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Abstract

Background: Whether and to what extent an association exists between hyper-

uricemia and erectile dysfunction (ED) has not yet been fully determined.

Objective: To define pooled prevalence estimates and correlates of erectile dysfunc-

tion inmenwith hyperuricemic disorders.

Materials and methods: A thorough search of Medline, Scopus, and Cochrane Library

databases was performed. Data were combined using random-effects models and the

between-study heterogeneity was assessed by Cochrane’s Q and I2 tests. A funnel plot

was used to assess publication bias.

Results:Overall, 8 studies includedgave informationabout85,406hyperuricemicmen,

of whom 5023 complained of erectile dysfunction, resulting in a pooled erectile dys-

function prevalence estimate of 33% (95% Confidence Interval: 13–52%; Iš = 99.9%).

The funnel plot suggested the presence of a publication bias. At the meta-regression

analyses, among the available covariates that could affect estimates, only type 2 dia-

betes mellitus was significantly associated with a higher prevalence of erectile dys-

function (β = 0.08; 95% Confidence Interval: 0.01, 0.15, p = 0.025). At the sub-group

analysis, the pooled erectile dysfunction prevalence decreased to 4% (95%Confidence

Interval: 0%–8%) when only the largest studies with the lowest prevalence of type 2

diabetes mellitus were included and increased up to 50% (95% Confidence Interval:

17%–84%) when the analysis was restricted to studies enrolling smaller series with

higher prevalence of type 2 diabetes mellitus.

Conclusions: A not negligible proportion of men with hyperuricemia can complain

of erectile dysfunction. While a pathogenetic contribution of circulating uric acid in

endothelial dysfunction cannot be ruled out, the evidence of a stronger association

between hyperuricemia and erectile dysfunction in type 2 diabetes mellitus points

to hyperuricemia as a marker of systemic dysmetabolic disorders adversely affecting

erectile function.

KEYWORDS

diabetes, gout, impotence, metabolic syndrome, sexual function, uric acid

© 2021 American Society of Andrology and European Academy of Andrology

72 wileyonlinelibrary.com/journal/andr Andrology. 2022;10:72–81.

https://orcid.org/0000-0002-5031-031X
https://orcid.org/0000-0002-6888-9585
mailto:arcangelo.barbonetti@univaq.it
https://wileyonlinelibrary.com/journal/andr


TOTARO ET AL. 73

1 INTRODUCTION

Erectile dysfunction (ED) is defined as the persistent inability to

achieve and/or maintain a penile erection sufficient for satisfactory

sexual performance.1 Among the organic etiologies of ED, the vascu-

lar causes remain the most frequent.2,3 Besides sharing common risk

factors with cardiovascular disease (CVD), ED is also regarded as an

independent risk predictor for CVD.4 The exposure to conventional

risk factors for CVD, such as smoking, obesity, diabetes, hypercholes-

terolemia, and hypertension, promotes endothelial dysfunction with

decreased nitric oxide (NO) bioavailability, ultimately resulting in a sys-

temic disease of all vascular beds.3–7 All these features, as awhole, take

the form of metabolic syndrome (MetS), a high CVD-risk dysmetabolic

profile also including an increase in circulating levels of uric acid (UA) in

many cases.8–11

High levels ofUA, the endproduct of dietary and endogenous purine

metabolism, have been associated with endothelial dysfunction,12–16

microvascular diseases,17 and hypertension.18,19 Moreover, pilot clin-

ical studies suggest that lowering circulating UA could improve

endothelial function while decreasing blood pressure values in hyper-

tensive patients.20–22 Indeed, in experimental studies, UA decreased

endothelial NO bioavailability via different pathways, including direct

scavenging, scavenging by UA-induced oxidative stress, and arginase

stimulation.23–26 Interestingly, a stimulating effect of UA on vascu-

lar smooth muscle cell proliferation has been also demonstrated in

vitro.27–29 In this light, hyperuricemia has begun to be considered a

possible independent risk factor for both CVD and vasculogenic ED.

Intriguingly, an experimental model of hyperuricemic rats exhibited ED

resulting fromadecrease in theexpressionofNOsynthase (NOS) along

with an increase in reactive oxygen species in cavernous tissue.30 Nev-

ertheless, the actual existence and extent of an association between

hyperuricemia and ED remain controversial in clinical studies. An inde-

pendent positive association of UA with ED was found in a Turkish

study on 200 hypertensive men,31 in a case-control study by Salem

et al.32 recruiting 251 patients with newly diagnosed ED, and in a large

population study on 1365 Chinese men.33 On the contrary, in a study

by Solak et al., enrolling 312 men with suspected coronary artery dis-

ease, although those with ED exhibited significantly higher UA levels,

such an association was lost at the multivariable regression model.34

More recently, in a series of Finnish men from the Harmonica (HAr-

javalta Risk MONItoring for CArdiovascular disease) Project, UA was

not associated with ED in univariate or multivariable analysis.35

In order to comprehensively assess the extent of the association

between UA and ED, we carried out a systematic review with meta-

analysis and meta-regression study to define pooled prevalence esti-

mates and possible correlates of ED inmenwith hyperuricemia.

2 METHODS

The study was conducted according to the Preferred Reporting Items

for Systematic Review and Meta-Analysis Protocols (PRISMA-P).36 It

also complies with the guidelines of Meta-Analyses and Systematic

Reviews of Observational Studies (MOOSE).37 The PRISMA-P

and MOOSE checklists have been presented as Tables S1 and S2,

respectively. The study is registered in the PROSPERO (Interna-

tional Prospective Register of Systematic Reviews) with the number

CRD42020188585. (https://www.crd.york.ac.uk/PROSPERO/).

2.1 Systematic search strategy

A systematic search was performed in MEDLINE, Scopus, and

Cochrane Library, including the following free and vocabulary terms:

‘uric acid’, ‘urate’, ‘hyperuricemia’, ‘gout’, ‘erectile dysfunction’, ‘erection’,

and ‘impotence’, using the Boolean functions AND/OR. The search was

restricted to English-language studies enrolling human participants,

published up to February 2021. If it was not clear from the abstract

whether the study contained relevant data, the full text was retrieved.

The reference lists of the identified articles were also scrutinized to

find possible additional pertinent studies.

2.2 Inclusion and exclusion criteria

Eligible studies were identified according to a PECOS (Population,

Exposure, Comparison/Comparator, Outcomes, Study design) model

(Table S3).

Studies were included in the quantitative analysis if they reported

the prevalence (or information for its calculation) of any diagnosis of

ED (according to a different diagnosis, see Table 1) in subjects with

a documented diagnosis of hyperuricemia and/or gout recruited from

the general populationor fromcohorts of patients.Observational stud-

ies (case-control, cross-sectional, prospective, and series of cases), as

well as intervention studies, were screened for eligibility. Only infor-

mation about cases (subjects with hyperuricemia and/or gout) was

extracted from case-control studies. Only baseline information was

extracted from intervention studies assessing the effects of the urate-

lowering treatments in patients with hyperuricemia. Duplicates were

rigorously checked and removed.

Reviews, meta-analyses, studies lacking to assess the outcomes of

interest or with unsuitable design (e.g. assessment of UA levels in men

with ED) were excluded. When the population sample was used for

multiple publications, the studywith the largest number of participants

was included.

Two independent reviewers (Maria Totaro and Settimio D’Andrea)

evaluated the full text of all selected studies for eligibility, and, where a

disagreement occurred, a third reviewer (Arcangelo Barbonetti) took a

decision after an open discussion.

2.3 Data extraction

Data were extracted from the selected studies by three independent

reviewers (Maria Totaro, Settimio D’Andrea, and Chiara Castellini) by

including the first author, publication year, country/geographic region,

https://www.crd.york.ac.uk/PROSPERO/
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study design, the total number of individuals with hyperuricemia, and

the number of those complaining of ED and the diagnostic tool for

sexual dysfunction. The mean value of the age of the participants,

diagnosis of chronic kidney disease (CKD), and MetS-related comor-

bidities, including type 2 diabetes mellitus (T2DM), dyslipidemia,

and hypertension, were also taken into account, when available.

When summary statistics were not fully reported, these were calcu-

lated, whenever possible.38 Where data were missing, incomplete,

or inconsistent, the authors were contacted to obtain necessary

information.

2.4 Quality assessment

The quality of the studies was assessed using an adapted Assessment

Tool for Prevalence Studies.39 This tool, designed to assess the risk of

bias in prevalence studies, takes into account10different items, includ-

ing representativeness and selection of the study population, the likeli-

hood of non-response bias, the process of data collection, appropriate-

ness of the definition of cases (subjects with ED) as well as of the mea-

surement of the parameter of interest (prevalence of ED). Response

options for individual items were either low or high risk of bias and

a summary assessment of the overall risk of bias was based on the

subjective judgment attributed to the 10 items: 7–10 items with ‘low

risk’ judgment indicated an overall low risk of bias, 4–6 items with

‘low risk’ judgment indicated an overall moderate risk of bias, and

0–3 items with ‘low risk’ judgment indicated an overall high risk of

bias.

Quality assessment was performed independently by two review-

ers (Maria Totaro and Settimio D’Andrea) and any disagreement was

resolved by involving a third reviewer (Arcangelo Barbonetti) who re-

evaluated the original study.

2.5 Statistical analysis

The pooled prevalence of EDwas estimated by a random-effectsmodel

which assumes that the included studies have varying effect sizes,

thus providing a conservative estimate of the overall effect. The 95%

confidence intervals (CIs) of the prevalence reported in individual

studies were estimated from the proportion of cases of ED and the

sample size, using the binomial Clopper-Pearson exact method. After

ascertaining the non-normal distribution of the original data sets (by

the Shapiro-Wilk test), the Freeman-Tukey double arcsine transforma-

tion was applied to the primary study data to approximate normal-

ity. The final pooled results and 95% CIs were back-transformed and

expressed as percentages for an easier interpretation. An inverse vari-

ance method was used for weighting each study in the pooled esti-

mates. TheCochran’s chi-square (Cochran’sQ) test and the I2 testwere

used to analyze the statistical heterogeneity between the results of

different studies: an I2 > 50% and/or p < 0.05 indicated substantial

heterogeneity.40 Publication biaswas graphically explored through the

funnel plot.41

Covariates that could affect the estimates, such as the mean age of

theparticipants and thepresenceof comorbidities (CKD, hypertension,

T2DM, dyslipidemia) were included in linear meta-regressionmodels.

Data were analyzed and graphed using the packages ‘metafor’ and

‘ggplot2’ of the R statistical software (version 3.6.3, 2020; The R Foun-

dation for Statistical Computing, Vienna, Austria).

3 RESULTS

3.1 Study selection and quality assessment

From the electronic search, we retrieved a total of 481 studies and two

additional records were found by manual search. After the removal of

duplicates, 396 studieswere left, ofwhich, 381were excluded as irrele-

vant based on title and abstract reading. Hence, as shown in Figure 1,15

studies were identified, of which 8 met the inclusion criteria.33,42–48

The study by Chen and colleagues49 was excluded since the population

under investigation was already included in that by Hsu et al.42 Details

of the selected articles are summarized in Table 1.

Quality assessment of the studies is shown in Table 2. Six studies

were considered at low/moderate risk of bias, whereas an overall high

risk of bias was attributed to the remaining two studies.

3.2 Synthesis of results and publication bias

As shown in Figure 2, the included studies collectively gave infor-

mation about ED in 85,406 hyperuricemic men, resulting in a pooled

ED prevalence estimate of 33% (95% CI: 13%–52%; I2= 99.9%,

pfor heterogeneity < 0.0001).

The asymmetric shape of the funnel plot pointed to the presence

of a publication bias (Figure 3): the largest studies tended to converge

around a low pooled estimate (< 20%) at the top of the funnel plot,

contrary to smaller studies, displaying a wide scatter of effect esti-

mates around a higher pooled prevalence of ED at the bottom of the

distribution.

3.3 Meta-regressions and sub-group analysis

Meta-regression analyses were carried out to find out covariates that

could affect the prevalence estimate. No significant relationship was

found between ED and mean age of study populations (β = –0.0019;

95% CI: –0.049, 0.045; p = 0.9), diagnosis of dyslipidemia (β = 0.018;

95% CI: –0.002, 0.038; p = 0.08), CKD (β = 0.0028; 95% CI: –0.0065,

0.0121; p= 0.6), and hypertension (β= 0.0124; 95%CI: –0.021, 0.045;

p= 0.5). Instead, a diagnosis of T2DMwas significantly associatedwith

ahigher prevalenceof ED inhyperuricemicmen (β=0.08; 95%CI: 0.01,

0.15; p= 0.025, Figure 4).

A sub-group analysis was carried out according to funnel plot dis-

tribution of effect estimates (Figure 3) and T2DM meta-regression

results (Figure 4). When the analysis was restricted to the studies by
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F IGURE 1 Flow diagram showing an overview of the study selection process

TABLE 2 Quality assessment of the included studies

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Overall

Kim et al.43 L H H L L L L L L H Low risk of bias

Schlesinger et al.46 L H H L L L L L H L Low risk of bias

Sultan et al.48 L H H L H L L L H L Moderate risk of bias

Schlesinger et al.47 L L H L H L L L H L Low risk of bias

Hsu et al.42 L L L L H L L L H L Low risk of bias

Maynard et al.44 H H H H H H H H H H High risk of bias

Roddy et al.45 H H H H H H H H H H High risk of bias

Gao et al.33 L H H L L L L L L H Low risk of bias

H=High risk; L= Low risk.

Q1.Was the study’s target population a close representation of the national population in relation to relevant variables.

Q2.Was the sampling frame a true or close representation of the target population.

Q3.Was some form of random selection used to select the sample, ORwas a census undertaken.

Q4.Was the likelihood of non-response bias minimal.

Q5.Were data collected directly from the subjects (as opposed to a proxy).

Q6.Was an acceptable case definition used in the study.

Q7.Was the study instrument that measured the parameter of interest (prevalence of sexual dysfunction) shown to have reliability and validity.

Q8.Was the samemode of data collection used for all subjects.

Q9.Was the length of the shortest prevalence period for the parameter of interest appropriate.

Q10.Were the numerator(s) and denominator(s) for the parameter of interest appropriate.

Overall. The summary item on the overall risk of study bias: 7–10 items with ‘low risk’ judgment = overall low risk of bias; 4–6 items with ‘low risk’ judg-

ment= overall moderate risk of bias; 0–3 itemswith ‘low risk’ judgment= overall high risk of bias.
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F IGURE 2 Forest plot depicting the pooled prevalence estimate for erectile dysfunction (ED) in hyperuricemicmen. The diamond indicates the
overall summary estimate and the width of the diamond represents the 95% confidence interval (CI). The boxes indicate the weight of individual
studies in the pooled results

F IGURE 3 Funnel plot of the results from studies assessing the
prevalence of erectile dysfunction (ED) in menwith hyperuricemia

Hsu et al.,42 and Schlesinger et al.,47, reporting both the largest sample

size and the lowest prevalence of T2DM, the pooled prevalence of ED

dropped to 4% (95% CI: 0%–8%; I2= 99.9%, pfor heterogeneity < 0.0001,

Figure 5A). On the contrary, the pooled estimate increased up to 50%

(95% CI: 17%–84%; I2= 99.4%, pfor heterogeneity < 0.0001) in the sub-

analysis that included the studies by Gao et al.,33 Schlesinger et al.,46

and Sultan et al.,48, all enrolling smaller series with a higher prevalence

of T2DM (Figure 5B).

4 DISCUSSION

According to results from the presentmeta-analysis, overall, EDwould

be exhibited by 33% of men with hyperuricemia. Indeed, the accuracy

of the prevalence estimate was burdened by the large between-study

heterogeneity, with prevalence rates among studies ranging from1%42

to 76%.46

The wide variability of the results is likely to be a reflection of

differences in clinical characteristics of the enrolled populations that

F IGURE 4 Meta-regression bubble plot of the prevalence of
erectile dysfunction (ED) in hyperuricemic men as a function of the
concomitant diagnosis of type 2 diabetes mellitus (T2DM). The
predicted effects (solid line) with corresponding confidence intervals
(gray range) are also shown. CI, confidence interval

could exhibit heterogeneous profiles of CVD risk. In particular, hyper-

uricemic disorders can represent very common features of MetS,8–11

which results from a constellation of visceral obesity, hypertension,

dyslipidemia, and hyperglycemia, up to overt T2DM.50 All these com-

ponents, which are linked by a common thread of insulin resistance,

are well-known risk factors for endothelial dysfunction/damage and

the impairment of the cardiovascular system integrity can result in

vasculogenic ED.51 Therefore, it can be hypothesized that a variable
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F IGURE 5 Forest plots depicting the results of the sub-group analysis according to sample size and prevalence of type 2 diabetes mellitus
(T2DM) of the study populations. The pooled prevalence estimate of erectile dysfunction (ED) in hyperuricemic menwas calculated separately for
studies with both larger sample sizes and lower T2DMprevalence (A) and for those enrolling smaller series with a higher prevalence of T2DM (B).
Diamonds indicate the overall summary estimates and the width of the diamonds represents the 95% confidence interval (CI). The boxes indicate
the weight of individual studies in the pooled results
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expression of MetS-related CVD risk factors in the study populations

has contributed to the high between-study heterogeneity in the preva-

lence rates of ED among hyperuricemic patients. In this regard, some

interesting information arose from the results of meta-regression

analyses. The lack of a significant positive association between the

prevalence of ED and age is not surprising. Although in the general

population, ED gets more prevalent with aging,52 reflecting both a

progressive decline in testosterone levels and poorer cardiovascular

health, these latter events also occur in the presence ofMetS irrespec-

tive of age. In this scenario, a young dysmetabolic (and hyperuricemic)

man might display the same risk of developing ED as an elderly man

without metabolic disorders.53 On this basis, the positive association

between ED and aging, could become no longer recognizable in

patients whose hyperuricemia can be framed by the MetS picture. In

the context ofMetS, theuseofmultiplemedications, namely antihyper-

tensive drugs, could also contribute to worsening ED: as beta-blockers

and diuretic therapy tend to elevate circulating UA levels,54 it has

been hypothesized55 that such a pharmacological interference could

partially explain the reported association between hyperuricemia and

ED in hypertensive patients.31,32 Noteworthy, at the meta-regression

analyses, among the main clinical components of MetS, including

hypertension, dyslipidemia, and T2DM, only this latter exhibited a sig-

nificant association with the prevalence of ED in hyperuricemia. At the

sub-group analysis, the pooled prevalence of EDdecreased to 4% (95%

CI: 0%–8%) when only the two studies with both largest sample size

and lowest prevalence of T2DM were included,42,47 whereas the esti-

mate increased up to 50% (95% CI: 17%–84%) when the analysis was

restricted to studies enrolling smaller series with higher prevalence of

T2DM.33,46,48 Indeed, diabetes can adversely affect erectile function

bydifferent pathogeneticmechanisms, ranging frommicro- andmacro-

angiopathy and neuropathy56 to endothelial dysfunction related to

reactive oxygen species, which represent key mediators in the patho-

physiology of chronic complications.57 In long-lasting diabetes, the

impairment of renal function could also contribute to increasing

circulating UA levels. In fact, UA is mainly produced by the liver and

intestinal mucosa as the final breakdown product of purine catabolism

and is eliminated by kidneys.58 In this light, the effect of glomerular

filtration rate (GFR) has been suspected to act as a confounding factor

in mediating the association between UA and ED.59 Accordingly, in a

study by Solak et al. in 312 patients with coronary artery disease,34

the significant univariate association between higher UA levels and ED

was lost at the multivariable analysis adjusted for GFR. In the present

study, at the meta-regression analysis, the presence of CKD did not

affect the prevalence rate of ED in hyperuricemic men, although cau-

tion should be used when interpreting this finding due to the limited

number of studies included. Overall, the results of ourmeta-regression

and sub-group analyses seem to resize the role of hyperuricemia as a

possible direct causal factor of endothelial dysfunction leading to ED.

Hyperuricemia and ED could simply share common risk factors related

to a dysmetabolic habitus. As matters stand, outside the context of

T2DMandMetS, the association between hyperuricemia and ED could

beunremarkable especially in full-scale investigations. Accordingly, in a

recent cross-sectional study enrolling unselected Finnish men, UAwas

not associated with ED both in univariate andmultivariable analysis.35

This meta-analysis has some limitations. First, only a few studies

were included in the quantitative synthesis, which resulted, indeed,

from a strict screening and selection of the literature. However,

although only eight articles were selected, they collectively provided

information on a relatively large study population, includingmore than

85,000 hyperuricemic men, of whom 5023 complained of ED. More-

over, the shape of the funnel plot suggested the presence of a publi-

cation bias but the inclusion of eight studies only prevented us from

performing tests for funnel plot asymmetry. A further major limita-

tion concerns the heterogeneity in the criteria used for the selection

of hyperuricemic populations. Hyperuricemiawas not always explicitly

quantified and different cut-offs were used among the studies. More-

over, a full comparability of findings from the included studies could

not be ensured because of the use of different (not always validated)

tools for the diagnosis of ED (Table 1), which could introduce a mea-

surement bias. Finally, the dearth of information regarding the etiol-

ogy of ED and other relevant patients’ characteristics, including testos-

terone levels, GFR, MetS-related CVD risk factors, and antihyperten-

sive medications, did not allow their inclusion in comprehensive meta-

regression and sub-group analyses to check their possible contribu-

tions in explaining the large between-study heterogeneity.

In conclusion, a not negligible proportion ofmenwith hyperuricemia

can complain of ED. While a direct pathogenetic contribution of UA in

promoting endothelial dysfunction cannot be ruled out, the evidence

of a stronger association between hyperuricemia and ED in diabetic

patients points to hyperuricemia as a marker of systemic dysmetabolic

disorders adversely affecting erectile function.

CONFLICT OF INTEREST

The authors have declared no conflict of interest.

AUTHOR CONTRIBUTIONS

Maria Totaro and Arcangelo Barbonetti conceived the concept and

design. Maria Totaro wrote the article under Arcangelo Barbonetti’s

supervision. Settimio D’Andrea, Antonio Parisi, Sara Palazzi, Federica

D’Amato, and Daniele Tienforti were involved in the acquisition of

the data. Maria Totaro and Arcangelo Barbonetti were involved in the

statistical analysis and interpretation of the data. Settimio D’Andrea,

Chiara Castellini, Marco Giorgio Baroni, and Sandro Francavilla were

involved in the interpretation of the data and critically reviewed the

article. All authors have read and agreed to the published version of the

manuscript.

FUNDING INFORMATION

Ministero dell’Istruzione, Università e Ricerca (MIUR); Grant/Award

Number: 2017XLFJAX.

ORCID

SettimioD’Andrea https://orcid.org/0000-0002-5031-031X

ArcangeloBarbonetti https://orcid.org/0000-0002-6888-9585

https://orcid.org/0000-0002-5031-031X
https://orcid.org/0000-0002-5031-031X
https://orcid.org/0000-0002-6888-9585
https://orcid.org/0000-0002-6888-9585


80 TOTARO ET AL.

REFERENCES

1. NIH Consensus Conference. Impotence. NIH consensus development

panel on impotence. JAMA. 1993;270(1):83-90.
2. SullivanME,KeoghaneSR,MillerMA.Vascular risk factors anderectile

dysfunction. BJU Int. 2001;87(9):838-845.
3. Montorsi P, Ravagnani PM, Galli S, et al. Association between erec-

tile dysfunction and coronary artery disease:matching the right target

with the right test in the right patient. Eur Urol. 2006;50(4):721-731.
4. Dong JY, Zhang YH, Qin LQ. Erectile dysfunction and risk of cardio-

vascular disease:meta-analysis of prospective cohort studies. JAmColl
Cardiol. 2011;58(13):1378-1385.

5. Salem S, Abdi S, Mehrsai A, et al. Erectile dysfunction severity as a

risk predictor for coronary artery disease. J SexMed. 2009;6(12):3425-
3432.

6. Fung MM, Bettencourt R, Barrett-Connor E. Heart disease risk fac-

tors predict erectile dysfunction 25 years later: the Rancho Bernardo

study. J Am Coll Cardiol. 2004;43(8):1405-1411.
7. Vlachopoulos C, Rokkas K, Ioakeimidis N, et al. Prevalence of asymp-

tomatic coronary artery disease inmenwith vasculogenic erectile dys-

function: a prospective angiographic study. Eur Urol. 2005;48(6):996-
1003.

8. Choi HK, Ford ES. Prevalence of themetabolic syndrome in individuals

with hyperuricemia. Am JMed. 2007;120(5):442-447.
9. Dai X, Yuan J, Yao P, et al. Association between serumuric acid and the

metabolic syndrome among amiddle- and old-ageChinese population.

Eur J Epidemiol. 2013;28(8):669-676.
10. Borghi C, Rosei EA, Bardin T, et al. Serum uric acid and the risk of car-

diovascular and renal disease. J Hypertens. 2015;33(9):1729-1741.
11. Nejatinamini S, Ataie-Jafari A, Qorbani M, et al. Association between

serum uric acid level and metabolic syndrome components. J Diabetes
Metab Disord. 2015;14:70.

12. ErdoganD,GulluH,CaliskanM, et al. Relationship of serumuric acid to

measures of endothelial function and atherosclerosis in healthy adults.

Int J Clin Pract. 2005;59(11):1276-1282.
13. Zoccali C, Maio R, Mallamaci F, Sesti G, Perticone F. Uric acid and

endothelial dysfunction in essential hypertension. J Am Soc Nephrol.
2006;17(5):1466-1471.

14. Kanbay M, Yilmaz MI, Sonmez A, et al. Serum uric acid level and

endothelial dysfunction in patients with nondiabetic chronic kidney

disease. Am J Nephrol. 2011;33(4):298-304.
15. Matheus AS, Tibiriçá E, da Silva PB, de Fátima Bevilácqua da Matta

M, Gomes MB. Uric acid levels are associated with microvascular

endothelial dysfunction in patients with Type 1 diabetes. Diabet Med.
2011;28(10):1188-1193.

16. Park JH, Jin YM, Hwang S, Cho DH, Kang DH, Jo I. Uric acid atten-

uates nitric oxide production by decreasing the interaction between

endothelial nitric oxide synthase and calmodulin in human umbilical

vein endothelial cells: a mechanism for uric acid-induced cardiovascu-

lar disease development.Nitric Oxide. 2013;32:36-42.
17. JohnsonRJ, SegalMS, SrinivasT, et al. Essential hypertension, progres-

sive renal disease, and uric acid: a pathogenetic link. J Am Soc Nephrol.
2005;16(7):1909-1919.

18. Cannon PJ, Stason WB, Demartini FE, Sommers SC, Laragh JH.

Hyperuricemia in primary and renal hypertension. N Engl J Med.
1966;275(9):457-464.

19. Feig DI, Johnson RJ. Hyperuricemia in childhood primary hyperten-

sion.Hypertension. 2003;42(3):247-252.
20. Sundström J, Sullivan L, D’Agostino RB, Levy D, Kannel WB, Vasan RS.

Relations of serum uric acid to longitudinal blood pressure tracking

and hypertension incidence.Hypertension. 2005;45(1):28-33.
21. Feig DI, Soletsky B, Johnson RJ. Effect of allopurinol on blood pres-

sure of adolescents with newly diagnosed essential hypertension: a

randomized trial. JAMA. 2008;300(8):924-932.
22. GraysonPC, Kim SY, LaValleyM, ChoiHK.Hyperuricemia and incident

hypertension: a systematic reviewandmeta-analysis.Arthritis CareRes.
2011;63(1):102-110.

23. Kang DH, Park SK, Lee IK, Johnson RJ. Uric acid-induced C-

reactive protein expression: implication on cell proliferation and

nitric oxide production of human vascular cells. J Am Soc Nephrol.
2005a;16(12):3553-3562.

24. GerschC, Palii SP, KimKM, Angerhofer A, Johnson RJ, HendersonGN.

Inactivation of nitric oxide by uric acid. Nucleosides Nucleotides Nucleic
Acids. 2008;27(8):967-978.

25. Sánchez-Lozada LG, Soto V, Tapia E, et al. Role of oxidative stress in

the renal abnormalities induced by experimental hyperuricemia. Am J
Physiol Renal Physiol. 2008;295(4):F1134-F1141.

26. Zharikov S, Krotova K, Hu H, et al. Uric acid decreases NO production

and increases arginase activity in cultured pulmonary artery endothe-

lial cells. Am J Physiol Cell Physiol. 2008;295(5):C1183-C1190.
27. Rao GN, Corson MA, Berk BC. Uric acid stimulates vascular smooth

muscle cell proliferation by increasing platelet-derived growth factor

A-chain expression. J Biol Chem. 1991;266(13):8604-8608.
28. Kang DH, Han L, Ouyang X, et al. Uric acid causes vascular smooth

muscle cell proliferation by entering cells via a functional urate trans-

porter. Am J Nephrol. 2005b;25(5):425-433.
29. Corry DB, Eslami P, Yamamoto K, Nyby MD, Makino H, Tuck ML.

Uric acid stimulates vascular smooth muscle cell proliferation and

oxidative stress via the vascular renin-angiotensin system. J Hypertens.
2008;26(2):269-275.

30. LongH, Jiang J, Xia J, et al. Hyperuricemia is an independent risk factor

for erectile dysfunction. J SexMed. 2016;13(7):1056-1062.
31. Aribas A, Kayrak M, Ulucan S, et al. The relationship between uric

acid and erectile dysfunction in hypertensive subjects. Blood Press.
2014;23(6):370-376.

32. Salem S, Mehrsai A, Heydari R, Pourmand G. Serum uric acid as a risk

predictor for erectile dysfunction. J SexMed. 2014;11(5):1118-1124.
33. Gao F, Jiang B, Cang Z, et al. Serum uric acid is associatedwith erectile

dysfunction: a population-based cross-sectional study inChinesemen.

Sci Rep. 2017;7(1):2087.
34. SolakY,AkilliH,KayrakM, et al.Uric acid level anderectile dysfunction

in patients with coronary artery disease. J Sex Med. 2014;11(1):165-
172.

35. Tuokko AT, Murtola T, Korhonen P, Kaipia A. Hyperuricemia is not an

independent predictor of erectile dysfunction [published online ahead

of print, Feb 20, 2021]. SexMed. 2021;9(2):100319.
36. Shamseer L, Moher D, Clarke M, et al. Preferred reporting items

for systematic review and meta-analysis protocols (PRISMA-P) 2015:

elaboration and explanation [published correction appears in BMJ.

2016 Jul 21;354:i4086]. BMJ. 2015;350:g7647.
37. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observa-

tional studies in epidemiology: a proposal for reporting. Meta-analysis

of observational studies in epidemiology (MOOSE) group. JAMA.
2000;283(15):2008-2012.

38. Bland M. Estimating mean and standard deviation from the sample

size, three quartiles, minimum, and maximum estimating mean and

standarddeviation fromthe sample size, threequartiles,minimum, and

maximum. Int J Stat Med Res. 2015;4(1):57-64.
39. Hoy D, Brooks P, Woolf A, et al. Assessing risk of bias in prevalence

studies: modification of an existing tool and evidence of interrater

agreement. J Clin Epidemiol. 2012;65(9):934-939.
40. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsis-

tency inmeta-analyses. BMJ. 2003;327(7414):557-560.
41. Sterne JA, Egger M. Funnel plots for detecting bias in meta-analysis:

guidelines on choice of axis. J Clin Epidemiol. 2001;54(10):1046-1055.
42. Hsu CY, Lin CL, Kao CH. Gout is associated with organic and psy-

chogenic erectile dysfunction. Eur J InternMed. 2015;26(9):691-695.
43. Kim JH, ChungMK, Kang JY, et al. Insulin resistance is an independent

predictor of erectile dysfunction in patients with gout. Korean J Intern
Med. 2019;34(1):202-209.

44. Maynard JW, McAdams MA, Baer AN, et al. Erectile dysfunction is

associated with gout in the campaign against cancer and heart disease

(CLUE II). Arthritis Rheum. 2010;62:1544.



TOTARO ET AL. 81

45. Roddy E,Muller S, Hayward R,Mallen C. Gout, allopurinol and erectile

dysfunction: an epidemiological study in a primary care consultation

database. Rheumatology. 2021;51:iii38.
46. Schlesinger N, Radvanski DC, Cheng JQ, Kostis JB. Erectile dys-

function is common among patients with gout. J Rheumatol.
2015;42(10):1893-1897.

47. Schlesinger N, Lu N, Choi HK. Gout and the Risk of Incident Erectile

Dysfunction: a Body Mass Index-matched Population-based Study. J
Rheumatol. 2018;45(8):1192-1197.

48. SultanA,MallenC,HaywardR, et al. Gout and subsequent erectile dys-

function: a population-based cohort study from England. Arthritis Res
Ther. 2017;19(1):123.

49. Chen YF, Lin HH, Lu CC, et al. Gout and a subsequent increased risk

of erectile dysfunction inmen aged 64 and under: a nationwide cohort

study in Taiwan. J Rheumatol. 2015;42(10):1898-1905.
50. Zafar U, Khaliq S, Ahmad HU, Manzoor S, Lone KP, Metabolic syn-

drome: an update on diagnostic criteria, pathogenesis, and genetic

links. Hormones.. 2018;17(3):299-313. https://doi.org/10.1007/

s42000-018-0051-3.

51. Oztekin CV, Kaya-Sezginer E, Yilmaz-Oral D, Gur S. Male urogeni-

tal disorders and metabolic syndrome: possible links, characteristics

and potential treatment strategies. Curr Pharm Des. 2018;24(9):1019-
1033.

52. Feldman HA, Goldstein I, Hatzichristou DG, Krane RJ, McKinlay JB.

Impotence and its medical and psychosocial correlates: results of the

Massachusetts male aging study. J Urol. 1994;151(1):54-61.
53. Cohen SD. The challenge of erectile dysfunction management in the

youngman. Curr Urol Rep. 2015;16(12):84.
54. Reyes AJ, Cardiovascular drugs and serum uric acid. Cardiovasc

Drugs Ther. 2003;17(5-6):397-414. https://doi.org/10.1023/b:card.

0000015855.02485.e3.
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