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Abstract
Previous studies investigating the risk of erectile dysfunction (ED) among patients with gout have produced inconsistent 
evidence. Therefore, the aim of this meta-analysis was to investigate the relationship between gout and the risk of ED. The 
Embase, Medline, Scopus, Web of Science and Cochrane Library databases were searched for all studies assessing the risk 
of ED in patients with gout. Relative risks (RR) and corresponding 95% confidence intervals (CI) were adopted to estimate 
the association between gout and the risk of ED. Sensitivity analyses were applied to evaluate the robustness of results. 
Overall, 355,761 participants were included from 8 studies (3 cross-sectional and 5 cohort studies). Of these, 85,067 were 
patients with gout. Synthesis results showed patients with gout had a 1.2-fold higher risk of ED than individual without gout 
(RR 1.20, 95% CI 1.10–1.31, P < 0.001). The results of sensitivity analysis are consistent with the trend of synthesis results. 
The present meta-analysis revealed that the risk of ED in patients with gout was dramatically increased when compared 
with the general population, which suggests that clinicians should assess erectile function when treating an individual who 
suffers from gout.
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Introduction

Gout has been known as one of the most relapsing inflam-
matory arthritis, which is typically characterized by the 
deposition of monosodium urate crystals involving joints 

and adjacent tissues [1, 2]. It was reported that the global 
incidence of gout was 0.08% [3]. It was widely accepted 
that gout is a kind of peripheral arthritis disease which may 
affect patients far beyond the joint. Higher risk of devel-
oping comorbidities, such as cardiovascular disease [4], 
hyperlipidemia [5], obesity [6], chronic kidney disease [7], 
as well as diabetes mellitus [8] was found in patients with 
gout than general population. All these co-morbidities may 
influence the sexual function of patients with gout. In addi-
tion, patients with gout compared with the general popula-
tion experienced a significantly higher risk for developing 
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psychiatric comorbidities, such as depression, which could 
affect sexual health of subjects with gout [9]. Thus, a close 
link between gout and sexual dysfunction may exist.

The most common sexual problems among men are erec-
tile dysfunction (ED). It was reported that the prevalence of 
ED ranged from 1 to 10% among men younger than 40 years, 
and 50% among 40- to 70-year-old men [10]. ED is a mul-
tifactorial condition. Several factors, such as biological and 
psychological, have been reported to be associated with 
ED [11]. Over the past several years, several studies have 
described the relationship between gout and ED, which have 
reported that the proportion of ED was found to be signifi-
cantly higher in patients with gout compared with patients 
without gout [12, 13].

Although a high risk of ED in patients with gout has 
been detected, however, controversial results still persisted. 
Hence, the link between gout and ED warrants further 
exploration. We drew this meta-analysis to comprehensively 
evaluate the connection between gout and ED and provide a 
more reliable evidence.

Methods

This meta-analysis was conducted base on the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [14]. The PRISMA checklist was pre-
sented in Supplementary Table 1.

Literature search

Literature was searched from the Embase, Medline, Sco-
pus, Web of Science and Cochrane Library databases. The 
time frame spanned from the inception of these databases to 
April 2019. The search was focused on English language and 
human participants. The following keywords were applied 
in searching: (gout) AND (((erectile dysfunction) OR impo-
tence) OR sexual dysfunction). In addition, the reference 
lists of retrieved articles were reviewed to identify other 
pertinent studies.

Inclusion criteria

The inclusion criteria were as follows: (1) original observa-
tional studies (cohort, case–control, or cross-sectional) that 
assessed the association between gout and risk of ED among 
male humans; (2) the included studies should have provided 
relative risk (RR) estimates or odds ratios (ORs) with 95% 
confidence intervals (CIs) or primary data to calculate them. 
The exclusion criteria were: (1) the control data were not 
provided; (2) studies were review or meta-analysis; (3) meet-
ing abstracts, comments, editorials, letters, case reports, or 
congress reports; (4) animal experiments.

Data extraction and quality assessment

The following information was extracted from all eligi-
ble publications by two authors independently: the first 
author’s last name, year of publication, country of study, 
study design, case and control sample sizes, mean age of 
participants, diagnosis criteria for ED, statistical adjustments 
for confounding factors, and effect measures (RR or OR) 
with 95% CI.

The Newcastle–Ottawa Scale was applied to examine 
the quality of the cohort studies [15]. The cross-sectional 
study quality methodology checklist was used for the cross-
sectional study [16]. Studies with seven to nine points were 
arbitrarily considered high quality.

Statistical analyses

The degree of agreement between the two authors was meas-
ured using the Kappa statistic. The adjusted pooled RRs and 
95% CIs were applied to evaluate the association between 
gout and the risk of ED. It was considered statistically sig-
nificant when P values less than 0.05. The I2 statistic and 
the Cochrane Q statistic were calculated to assess the het-
erogeneity of included studies (I2 > 50% was considered of 
substantial heterogeneity; a P value of Q test < 0.10 was 
considered statistically significant). The random-effects 
model was accepted when there was significant statistical 
heterogeneity (I2 > 50%, P < 0.10). Otherwise, a fixed-effects 
model was adopted [17]. Sensitivity analysis and subgroup 
analyses were applied to explore the origin of heterogene-
ity. The Begg and Egger tests were performed to examine 
publication bias [18, 19]. The present statistical analysis was 
performed using STATA 13.0 (Stata Corp LP, College Sta-
tion, TX, USA).

Results

Literature search

The study selection process was presented in Fig. 1. At the 
end, eight articles were included in this meta-analysis [12, 
13, 20–25]. The two authors had a high degree of agreement 
(Kappa statistic = 0.70).

Study characteristics

The descriptive data of the included studies were sum-
marized in Table 1. All eligible studies were published 
between 2010 and 2019. Of the included studies, three were 
cross-sectional studies [13, 21, 22] and five were cohort 
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studies [12, 20, 23–25]. A total of 355,761 participants were 
included. The sample size in the studies ranged from 70 to 
154,332 adults. These studies were carried out in the Tai-
wan (n = 2) [12, 20], United States (n = 2) [13, 25], England 
(n = 3) [22–24], and Korea (n = 1) [21].

Study quality

The outcome of the quality assessment for the five cohort 
studies was presented in Supplementary Table 2, of which 
two studies [12, 23] were judged as moderate quality and the 
remaining three study [20, 24, 25] was judged as high qual-
ity. The outcome of the methodologic quality assessment of 
the cross-sectional studies was presented in Supplementary 
Table 3, one study [22] was moderate quality and two studies 
were high quality [13, 21].

Synthesis of results

As shown in Fig. 2, individuals with gout compared with 
the individuals without gout experienced a significantly 
high risk of ED (RR 1.20, 95% CI 1.10–1.31, P = 0.000; 
heterogeneity: I2 = 75.8%, P = 0.000) using a random-effects 
model, which indicated that gout is strongly associated with 
an increased risk of ED.

Sensitivity analysis

Sensitivity analyses were applied to evaluate the reliabil-
ity of our analysis. Each study was eliminated in turn to 

recalculate the pooled RR. The results presented the similar 
trend. The RRs ranged from 1.16 (95% CI 1.11–1.21) to 
1.23 (95% CI 1.13–1.34) after excluding any study (Table 2; 
Supplementary Figure 1).

Subgroup analyses

To further evaluate the association between gout and 
risk of ED, subgroup analyses were performed based on 
age, publication year, study design, geographic region, 
method of assessment for ED (Table 3). Stratified analy-
sis by age shown that a similar association was detected in 
men younger than 50 years (RR 1.21, 95% CI 1.10–1.34, 
P < 0.001) and those older than 50 years (RR 1.20, 95% CI 
1.06–1.35, P < 0.001). In the subgroup analysis based on 
publication year, the RRs were 1.19 (95% CI 1.02–1.38, 
P = 0.029) and 1.23 (95% CI 1.08–1.39, P = 0.002) for 
studies published before 2015 and after 2015, respectively. 
Moreover, subgroup analysis by study design shown a 
statistically significant correlation between gout and risk 
of ED in the cohort studies (RR 1.22, 95% CI 1.12–1.32, 
P = 0.000); however, no association between gout and risk 
of ED was observed in the cross-sectional (RR 1.34, 95% CI 
0.56–3.22, P = 0.51). When further stratified by geographic 
region, a statistically significant association between gout 
and risk of ED was observed for Taiwan (RR 1.21, 95% CI 
1.10–1.34, P = 0.000), England (RR 1.18, 95% CI 1.04–1.34, 
P = 0.01); however, a similar association was not found in 
United States (RR 1.72, 95% CI 0.70–4.26, P = 0.24) and 
Korea (RR 0.62, 95% CI 0.11–3.53, P > 0.05). In the sub-
group analysis based on methods of assessment for ED, the 
RRs were 1.26 (95% CI 1.07–1.48, P = 0.006) and 1.19 (95% 
CI 1.07–1.32, P = 0.001) for studies used IIEF-5 assessment 
for ED and used ICD codes assessment for ED, respectively.

Publication bias

Publication bias was absent based on Begg and Egger test 
(Begg test, P > |z| = 0.902; Egger test, P > |t| = 0.521; Fig. 3).

Discussion

Over the past few decades, the role of gout in the develop-
ment of ED have drawn researchers’ attention, but incon-
sistent results were found. A cohort study by Sultan et al. in 
England, who recruited 9653 patients with gout and 38,218 
general population, they reported that patients with gout had 
a 1.31-fold higher odds in ED subjects than the general pop-
ulation [24]. However, Maynard et al. found that gout was 
not significantly associated with the risk of ED (RR 1.15, 
95% CI 0.85–1.53, P > 0.05) [25]. The present meta-analysis 
sum up all the observational studies on the effect of gout on 

Fig. 1  Flow chart of study selection
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the risk of ED. The current meta-analysis indicated a 20% 
increase in the risk of ED among subjects with gout com-
pared with those without gout. When the sensitivity analy-
ses were conducted, the quantification of the risk for ED 
remained same trend as before. This finding was consistent 
with recent clinical trials [12, 13, 24], which revealed that 
the risk of ED was found to be obviously higher in patients 
with gout compared with the general population. In addition, 
our results were consistent with previous studies that ana-
lyzed the association between other arthritis and risk of ED 
(e.g., ankylosing spondylitis [26], rheumatoid arthritis [27]).

Different comorbidities can affect the risk of ED. In 
the present meta-analysis, eight articles provided the RR 
of multivariable adjustment for confounding factors, such 
as age, smoking, coronary artery disease, peripheral arte-
rial disease, chronic kidney disease, hypertension, diabetes, 
hyperlipidemia, depression and anxiety. Thus, we had good 

reasons to believe that the results in the current meta-analy-
sis seemed reliable and robust.

Although many evidences have shown that gout might 
be linked with ED, no clear-cut etiology has been identi-
fied to interpret this close connection. Several factors may 
contribute to the development of ED in gout. The close 
link between gout and hyperuricemia may be a possible 

Fig. 2  Forest plots of meta-
analysis of the included studies 
on the association between ED 
and gout

Table 2  Sensitivity analysis after each study was excluded by turns

RR relative risk, CI confidence interval

Study omitted RR (95% CI) for remainders Heterogeneity

I2 (%) P

Chen et al. 2015 1.20 (1.09, 1.33) 79.1 0.000
Hsu et al. 2015 1.20 (1.08, 1.33) 79.0 0.000
Maynard et al. 2010 1.20 (1.10, 1.32) 79.0 0.000
Roddy et al. 2012 1.23 (1.13, 1.34) 74.8 0.001
Schlesinger et al. 2015 1.20 (1.10, 1.30) 74.7 0.001
Sultan et al. 2017 1.16 (1.11, 1.21) 39.5 0.129
Schlesinger et al. 2017 1.22 (1.10, 1.36) 59.3 0.022
Kim et al. 2017 1.20 (1.10, 1.32) 78.8 0.000

Table 3  Subgroup analysis of the association gout and risk of ED

ED erectile dysfunction, RR relative risk, CI confidence interval

Study or subgroup No. of 
studies

Heterogene-
ity

RR (95% CI) P

I2 (%) P

Age (years)
 ≤ 50 2 0 1 1.21 (1.10, 1.34) 0.000
 > 50 5 82.4 0.000 1.20 (1.06, 1.35) 0.004

Publication year
 Year ≤ 2015 5 56.3 0.057 1.19 (1.02, 1.38) 0.029
 Year > 2015 3 88.7 0.000 1.23 (1.08, 1.39) 0.002

Study design
 Cohort study 5 77.8 0.001 1.22 (1.12, 1.32) 0.000
 Cross-sectional 3 76.2 0.015 1.34 (0.56, 3.22) 0.51

Country
 Taiwan 2 0 1 1.21 (1.10, 1.34) 0.000
 United States 2 81.5 0.020 1.72 (0.70, 4.26) 0.24
 England 3 91 0.000 1.18 (1.04, 1.34) 0.01
 Korea 1 – – 0.62 (0.11, 3.53) –

Definition of ED
 IIEF 3 66.5 0.051 1.26 (1.07, 1.48) 0.006
 ICD codes 4 86.7 0.000 1.19 (1.07, 1.32) 0.001
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contributor [28]. Gout is a chronic inflammatory arthritis 
characterized by urate crystal deposition. Hyperuricaemia 
is a prerequisite [29]. Mounting evidence has emerged indi-
cating that hyperuricaemia could increase the risk of ED. 
Base on a case–control study by Salem et al., who recruited 
251 patients with ED and 252 age-matched subjects without 
ED. They found that the level of serum uric acid was found 
to be distinctly higher in patients with ED (6.12 ± 1.55 mg/
dl) compared with subjects without ED (4.97 ± 1.09 mg/dl) 
(P < 0.001). For each 1 mg/dl increase in serum uric acid 
level, the risk of ED increase twofold [30]. Long et al. found 
that the ratio of  ICPmax (maximum intracavernosal pressure)/
MAP (mean arterial pressure) was found to be distinctly 
decreased in hyperuricemic rats compared with controls 
[31]. The hazardous effect of hyperuricemia on the erec-
tile function may be primarily mediated by endothelial dys-
function. In penile tissues, nerve and endothelium-derived 
nitric oxide (NO) is the strongest factors for penile smooth 
muscle relaxation and erection [32]. It has been reported that 
the rat with hyperuricemic compared with the control group 
experienced a markedly decreased expression of neuronal 
nitric oxide synthase (nNOS), endothelial nitric oxide syn-
thase (eNOS) as well as nitric oxide (NO) [33]. An explana-
tion for this link was that patients with gout had increased 
risk of cardiovascular morbidity [34–36]. It is well-known 
that endothelial dysfunction was the common pathogenesis 
of ED and cardiovascular disease [37]. Cardiovascular dis-
ease was recognized as the risk factors for the development 
of ED [38].

In addition, inflammation may play an important role 
for the development of ED in patients with gout. Gout is 
an inflammatory arthritis [1]. It was reported that patients 
with ED compared with subjects without ED had signifi-
cantly higher plasma levels of inflammatory factors, such 
as hsCRP, IL-6, IL-1β, these factors negative related with 
sexual health [39–41].

Another underlying mechanism for gout and the risk of 
ED may be vitamin D deficiency. Vanholder et al. reported 
that the synthesis of 1,25(OH)2D3 could be inhibited by uric 
acid among patients with renal failure and hyperuricemia 
[42]. Serum 1,25(OH)2D3 level was lower in individuals 
with gout when compared with general population [43]. 
Barassi et al. reported that vitamin D was inadequate in a 
large proportion of patients with ED. Individual who had a 
vitamin D deficiency may experience an increased risk of 
ED due to the endothelial dysfunction [44].

On the other hand, previous studies shown that the preva-
lence of metabolic syndrome was high in patients with gout, 
ranging from 30.1 to 82.0% [45]. Choi et al. reported that the 
prevalence of metabolic syndrome was 62.8% (51.9–73.6) 
among individuals with gout and 25.4% (23.5–27.3) among 
individuals without gout [46]. Intriguingly, metabolic syn-
drome was recognized as the hazardous factors for the 
development of ED [47, 48]. In addition, psychiatric such as 
depression also potentially involved the development of ED 
in gout. Base on a meta-analysis, it was reported that patients 
with gout had a distinctly increased risk of depression [9]. 
It was known that patients with depression had an increased 
risk of developing ED [49]. Since the pathogenesis of ED in 
patients with gout attributed to multi-factors, the treatment 
for those patients should be based on their chief complaint 
and specific symptoms.

Despite the advantages of this study, however, it was 
not without limitations. First, all included studies were 
observational studies, which can introduce selection bias 
or recall bias. Second, we did not perform the subgroup 
analysis based on the duration of gout and treatment for 
gout, because there was an absence of this information in 
most included studies. Third, although publication bias was 
absent, but bias might exist for the published data due to 
only English publications were searched. Fourth, the differ-
ence of risk of ED between acute and chronic gout was not 

Fig. 3  Begg’s test and Egger’s test to detect publication bias
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performed due to the including studies did not provide the 
relative data. Therefore, further well-designed studies are 
needed to confirm the relationship of gout predisposing to 
the development of ED.

Conclusions

In summary, our results demonstrated that patients with gout 
have a significantly elevated risk of ED, which suggests that 
the erectile function should be assessed when clinicians 
manage patients with gout and provide corresponding spe-
cific therapies for patients with gout when necessary.
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