmed that there were no outliers leading to
an increase in pleiotropy for the MR analysis (Figure S2).

Figure 3 showed a positive causal association between SUA
and ED by MR analysis (odds ratio, 1.10; 95% CI, 1.02-
1.19; P=.018). Heterogeneity and horizontal pleiotropy tests
resulted in P > .05 (Table S9), and sensitivity analysis demon-
strated that there were no SNPs with a significant impact on
the results among 284 IVs included (Figure S2).

Reverse MR analysis

We conducted a reverse MR analysis to assess the causal effect
of male sexual hormones and ED on SUA levels (Figure 4).
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Outcome SNPs  OR(95%CI) P.Value
ED 284

MR Egger 1.07(0.96 to 1.18) 1 0.230
Weighted median 1.08(0.96 to 1.21) 2 ~0.219

Inverse variance weighted

1.10(1.02 to 1.19)
[

——0.018

i e o S L SV

0.9 1.2

Figure 3. Causal relationship between serum uric acid level and erectile dysfunction.

Table 1. Genetic prediction of the causal relationship between serum uric acid levels and male sexual hormones as well as ED by multivariate mendelian

randomization analysis.

Outcome SNPs B (95% CI) P value
SHBG 217 -0.094 (-0.141,-0.047) 9.67 x 107
Testosterone 217 -0.051 (-0.087,-0.015) 5.72x 1073
Estradiol 217 -0.031 (-0.079, 0.017) 206

FSH 218 0.046 (-0.058, 0.150) 391

LH 218 0.074 (-0.033, 0.181) 174

ED 218 0.976 (0.904, 1.053)* 523

Abbreviation: ED, erectile dysfunction; FSH, follicle-stimulating hormone; LH, luteinizing hormone; SHBG, sex hormone-binding globulin; SNP, single-

nucleotide polymorphism. 2Odds ratio (95% CI) for ED.

The increase in SHBG (8=-0.06; 95% CI, -0.09 to -0.02;
P=4.82 x 107*) and E2 levels (8 =-0.04; 95% CI, -0.07 to —
0.00; P=.037) could significantly reduce SUA levels. In addi-
tion, the weighted median method showed consistent results.
The simple mode method demonstrated a significant causal
relationship between testosterone and SUA levels (8 =-0.08;
95% CI, -0.15 to —0.00; P =.044). However, no significant
effects of FSH, LH levels, and ED on SUA were observed
(Table S11).

MVMR analysis

MVMR analysis was conducted to adjust for confounding
factors (type 2 diabetes, hypertension, hyperlipidemia, obesity,
smoking), and the results are shown in Table 1. After adjusting
for potential risk factors, causal relationships between SUA
and SHBG as well as testosterone levels were weakened but
still significant (SHBG, 8=-0.094, P=9.67 x 107; testos-
terone, =-0.051, P=5.72 x 10~3). However, the significant
causal relationship between SUA and ED disappeared. In addi-
tion, no significant causal relationships were found between
SUA and E2, FSH, and LH levels (Table S12).

Mediation analysis

We further explored the potential mediating role of SHBG
in the association between SUA and testosterone levels, since
SHBG could bind to testosterone and it affects testosterone
levels (Table 2). SUA has negative causal relationships with
testosterone and SHBG levels. Moreover, we conducted
an MR analysis between SHBG and testosterone levels
(Table S13). Given these results, we calculated the mediation
effect of SHBG on the causal relationship between SUA and
testosterone levels as -0.104 (95% CI, -0.135 to -0.073),
with a proportion of 98.1%. This suggested that the effect
of SUA on testosterone levels might be mainly mediated by
changes in SHBG levels.

Discussion

In this study, we investigated the causal relationship between
SUA and male sexual hormones as well as ED using genetic

data for the first time. The results showed a causal relationship
between increased SUA and decreased SHBG, which mediated
the decrease of the testosterone level. Yet, the increase in
SHBG and E2 could significantly reduce SUA levels. No
significant causal effect of SUA on E2, FSH, and LH levels
was observed. Moreover, there may be a causal relationship
between SUA and ED, but further research is needed.

We first found a bidirectional causal relationship between
SUA and SHBG levels by UVMR analysis. A large cross-
sectional study reported that SHBG in adolescents is neg-
atively correlated with uric acid, which was also observed
in diabetic men.’3»28 The mechanism might be that intra-
cellular uric acid reduces SHBG production by inactivating
adenosine monophosphate-activated protein kinase or reduc-
ing endothelial nitric oxide synthase activity and leading to
hyperinsulinemia.”’ In addition, clinical studies suggested that
SUA might trigger oxidative stress and tissue damage, which
cause the release of inflammatory cytokines tumor necrosis
factor « and interleukin 18, decreasing the production of
SHBG.3? However, studies have demonstrated that a low
level of SHBG is related to alterations in several features of
metabolic syndrome.3! As part of the metabolic syndrome,
hyperuricemia is likely to be affected by SHBG. Moreover,
SHBG is the main transport protein for testosterone and E2,
modulating their biological activity; thus, it is considered to
exert an indirect effect on SUA by regulating the levels of
sexual hormones such as E2.3?

In this study, MR analysis revealed that there was a nega-
tive causal relationship between SUA and testosterone levels,
where SHBG was mediating the pathway. A survey of 7796
males in the United States found a significant negative corre-
lation between SUA and total testosterone levels, which well
supported our conclusion.?? It is believed that the increase in
SUA could lead to metabolic syndrome and insulin resistance,
increasing the testosterone converted to E2 and decreasing
testosterone production by Leydig cells.>*3” In this study, we
suggested that high SUA could decrease the level of SHBG,
which binds to testosterone with high affinity, causing the
decrease of the testosterone level.3® Epidemiologic studies
reported that total testosterone was negatively correlated
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Outcome SNPs  Beta(95%Cl) P.Value
SHBG, nmol/L 87 j
MR Egger -0.02(-0.08 to 0.04) - : 0.446
Weighted median -0.05(-0.07 to -0.02) ] E <0.001
Inverse variance weighted -0.06(-0.09 to -0.02) +——=—- E <0.001
Testosterone, nmol/lL 76 E
MR Egger 0.01(-0.04 to 0.07) P 0.604
Weighted median 0.01(-0.02 to 0.03) '—:“—‘ 0.683
Inverse variance weighted -0.02(-0.06 to 0.01) '—'—E—‘ 0.163
E2, pmol/L 15 i
MR Egger 0.06(-0.05 to 0.18) ’ i * 0.290
Weighted median -0.04(-0.07 to -0.01) . E 0.007
Inverse variance weighted -0.04(-0.07 to -0.00) '—*—1E 0.037
FSH, UL 23 E
MR Egger -0.02(-0.04 to 0.00) *—*—! 0.067
Weighted median 0.00(-0.01 to 0.01) - 0.847
Inverse variance weighted -0.00(-0.01 to 0.01) '—‘:—' 0.809
LH, 1U/L 39 E
MR Egger 0.00(-0.01 to 0.01) - 0.688
Weighted median 0.00(-0.01 to 0.01) '-+I-' 0917
Inverse variance weighted -0.01(-0.01 to 0.00) ] 0.061
ED 25 E
MR Egger -0.01(-0.04 to 0.01) '—‘—e—' 0.373
Weighted median 0.00(-0.01 to 0.01) '—?H 0.618
Inverse variance weighted 0.00(-0.01 to 0.02) He— 0.481
-0.l05 0.65

Figure 4. Reverse causal effect of sexual hormone levels and erectile dysfunction on serum uric acid levels. Odds ratio for erectile dysfunction is shown

in the figure.

Table 2. Mediation effect of SHBG in the causal relationship between SUA and testosterone levels.

Effect? B SE P value
TotalP -0.106 0.035 .002
Direct o -0.159 0.025 <.001
Direct g4 0.654 0.016 <.001
Effect size 95% CI Proportion (%)
Mediation® -0.104 -0.135,-0.073 98.1

Abbreviation: MR, mendelian randomization; SHBG, sex hormone-binding globulin; SUA, serum uric acid. *Exposure: SUA. Mediator: SHBG. Outcome:
testosterone. bThe causal effect of SUA on testosterone in MR analysis. Beta of inverse variance weighted method was used for mediation analysis. “The
causal effect of SUA on SHBG in MR analysis. dThe causal effect of SHBG on testosterone in MR analysis. “The effect of SUA on testosterone mediated

through SHBG.

with SUA and positively correlated with SHBG in overweight
men, which is consistent with the findings in our study.?’ A
clinical study also revealed the positive correlation between
SHBG and total testosterone levels in male patients with
hypogonadism.*’ The mechanism might be related to the
hypothalamic-pituitary feedback or the prolongation of the
circulating half-life of the ligand.*!

We found that SUA did not have a significant causal effect
on E2, while reverse MR analysis showed that E2 had a
negative causal relationship with SUA levels. At present, the

relationship between SUA and E2 is controversial. Clinical
studies revealed that high E2 levels might be a protective factor
for hyperuricemia, which is consistent with our results.*> E2
could increase the sensitivity to insulin, thereby promoting the
resecretion of uric acid in the renal tubular epithelial, increas-
ing the urinary excretion and lowering the SUA level.*3 How-
ever, some observational studies failed to find a significant
correlation between SUA and E2 levels.** The reason might
be that high SUA feedback regulates hormone secretion in the
hypothalamus, thus reducing the production of testosterone
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and estrogen.®® In a word, we should focus on the decrease
of E2 level in men, which could increase their SUA level,
thereby reducing SHBG and testosterone levels and triggering
ED disease.

We found no significant causal relationship between SUA
and FSH and LH levels, which could assist in testosterone syn-
thesis. Patients with gout had lower levels of FSH and LH.#®
However, FSH is negatively correlated with the SUA level in
male patients with diabetes, while LH is positively correlated
with SUA in female patients who are postmenopausal.** The
controversial results might be due to potential factors associ-
ated with different populations.

In this study, we found that SUA could increase the risk
of ED by UVMR, while the significance disappeared when
conducting MVMR. Interestingly, there exists a controversy
regarding their relationship in observational studies. Salem
et al reported that SUA significantly increased in patients
with ED, as also observed in a meta-analysis.*’>*® However,
hyperuricemia was not considered an independent predictor
of ED in a cross-sectional study.*’ Actually, the conclusions
of observational studies might be biased when not corrected
for essential confounders. A number of potential risk factors
have recently been proposed for ED and could be confounders
for the causal relationship estimate, which should be con-
sidered in future observational studies.>’ In addition, given
the causal effect of SUA on testosterone, we speculated that
there should exist a causal relationship between SUA and
ED. As reported by Onyeji and Clavijo, ED occurred when
testosterone decreased and reached a certain threshold.’”
Therefore, we believed that the relationship between SUA
and ED might be nonlinear; thus, the current MR analysis
did not find the direct causal effect.’! In addition, given
the causal relationship that exists between SUA and sexual
hormones such as testosterone and E2, we speculated that it
was particularly important to pay more attention to SUA and
E2 levels when considering the therapy for men who were
hypogonadal, especially patients with ED.52

Admittedly, there are some limitations of our study. Data
were all from European populations, which somewhat lim-
its the generalization of the findings to other populations.
Moreover, there might be some crossover among samples that
detected SUA, sexual hormone levels, and ED, which might
cause the models to be overfitted and reduce the strength
of causal inference.’3 Nevertheless, the F statistics of SNPs
used for MR analysis were >10; thus, the bias was not very
noticeable.

Conclusions

This study provided genetic evidence for the causal rela-
tionship between SUA and male sexual hormones (SHBG,
testosterone, and E2). Given the causal effect of SUA on the
testosterone level, we must focus on the SUA and E2 levels
in men, especially in patients with hypogonadism and ED.
Moreover, accurate raw data from individuals were needed
for a better understanding of the relationship between SUA
and ED.

Acknowledgments

We thank all genome-wide association study participants and
investigators for make the summary statistics data publicly available.

Author contributions

B.W., H.C., W.-D.E,, and Z.-X.G. conceived and designed the analysis.
H.C.,W.-D.E, J.-L.E,, and C.Z. performed the analysis. H.C. and W.-D.F.
wrote the manuscript. J.-L.F. and B.W. reviewed the manuscript.

Supplementary material

Supplementary material is available at Sexual Medicine online.

Funding

This research was funded by the China Postdoctoral Innovative Talent
Support Program (BX20220047), Young Talent Support Project of
the Beijing Association of Science and Technology (BYESS2022182),
and Young Talent Support Project of Chinese Association of Chinese
Medicine (CACM-2021-QNRC2-B04).

Conflicts of interest

None declared.

Data availability

The data for this study were sourced from publicly available archives
and former investigative studies.

References

1. Najari BB, Kashanian JA. Erectile dysfunction. JAMA.
2016;316(17):1838. https://doi.org/10.1001/jama.2016.12284

2. Irfan M, Hussain NHN, Noor NM, Mohamed M, Sidi H,

Ismail SB. Epidemiology of male sexual dysfunction in Asian

and European regions: a systematic review. Am | Mens Health.

2020;14(4):1557988320937200. https://doi.org/10.1177/155798

8320937200

Chen L, Shi GR, Huang DD, et al. Male sexual dysfunction:

a review of literature on its pathological mechanisms, potential

risk factors, and herbal drug intervention. Biomed Pharmacother.

2019;112:108585. https://doi.org/10.1016/j.biopha.2019.01.046

4. Grasa MDM, Gulfo J, Camps N, et al. Modulation of SHBG
binding to testosterone and estradiol by sex and morbid obesity.
Eur ] Endocrinol.2017;176(4):393-404. https://doi.org/10.1530/E
JE-16-0834

5. Yassin AA, Saad F. Testosterone and erectile dysfunction. | Androl.
2008;29(6):593-604. https://doi.org/10.2164/jandrol.107.004630

6. Zhang XH, Morelli A, Luconi M, et al. Testosterone regulates
PDES expression and in vivo responsiveness to tadalafil in rat
corpus cavernosum. Eur Urol. 2005;47(3):409-416. https://doi.o
rg/10.1016/j.eururo.2004.10.021

7. Karakida S, Ezoe K, Fukuda J, Yabuuchi A, Kobayashi T,
Kato K. Effects of gonadotropin administration on clinical out-
comes in clomiphene citrate-based minimal stimulation cycle IVF.
Reprod Med Biol. 2019;19(2):128-134. https://doi.org/10.1002/
rmb2.12310

8. Dufourny L, Skinner DC. Influence of estradiol on NADPH
diaphorase/neuronal nitric oxide synthase activity and colocal-
ization with progesterone or type II glucocorticoid receptors in
ovine hypothalamus. Biol Reprod. 2002;67(3):829-836. https:/
doi.org/10.1095/biolreprod.102.004648

9. Young J, George JT, Tello JA, et al. Kisspeptin restores pul-
satile LH secretion in patients with neurokinin B signaling defi-
ciencies: physiological, pathophysiological and therapeutic impli-
cations. Neuroendocrinology. 2013;97(2):193-202. https://doi.o
rg/10.1159/000336376

10. Ma G, Li M, Teng W, He Z, Zhai X, Xia Z. Febuxostat
combined with hydration for the prevention of contrast-induced

(O8]


https://academic.oup.com/smoa/article-lookup/doi/10.1093/sexmed/qfae051#supplementary-data
https://doi.org/10.1001/jama.2016.12284
https://doi.org/10.1001/jama.2016.12284
https://doi.org/10.1001/jama.2016.12284
https://doi.org/10.1001/jama.2016.12284
https://doi.org/10.1001/jama.2016.12284
https://doi.org/10.1177/1557988320937200
https://doi.org/10.1016/j.biopha.2019.01.046
https://doi.org/10.1016/j.biopha.2019.01.046
https://doi.org/10.1016/j.biopha.2019.01.046
https://doi.org/10.1016/j.biopha.2019.01.046
https://doi.org/10.1016/j.biopha.2019.01.046
https://doi.org/10.1016/j.biopha.2019.01.046
https://doi.org/10.1530/EJE-16-0834
https://doi.org/10.1530/EJE-16-0834
https://doi.org/10.1530/EJE-16-0834
https://doi.org/10.1530/EJE-16-0834
https://doi.org/10.2164/jandrol.107.004630
https://doi.org/10.2164/jandrol.107.004630
https://doi.org/10.2164/jandrol.107.004630
https://doi.org/10.2164/jandrol.107.004630
https://doi.org/10.2164/jandrol.107.004630
https://doi.org/10.2164/jandrol.107.004630
https://doi.org/10.1016/j.eururo.2004.10.021
https://doi.org/10.1016/j.eururo.2004.10.021
https://doi.org/10.1016/j.eururo.2004.10.021
https://doi.org/10.1016/j.eururo.2004.10.021
https://doi.org/10.1016/j.eururo.2004.10.021
https://doi.org/10.1016/j.eururo.2004.10.021
https://doi.org/10.1002/rmb2.12310
https://doi.org/10.1002/rmb2.12310
https://doi.org/10.1002/rmb2.12310
https://doi.org/10.1002/rmb2.12310
https://doi.org/10.1095/biolreprod.102.004648
https://doi.org/10.1095/biolreprod.102.004648
https://doi.org/10.1095/biolreprod.102.004648
https://doi.org/10.1095/biolreprod.102.004648
https://doi.org/10.1095/biolreprod.102.004648
https://doi.org/10.1095/biolreprod.102.004648
https://doi.org/10.1095/biolreprod.102.004648
https://doi.org/10.1159/000336376
https://doi.org/10.1159/000336376
https://doi.org/10.1159/000336376

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

nephropathy in hyperuricemia patients undergoing percutaneous
coronary intervention: a CONSORT-compliant randomized con-
trolled trial. Medicine (Baltimore). 2022;101(4):e28683. https:/
doi.org/10.1097/MD.0000000000028683

Soori H, Rezapoor P, Najafimehr H, Alirezaei T, Irilouza-
dian R. Comparative analysis of anthropometric indices with
serum uric acid in Iranian healthy population. J Clin Lab Anal.
2022;36(2):€24246. https://doi.org/10.1002/jcla.24246

Fisher WA, Eardley I, McCabe M, Sand M. Erectile dysfunction
(ED) is a shared sexual concern of couples I: couple conceptions
of ED. ] Sex Med.2009;6(10):2746-2760. https://doi.org/10.1111/
j-1743-6109.2009.01457.x

Long H, Jiang J, Xia J, et al. Hyperuricemia is an independent risk
factor for erectile dysfunction. | Sex Med. 2016;13(7):1056-1062.
https://doi.org/10.1016/j.jsxm.2016.04.073

Mukhin IV, Ignatenko GA, Nikolenko VY. Dyshormonal disorders
in gout: experimental and clinical studies. Bull Exp Biol Med.
2002;133(5):491-493. https://doi.org/10.1023/a:1019826107916
Wang Y, Charchar FJ. Establishment of sex difference in cir-
culating uric acid is associated with higher testosterone and
lower sex hormone-binding globulin in adolescent boys. Sci Rep.
2021;11(1):17323. https://doi.org/10.1038/s41598-021-96959-4
Smith GD, Ebrahim S. “Mendelian randomization”: can genetic
epidemiology contribute to understanding environmental determi-
nants of disease? Int | Epidemiol. 2003;32(1):1-22. https://doi.o
rg/10.1093/ije/dyg070

Larsson SC, Butterworth AS, Burgess S. Mendelian randomization
for cardiovascular diseases: principles and applications. Eur Heart
J. 2023;44(47):4913-4924. https://doi.org/10.1093/eurheartj/eha
d736

Emdin CA, Khera AV, Kathiresan S. Mendelian randomiza-
tion. JAMA. 2017;318(19):1925-1926. https://doi.org/10.1001/ja
ma.2017.17219

Ye M, Chen J, Ma ], et al. Causal association of cardiovascu-
lar disease with erectile dysfunction: a two-sample bidirectional
mendelian randomization analysis. Andrology. 2023;11(7):1368-
1376. https://doi.org/10.1111/andr.13421

Skrivankova VW, Richmond RC, Woolf BAR, et al. Strength-
ening the reporting of observational studies in epidemiol-
ogy using mendelian randomization: the STROBE-MR state-
ment. JAMA. 2021;326(16):1614-1621. https://doi.org/10.1001/ja
ma.2021.18236

Leinonen JT, Mars N, Lehtonen LE, et al. Genetic analyses
implicate complex links between adult testosterone levels and
health and disease. Commun Med (Lond). 2023;3(1):4. https:/
doi.org/10.1038/s43856-022-00226-0

Pott J, Bae YJ, Horn K, et al. Genetic association study of eight
steroid hormones and implications for sexual dimorphism of coro-
nary artery disease. | Clin Endocrinol Metab.2019;104(11):5008-
5023. https://doi.org/10.1210/jc.2019-00757

Bovijn J, Jackson L, Censin J, et al. GWAS identifies risk locus
for erectile dysfunction and implicates hypothalamic neurobiology
and diabetes in etiology. Am | Hum Genet. 2019;104(1):157-163.
https://doi.org/10.1016/j.ajhg.2018.11.004

Wootton RE, Lawn RB, Millard LAC, et al. Evaluation of the causal
effects between subjective wellbeing and cardiometabolic health:
mendelian randomisation study. BMJ. 2018;362:k3788. https:/
doi.org/10.1136/bmj.k3788

Ma K, Song P, Liu Z, et al. Genetic evidence suggests that
depression increases the risk of erectile dysfunction: a mendelian
randomization study. Front Genet.2022;13:1026227. https://doi.o
rg/10.3389/fgene.2022.1026227

Pierce BL, Burgess S. Efficient design for mendelian randomiza-
tion studies: subsample and 2-sample instrumental variable esti-
mators. Am | Epidemiol. 2013;178(7):1177-1184. https://doi.o
rg/10.1093/aje/kwt084

Grant A]J, Burgess S. Pleiotropy robust methods for multivari-
able mendelian randomization. Stat Med. 2021;40(26):5813-5830.
https://doi.org/10.1002/sim.9156

28.

29.

30.

31.

32.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Sexual Medicine, 2024, Vol 12, Issue 4

Cao W, Zheng RD, Xu SH, Fan YF, Sun HP, Liu C. Association
between sex hormone and blood uric acid in male patients with
type 2 diabetes. Int | Endocrinol. 2017;2017:4375253-4375258.
https://doi.org/10.1155/2017/4375253

Roy D, Perreault M, Marette A. Insulin stimulation of glu-
cose uptake in skeletal muscles and adipose tissues in vivo is
NO dependent. Am | Phys. 1998;274(4):E692-E699. https://doi.o
1g/10.1152/ajpendo.1998.274.4.E692

Simé R, Saez-Lopez C, Lecube A, Hernandez C, Fort JM,
Selva DM. Adiponectin upregulates SHBG production: molec-
ular mechanisms and potential implications. Endocrinology.
2014;155(8):2820-2830. https://doi.org/10.1210/en.2014-1072
de Oya I, Schoppen S, Lasuncion MA, et al. Sex hormone—
binding globulin levels and metabolic syndrome and its features
in adolescents. Pediatr Diabetes. 2010;11(3):188-194. https://doi.o
rg/10.1111/5.1399-5448.2009.00559.x

Selby C. Sex hormone binding globulin: origin, function and clin-
ical significance. Ann Clin Biochem. 1990;27(6):532-541. https:/
doi.org/10.1177/000456329002700603

. Han Y, Zhang Y, Cao Y, et al. Exploration of the association

between serum uric acid and testosterone in adult males: NHANES
2011-2016. Transl Androl Urol. 2021;10(1):272-282. https://doi.o
rg/10.21037/tau-20-1114

Sharaf El Din UAA, Salem MM, Abdulazim DO. Uric acid in the
pathogenesis of metabolic, renal, and cardiovascular diseases: a
review. | Adv Res. 2017;8(5):537-548. https://doi.org/10.1016/.
jare.2016.11.004

Singh JA. When gout goes to the heart: does gout equal a cardio-
vascular disease risk factor? Ann Rheum Dis. 2015;74(4):631-634.
https://doi.org/10.1136/annrheumdis-2014-206432

Li C, Hsieh MC, Chang S]. Metabolic syndrome, diabetes,
and hyperuricemia. Curr Opin Rheumatol. 2013;25(2):210-216.
https://doi.org/10.1097/BOR.0b013e32835d951e

Corona G, Monami M, Rastrelli G, et al. Testosterone and

metabolic syndrome: a meta-analysis study. | Sex Med.
2011;8(1):272-283.  https://doi.org/10.1111/j.1743-6109.2010.
01991.x

Simons PIHG, Valkenburg O, Stehouwer CDA, Brouwers MCG].
Sex hormone-binding globulin: biomarker and hepatokine?
Trends Endocrinol Metab. 2021;32(8):544-553. https://doi.o
rg/10.1016/j.tem.2021.05.002

Zhu C, Zhang Y, Zhang L, et al. Changes in sex hormones
after laparoscopic sleeve gastrectomy in Chinese obese men: a 12-
month follow-up. Obes Surg. 2019;29(3):869-877. https://doi.o
rg/10.1007/s11695-018-3611-3

Bourebaba N, Ngo T, Smieszek A, Bourebaba L, Marycz K.
Sex hormone binding globulin as a potential drug candidate
for liver-related metabolic disorders treatment. Biomed Pharma-
cother. 2022;153:113261. https://doi.org/10.1016/j.biopha.2022.
113261

Winters SJ. SHBG and total testosterone levels in men with
adult onset hypogonadism: what are we overlooking? Clin
Diabetes Endocrinol. 2020;6(1):17. https://doi.org/10.1186/
s40842-020-00106-3

Ichikawa A, Sumino H, Ogawa T, Ichikawa S, Nitta K. Effects
of long-term transdermal hormone replacement therapy on the
renin-angiotensin-aldosterone system, plasma bradykinin levels
and blood pressure in normotensive postmenopausal women.
Geriatr Gerontol Int. 2008;8(4):259-264. https://doi.org/10.1111/
j.1447-0594.2008.00474.x

Dubchak N, Falasca GF. New and improved strategies for the
treatment of gout. Int | Nephrol Renovasc Dis. 2010;3:145-166.
https://doi.org/10.2147/IJNRD.S6048

Wan H, Zhang K, Wang Y, et al. The associations between gonadal
hormones and serum uric acid levels in men and postmenopausal
women with diabetes. Front Endocrinol (Lausanne). 2020;11:55.
https://doi.org/10.3389/fendo.2020.00055

Pui K, Waddell C, Dalbeth N. Early onset of hyperuricaemia
and gout following treatment for female to male gender


https://doi.org/10.1097/MD.0000000000028683
https://doi.org/10.1097/MD.0000000000028683
https://doi.org/10.1097/MD.0000000000028683
https://doi.org/10.1097/MD.0000000000028683
https://doi.org/10.1002/jcla.24246
https://doi.org/10.1002/jcla.24246
https://doi.org/10.1002/jcla.24246
https://doi.org/10.1002/jcla.24246
https://doi.org/10.1111/j.1743-6109.2009.01457.x
https://doi.org/10.1111/j.1743-6109.2009.01457.x
https://doi.org/10.1111/j.1743-6109.2009.01457.x
https://doi.org/10.1111/j.1743-6109.2009.01457.x
https://doi.org/10.1111/j.1743-6109.2009.01457.x
https://doi.org/10.1016/j.jsxm.2016.04.073
https://doi.org/10.1016/j.jsxm.2016.04.073
https://doi.org/10.1016/j.jsxm.2016.04.073
https://doi.org/10.1016/j.jsxm.2016.04.073
https://doi.org/10.1016/j.jsxm.2016.04.073
https://doi.org/10.1023/a:1019826107916
https://doi.org/10.1023/a:1019826107916
https://doi.org/10.1023/a:1019826107916
https://doi.org/10.1038/s41598-021-96959-4
https://doi.org/10.1038/s41598-021-96959-4
https://doi.org/10.1038/s41598-021-96959-4
https://doi.org/10.1038/s41598-021-96959-4
https://doi.org/10.1093/ije/dyg070
https://doi.org/10.1093/ije/dyg070
https://doi.org/10.1093/ije/dyg070
https://doi.org/10.1093/ije/dyg070
https://doi.org/10.1093/ije/dyg070
https://doi.org/10.1093/eurheartj/ehad736
https://doi.org/10.1093/eurheartj/ehad736
https://doi.org/10.1093/eurheartj/ehad736
https://doi.org/10.1093/eurheartj/ehad736
https://doi.org/10.1093/eurheartj/ehad736
https://doi.org/10.1093/eurheartj/ehad736
https://doi.org/10.1093/eurheartj/ehad736
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.1111/andr.13421
https://doi.org/10.1111/andr.13421
https://doi.org/10.1111/andr.13421
https://doi.org/10.1111/andr.13421
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1038/s43856-022-00226-0
https://doi.org/10.1038/s43856-022-00226-0
https://doi.org/10.1038/s43856-022-00226-0
https://doi.org/10.1038/s43856-022-00226-0
https://doi.org/10.1210/jc.2019-00757
https://doi.org/10.1210/jc.2019-00757
https://doi.org/10.1210/jc.2019-00757
https://doi.org/10.1210/jc.2019-00757
https://doi.org/10.1016/j.ajhg.2018.11.004
https://doi.org/10.1016/j.ajhg.2018.11.004
https://doi.org/10.1016/j.ajhg.2018.11.004
https://doi.org/10.1016/j.ajhg.2018.11.004
https://doi.org/10.1016/j.ajhg.2018.11.004
https://doi.org/10.1136/bmj.k3788
https://doi.org/10.1136/bmj.k3788
https://doi.org/10.1136/bmj.k3788
https://doi.org/10.1136/bmj.k3788
https://doi.org/10.1136/bmj.k3788
https://doi.org/10.3389/fgene.2022.1026227
https://doi.org/10.3389/fgene.2022.1026227
https://doi.org/10.3389/fgene.2022.1026227
https://doi.org/10.3389/fgene.2022.1026227
https://doi.org/10.3389/fgene.2022.1026227
https://doi.org/10.1093/aje/kwt084
https://doi.org/10.1093/aje/kwt084
https://doi.org/10.1093/aje/kwt084
https://doi.org/10.1093/aje/kwt084
https://doi.org/10.1093/aje/kwt084
https://doi.org/10.1002/sim.9156
https://doi.org/10.1002/sim.9156
https://doi.org/10.1002/sim.9156
https://doi.org/10.1002/sim.9156
https://doi.org/10.1002/sim.9156
https://doi.org/10.1155/2017/4375253
https://doi.org/10.1155/2017/4375253
https://doi.org/10.1155/2017/4375253
https://doi.org/10.1152/ajpendo.1998.274.4.E692
https://doi.org/10.1152/ajpendo.1998.274.4.E692
https://doi.org/10.1152/ajpendo.1998.274.4.E692
https://doi.org/10.1152/ajpendo.1998.274.4.E692
https://doi.org/10.1152/ajpendo.1998.274.4.E692
https://doi.org/10.1210/en.2014-1072
https://doi.org/10.1210/en.2014-1072
https://doi.org/10.1210/en.2014-1072
https://doi.org/10.1210/en.2014-1072
https://doi.org/10.1111/j.1399-5448.2009.00559.x
https://doi.org/10.1111/j.1399-5448.2009.00559.x
https://doi.org/10.1111/j.1399-5448.2009.00559.x
https://doi.org/10.1111/j.1399-5448.2009.00559.x
https://doi.org/10.1111/j.1399-5448.2009.00559.x
https://doi.org/10.1177/000456329002700603
https://doi.org/10.1177/000456329002700603
https://doi.org/10.1177/000456329002700603
https://doi.org/10.21037/tau-20-1114
https://doi.org/10.21037/tau-20-1114
https://doi.org/10.21037/tau-20-1114
https://doi.org/10.21037/tau-20-1114
https://doi.org/10.1016/j.jare.2016.11.004
https://doi.org/10.1016/j.jare.2016.11.004
https://doi.org/10.1016/j.jare.2016.11.004
https://doi.org/10.1016/j.jare.2016.11.004
https://doi.org/10.1016/j.jare.2016.11.004
https://doi.org/10.1016/j.jare.2016.11.004
https://doi.org/10.1136/annrheumdis-2014-206432
https://doi.org/10.1136/annrheumdis-2014-206432
https://doi.org/10.1136/annrheumdis-2014-206432
https://doi.org/10.1136/annrheumdis-2014-206432
https://doi.org/10.1136/annrheumdis-2014-206432
https://doi.org/10.1136/annrheumdis-2014-206432
https://doi.org/10.1097/BOR.0b013e32835d951e
https://doi.org/10.1097/BOR.0b013e32835d951e
https://doi.org/10.1097/BOR.0b013e32835d951e
https://doi.org/10.1097/BOR.0b013e32835d951e
https://doi.org/10.1097/BOR.0b013e32835d951e
https://doi.org/10.1097/BOR.0b013e32835d951e
https://doi.org/10.1097/BOR.0b013e32835d951e
https://doi.org/10.1111/j.1743-6109.2010.01991.x
https://doi.org/10.1016/j.tem.2021.05.002
https://doi.org/10.1016/j.tem.2021.05.002
https://doi.org/10.1016/j.tem.2021.05.002
https://doi.org/10.1016/j.tem.2021.05.002
https://doi.org/10.1016/j.tem.2021.05.002
https://doi.org/10.1016/j.tem.2021.05.002
https://doi.org/10.1007/s11695-018-3611-3
https://doi.org/10.1007/s11695-018-3611-3
https://doi.org/10.1007/s11695-018-3611-3
https://doi.org/10.1007/s11695-018-3611-3
https://doi.org/10.1016/j.biopha.2022.113261
https://doi.org/10.1186/s40842-020-00106-3
https://doi.org/10.1186/s40842-020-00106-3
https://doi.org/10.1186/s40842-020-00106-3
https://doi.org/10.1186/s40842-020-00106-3
https://doi.org/10.1111/j.1447-0594.2008.00474.x
https://doi.org/10.1111/j.1447-0594.2008.00474.x
https://doi.org/10.1111/j.1447-0594.2008.00474.x
https://doi.org/10.1111/j.1447-0594.2008.00474.x
https://doi.org/10.1111/j.1447-0594.2008.00474.x
https://doi.org/10.2147/IJNRD.S6048
https://doi.org/10.2147/IJNRD.S6048
https://doi.org/10.2147/IJNRD.S6048
https://doi.org/10.2147/IJNRD.S6048
https://doi.org/10.2147/IJNRD.S6048
https://doi.org/10.3389/fendo.2020.00055
https://doi.org/10.3389/fendo.2020.00055
https://doi.org/10.3389/fendo.2020.00055
https://doi.org/10.3389/fendo.2020.00055
https://doi.org/10.3389/fendo.2020.00055

Sexual Medicine, 2024, Vol 12, Issue 4

46.

47.

48.

49.

reassignment. Rheumatology (Oxford). 2008;47(12):1840-1841.
https://doi.org/10.1093/rheumatology/ken391

Gao F, Jiang B, Cang Z, et al. Serum uric acid is associated with
erectile dysfunction: a population-based cross-sectional study in
Chinese men. Sci Rep. 2017;7(1):2087. https://doi.org/10.1038/
$41598-017-02392-x

Salem S, Mehrsai A, Heydari R, Pourmand G. Serum uric
acid as a risk predictor for erectile dysfunction. | Sex Med.
2014;11(5):1118-1124. hetps:/doi.org/10.1111/jsm.12495

Wang W, Jing Z, Liu W, Zhu L, Ren H, Hou X. Hyperuricaemia
is an important risk factor of the erectile dysfunction: a systematic
review and meta-analysis. Andrologia. 2022;54(5):e14384. https:/
doi.org/10.1111/and. 14384

Tuokko AT, Murtola T, Korhonen P, Kaipia A. Hyperuricemia
is not an independent predictor of erectile dysfunction. Sex Med.
2021;9(2):100319. https://doi.org/10.1016/j.esxm.2020.100319

50.

S1.

52.

Onyeji IC, Clavijo RI. Testosterone replacement therapy and erec-
tile dysfunction. Int | Impot Res.2022;34(7):698-703. https://doi.o
rg/10.1038/s41443-021-00512-w

Xia D, Wang J, Zhao X, Shen T, Ling L, Liang Y. Associ-
ation between gut microbiota and benign prostatic hyperpla-
sia: a two-sample mendelian randomization study. Fromt Cell
Infect Microbiol. 2023;13:1248381. https://doi.org/10.3389/fci
mb.2023.1248381

Pencina KM, Travison TG, Cunningham GR, et al. Effect of
testosterone replacement therapy on sexual function and hypog-
onadal symptoms in men with hypogonadism. | Clin Endocrinol
Metab. 2024;109(2):569-580. https://doi.org/10.1210/clinem/
dgad484

. Burgess S, Davies NM, Thompson SG. Bias due to participant over-

lap in two-sample mendelian randomization. Genet Epidemiol.
2016;40(7):597-608. https://doi.org/10.1002/gepi.21998


https://doi.org/10.1093/rheumatology/ken391
https://doi.org/10.1093/rheumatology/ken391
https://doi.org/10.1093/rheumatology/ken391
https://doi.org/10.1093/rheumatology/ken391
https://doi.org/10.1093/rheumatology/ken391
https://doi.org/10.1093/rheumatology/ken391
https://doi.org/10.1093/rheumatology/ken391
https://doi.org/10.1093/rheumatology/ken391
https://doi.org/10.1093/rheumatology/ken391
https://doi.org/10.1093/rheumatology/ken391
https://doi.org/10.1038/s41598-017-02392-x
https://doi.org/10.1038/s41598-017-02392-x
https://doi.org/10.1038/s41598-017-02392-x
https://doi.org/10.1038/s41598-017-02392-x
https://doi.org/10.1038/s41598-017-02392-x
https://doi.org/10.1111/jsm.12495
https://doi.org/10.1111/jsm.12495
https://doi.org/10.1111/jsm.12495
https://doi.org/10.1111/jsm.12495
https://doi.org/10.1111/and.14384
https://doi.org/10.1111/and.14384
https://doi.org/10.1111/and.14384
https://doi.org/10.1111/and.14384
https://doi.org/10.1016/j.esxm.2020.100319
https://doi.org/10.1016/j.esxm.2020.100319
https://doi.org/10.1016/j.esxm.2020.100319
https://doi.org/10.1016/j.esxm.2020.100319
https://doi.org/10.1016/j.esxm.2020.100319
https://doi.org/10.1038/s41443-021-00512-w
https://doi.org/10.1038/s41443-021-00512-w
https://doi.org/10.1038/s41443-021-00512-w
https://doi.org/10.1038/s41443-021-00512-w
https://doi.org/10.1038/s41443-021-00512-w
https://doi.org/10.3389/fcimb.2023.1248381
https://doi.org/10.3389/fcimb.2023.1248381
https://doi.org/10.3389/fcimb.2023.1248381
https://doi.org/10.3389/fcimb.2023.1248381
https://doi.org/10.3389/fcimb.2023.1248381
https://doi.org/10.1210/clinem/dgad484
https://doi.org/10.1002/gepi.21998
https://doi.org/10.1002/gepi.21998
https://doi.org/10.1002/gepi.21998
https://doi.org/10.1002/gepi.21998
https://doi.org/10.1002/gepi.21998

	 Association of serum uric acid with male sexual hormones and erectile dysfunction: a bidirectional 2-sample Mendelian randomization analysis
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	 Acknowledgments 
	Author contributions
	Supplementary material
	Funding
	Conflicts of interest
	Data availability


