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Introduction: Erectile dysfunction (ED) is strongly associated with physiological and metabolic disturbances,
and hyperuricemia has been proposed to predict the onset of ED.

Aim: To investigate if hyperuricemia is an independent predictor for ED when all relevant confounding factors
are taken into account.

Methods: This is a cross-sectional study of men aged between 45 and 70 years. The population was well
characterized for established cardiovascular risk factors, metabolic syndrome, as well as kidney function,
depression, and socioeconomic factors. Analysis was limited to 254 men with complete data and also serum uric
acid (SUA) measurements were available. This included 150 men with and 104 without ED. The presence and
severity of ED was evaluated using International Index of Erectile Function-5 questionnaire. Risk of ED by SUA
level was calculated using univariate and multivariable-adjusted logistic regression. Effect modification by
participant characteristics were evaluated in subgroup analyses.

Main Outcome measures: The main outcome measures of this study are prevalence and severity of erectile
dysfunction.

Results: Patients with ED (59% of the study population) were older than men without ED (59 vs 54 years)
and had lower serum testosterone (14.3, 95% CI 11.3e17.3 vs 15.1 nmol/l, 95% CI 12.1e18.8, respec-
tively). Regarding all other variables, the groups were comparable. No significant difference was found for
SUA by ED. SUA was not associated with ED risk in univariate or multivariable analysis (multivariable-
adjusted OR 1.14, 95% CI 0.59e2.19, P ¼ .7) for SUA level higher than median compared with median or
lesser (OR 1.00, 95% CI 0.997e1.006, P ¼ .7 for continuous variable). No subgroup analysis modified the
association. After multivariable adjustment age, education level and depression were statistically significant
predictors of ED.

Conclusions: Elevated SUA was not found to be an independent risk factor for ED. Metabolic syndrome,
glomerular filtration rate, or cardiovascular risk factors did not modify this result. ED cannot be predicted based
on the level of SUA. A Tuokko, T Murtola, P Korhonen, et al. Hyperuricemia Is Not an Independent
Predictor of Erectile Dysfunction. Sex Med 2021;9:100319.
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INTRODUCTION

Erectile dysfunction (ED) is a major health concern in the
aging male population. The prevalence of ED is 10e20% in
overall male population and reaches 50e60% at age of
70 years.1,2 In addition to causing distress in itself, it has been
associated with onset of cardiovascular disease (CVD) and
metabolic syndrome (MetS).3,4 The association of ED with
CVD can be largely explained by common risk factors such as
aging, diabetes, hypertension, obesity, dyslipidemia, and smok-
ing, but ED is an independent predictor of CVD as well.5,6 The
pathophysiology and risk factors of ED and CVD are not yet
completely understood.
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MetS is characterized by central obesity, glucose intolerance,
dyslipidemia, and elevated blood pressure, and it shares these risk
factors with ED. MetS is also associated with chronic systemic
inflammation.7e9 While the exact pathophysiology underlying
systemic inflammation is not known, oxidative stress may play a
role. Hyperuricemia, which typically causes oxidative stress, is
commonly seen in patients with MetS.10,11 Hyperuricemia can
promote small-vessel disease and subsequent disturbance in
microcirculation by interfering with nitric oxide signaling and
causing smooth muscle proliferation which are commonly seen
in ED.12,13 Hyperuricemia is a modifiable risk factor and can be
managed through medication and dietary interventions. This
could provide new ways to intervene in the development of ED.

In addition to somatic pathophysiology, ED is also influenced
by factors affecting libido. Consequently, depression is an
established and significant risk factor for ED.14,15 Depression has
also been associated with a notable change in serum uric acid
(SUA) level.16,17 A clear knowledge gap regarding the association
of SUA and ED exists. The effect of glomerular filtration rate
(GFR) has been suspected to act as a confounding factor in the
association between SUA and ED,18 but few studies have been
performed on the topic.

We hypothesized that elevated SUA level is independently
associated with risk of ED. We used a particularly well-
documented group of men of apparent cardiovascular health,
where all major cardiovascular risk factors were taken into
consideration, including depressive symptoms and estimated
GFR (eGFR).
METHODS

This is a cross-sectional study based on the Harmonica Project
(Harjavalta Risk Monitoring for Cardiovascular Disease), which
was carried out in 2005 to 2007. The study was assessed and
approved by the Ethics Committee of Satakunta Hospital Dis-
trictm, and all study participants signed their informed consent.

The population consists of all men (n ¼ 2,939) aged between
45 and 70 years and living in the semirural towns of Harjavalta
and Kokemäki in Southwest Finland. Men were identified from
the national population register center covering the whole of
Finland. A cardiovascular risk factor survey and the Finnish
Diabetes Risk Score questionnaire were mailed to all home-
dwelling men.19 Those with prevalent CVD, diabetes, or
chronic kidney disease were excluded.

Respondents with a latest measured blood pressure of at least
140/90 mmHg, family history of premature CVD, at least 12
Finnish Diabetes Risk Score in Harjavalta (at least 15 score in
Kokemäki) or those using antihypertensive medication were
invited for laboratory tests and further examinations. In total,
1,200 men were examined (waist circumference, height, weight,
body mass index [BMI], blood pressure) by trained study nurses.

Depressive symptoms were assessed with Beck's depression
inventory.20 Additional questionnaires regarding alcohol
consumption, exercise, and smoking habits were completed.
Glucose intolerance was evaluated using a 2-hour glucose toler-
ance test. eGFR was calculated using the Chronic Kidney Disease
Epidemiology Collaboration formula.21 Presence of MetS was
determined by the The International Diabetes Federation
criteria.22

The International Index of Erectile Function (IIEF)-5 ques-
tionnaire was used to collect data on ED and its severity.23

Further 200 men were excluded for no sexual activity
(n ¼ 93) or improperly filled IIEF-5 form (n ¼ 107). This
included reporting a zero score or leaving any question unan-
swered. The IIEF-5 questionnaire determines the severity of ED:
no ED, 22e25; mild, 17e21; mild to moderate, 12e16;
moderate, 8e11; and severe, 5e7. The formation of study
population is presented in Figure 1.

The study population, clinical measurements, and laboratory
analyses have been previously described in detail by Korhonen
et al.24 The same cohort data have been used in earlier studies on
ED risk factors published by Ettala et al.25 High-intensity
physical activity, stable relationship status, and schooling after
grade school were previously found to be associated with a lower
risk of ED. Presence of depressive symptoms increases the
adjusted risk of ED in these data.26

The present analysis was limited to men with sufficient data
on ED severity, based on a correctly answered IIEF-5 ques-
tionnaire as well as valid information on age, BMI, use of beta
blockers, possible impaired glucose tolerance, and serum levels of
total cholesterol, high-density lipoprotein cholesterol (HDL-C),
triglycerides, eGFR, SUA, and testosterone. This resulted in a
total of 254 cases with complete information available.
Statistical Analysis
Distribution of risk factors among men with and without ED

was compared using Mann-Whitney U-test for continuous var-
iables and Chi-square test for categorical variables.

We first performed age-adjusted analysis for SUA (both
continuous variable and stratified by median), BMI, HDL-C,
triglyceride, total cholesterol, eGFR (continuous and stratified
by median), beta blocker usage, impaired glucose tolerance,
systolic blood pressure, smoking, education level, living condi-
tions (living alone/with someone), and depression score to
determine possible ED risk factors in our study population.

All variables that were statistically significantly associated with
hyperuricemia in univariate analysis were decided a priori to be
included in multivariate analysis. In addition, variables related to
known clinical risk factors for ED were decided a priori to be
included.

Odds ratios and CIs of 95% for the risk of ED were calculated
using logistic regression. Age, BMI, eGFR, SUA, testosterone,
HDL-C, and triglycerides were first analyzed as continuous
variables. Beta blocker medication (any use vs no use), level of
glucose tolerance, as well as blood pressure, depression, and
Sex Med 2021;9:100319



Table 1. Population characteristics stratified by erectile dysfunction in the population of 254 Finnish men

ED (n ¼ 150, 59%) No ED (n ¼ 104, 41%) P For difference

Age (years)* 59 ± 6 54 ± 6 <.001
Body mass index (kg/m2)* 28.4 ± 3.8 28.8 ± 4.7 .9
Systolic blood pressure (mmHg)* 149 ± 17.5 147 ± 17.9 .4
Diastolic blood pressure (mmHg)* 90 ± 8.5 90 ± 9.3 .2
Glomerular filtration rate, estimated (ml/min)† 90 (81e96) 92 (82e101) .046
Serum uric acid (mmol/l)† 379.4 (336e417) 372.45 (336e402) .5
Serum uric acid level above median 78 (52%) 49 (47%) .4
Total cholesterol (mmol/l)† 5.2 (4.6e6.0) 5.3 (4.7e5.8) .7
HDL cholesterol (mmol/l)† 1.3 (1.1e1.6) 1.3 (1.1e1.6) .6
Triglycerides (mmol/l)† 1.2 (1e1.8) 1.3 (0.9e1.9) .9
Testosterone (nmol/l)† 14.3 (11.3e17.3) 15.1 (12.2e18.8) .08
Impaired glucose tolerance 105 (70%) 69 (66%) .5
FINDRISC diabetes risk score† 5.3 (3.6e8.3) 3.6 (1.9e5.9) <.001
Beta-blocker medication 25 (17%) 19 (18%) .7
Smoking 37 (25%) 22 (21%) .5
Schooling after grade school 31 (22%) 40 (41%) .002
Living with a partner 121 (85%) 86 (89%) .4
Beck's depression inventory 5 (2e8) 2 (0e5) <.001

ED ¼ Erectile dysfunction; FINDRISC ¼ Finnish Diabetes Risk Score; HDL, high-density lipoprotein.
*Mean and SD reported for variables following normal distribution.
†Median and interquartile range reported for variables with skewed distribution.
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education data were entered as categorized variables. To further
estimate the role of SUA, testosterone, eGFR, and systolic blood
pressure as ED risk factors, we performed analysis where these
variables were stratified by median. Continuous variables were
used to evaluate risk trends. Odds ratios for ED were estimated
using categorical variables.

Subgroup analyses were stratified by potential confounding
factors age, BMI, eGFR, testosterone level, impaired glucose
tolerance, depression, and presence of MetS.

We calculated a propensity score using logistic regression
method with ED as the dependent variable. Variables included in
the propensity score were age, BMI, presence of glucose intol-
erance, blood pressure level, HDL-C, triglycerides and testos-
terone levels, eGFR, beta blocker usage, and education level.
Propensity score was calculated based on odds ratios for ED each
of these variables had in the univariate model.

Data were analyzed with SPSS for Mac 24 (SPSS, Inc,
Chicago, IL, USA). All P values are two-sided.
RESULTS

Population Characteristics
ED data were available for a total of 648 men. Majority of

them (n ¼ 366, 56.5%) had an ED ranging from mild to severe
and 282 (43.5%) men reported no ED. Valid data on SUA were
available for 254 patients, and in this group, prevalence of ED
was similar at 59%.

Characteristics of the study population are presented in detail in
Table 1, categorized by presence of ED. Patients with ED were on
Sex Med 2021;9:100319
average slightly older (59 vs 54 years, P for difference<0.001) and
had generally lower education level than those without ED
(P ¼ .002). Glucose intolerance was more common in the ED
group but the difference to the non-ED group was not statistically
significant (P ¼ .538). However, men with ED scored signifi-
cantly higher in diabetes risk score evaluation (P < .001).

Differences in BMI, smoking habits, or serum testosterone
levels were not statistically significant. Blood pressure levels,
eGFRs, and cholesterol levels were comparable between the
groups. Men with ED scored significantly higher in Beck's
depression inventory (P < .001). No other significant differences
were found between the groups.
Uric Acid as ED Risk Factor
The results of univariate analysis are presented in Table 2. A

statistically significant association (P < .05) for occurrence of ED
was found for eGFR (both continuous and stratified by median),
age, impaired glucose tolerance, serum testosterone, depressive
symptoms, and level of education. These variables were included
in multivariable-adjusted regression analysis to identify inde-
pendent ED risk factors. CVD is a known risk factor for ED, so
variables closely associated with CVD (BMI, HDL-C, tri-
glycerides, systolic blood pressure) were also included in the
model. Living conditions were not statistically significantly
associated with ED in univariate analysis and were thus excluded.
In multivariable analysis, Finnish Diabetes Risk Score was not an
independent risk factor after inclusion of the cardiovascular risk
factors already included in the score and was excluded from the
multivariable analysis.



Table 2. Risk factors for erectile dysfunction in univariate analysis.
Cross-sectional analysis of 254 Finnish men with cardiovascular
risk factors

Uric Acid Or (95% CI) P

Age 1.12 (1.07e1.17) <.001
Body mass index 0.98 (0.92e1.04) .5

Categorized by median
(28.1 kg/m2)

0.97 (0.59e1.61) .9

Systolic blood pressure 1.01 (0.99e1.02) .3
Categorized by median
(148 mmHg)

1.27 (0.77e2.10) .4

Estimated glomerular
filtration rate

0.98 (0.96e1.00) .056

Categorized by median
(90 mL/min)

0.78 (0.47e1.30) .3

Serum uric acid 1.01 (1.00e1.01) .4
Categorized by median
(375 mmol/l)

1.22 (0.74e2.01) .4

Total cholesterol 1.06 (0.81e1.38) .7
HDL cholesterol 1.15 (0.62e2.14) .7
Triglycerides 0.92 (0.67e1.28) .6
Testosterone 0.95 (0.90e1.00) .071

Categorized by median
(14.7 nmol/l)

0.77 (0.47e1.27) .3

Impaired glucose tolerance
of any level

1.18 (0.69e2.02) .5

Categorized in 4 groups 1.26 (0.91e1.73) .16
FINDRISC diabetes risk

score
1.15 (1.06e1.25) <.001

Categorized by median
(4 points)

1.80 (1.06e3.07) .03

Beta-blocker medication 0.92 (0.46e1.73) .7
Smoking 1.21 (0.66e2.20) .5
Schooling after grade

school, any level
0.41 (0.23e0.71) <.001

Categorized in 4 groups 0.56 (0.38e0.83) <.001
Living with a partner 0.71 (0.32e1.53) .4
Beck's depression

inventory
1.15 (1.07e1.24) <.001

Categorized by median
(3 points)

3.06 (1.71e5.49) <.001

HDL ¼ high-density lipoprotein.

Table 3. Risk factors for erectile dysfunction in multivariable
analysis. Cross-sectional analysis of 254 Finnish men with
cardiovascular risk factors

ED Risk Factor Or (95% CI) P

Age 1.11 (1.05e1.17) <.001
Body mass index 1.01 (0.92e1.10) .9

Categorized by median
(28.1 kg/m2)

1.29 (0.67e2.45) .4

Systolic blood pressure 1.00 (0.98e1.02) .9
Categorized by median
(148 mmHg)

1.24 (0.67e2.28) .5

Estimated glomerular
filtration rate

1.00 (0.97e1.03) .8

Categorized by median
(90 mL/min)

1.28 (0.64e2.56) .5

Serum uric acid 1.00 (1.00e1.01) .7
Categorized by median
(375 mmol/l)

1.14 (0.59e2.19) .7

HDL cholesterol 0.92 (0.41e2.07) .8
Triglycerides 1.09 (0.71e1.66) .7
Testosterone 0.95 (0.88e1.01) .1

Categorized by median
(14.7 nmol/l)

0.67 (0.35e1.30) .2

Impaired glucose tolerance
of any level

1.07 (0.55e2.11) .8

Categorized in 4 groups 1.13 (0.75e1.70) .6
Beta-blocker medication 0.59 (0.25e1.38) .2
Schooling after grade

school, any level
0.52 (0.33e0.83) .005

Categorized in 4 groups 0.47 (0.24e0.91) .025
Living with a partner 0.71 (0.32e1.53) .4
Beck's depression

inventory
1.17 (1.08e1.27) <.001

Categorized by median
(3 points)

3.46 (1.83e6.55) <.001

HDL ¼ high-density lipoprotein.
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Uric acid was not associated with ED risk in univariate or
multivariable analysis (multivariable-adjusted OR 1.14, 95% CI
0.59e2.19, P ¼ .7) for SUA level higher than median compared
to median or lesser (OR 1.00, 95% CI 0.997e1.006, P ¼ .7 for
trend by SUA as continuous variable). In univariate logistic
regression analysis, statistically significant or borderline signifi-
cant associations with ED were found for age, impaired glucose
tolerance, eGFR, serum testosterone level, education level, and
depressive symptoms.

The results of multivariate analysis are presented in Table 3.
Education level remained an independent predictor of ED in
multivariable adjusted analysis; the risk was lower in men with
higher education level compared than in those with lower
education level (OR 0.49, 95% CI 0.50e 0.80). Depressive
symptoms as per Beck Depression Inventory remained a strong
predictor for ED also in multivariable adjusted analysis (OR
1.17, 95% CI 1.08e1.27) as well as age (OR 1.11, 95% CI
1.05e1.17). Testosterone was a borderline significant predictive
factor.
Subgroup Analysis
Participant age, eGFR, glucose tolerance, testosterone, BMI,

depression inventory results or presence of MetS did not modify
the association between SUA and ED (Table 4). Of other ED
risk factors, eGFR modified the association for testosterone; in
the low eGFR group, higher testosterone level was associated
with lower risk of ED, while in normal eGFR group, no risk
difference by testosterone was observed (P for difference 0.04).

Age, BMI, or impaired glucose tolerance did not modify the
risk association for uric acid. Age did modify the risk association
Sex Med 2021;9:100319



Ta
bl
e
4
.S

er
um

U
A
as

a
ris

k
fa
ct
or

fo
r
ED

in
di
ff
er
en
t
su
bp

op
ul
at
io
ns
.C

ro
ss
-s
ec
tio

na
la

na
ly
si
s
of

25
4
Fi
nn

is
h
m
en

w
ith

ca
rd
io
va
sc
ul
ar

ris
k
fa
ct
or
s

A
ge

gr
ea
te
r

th
an

m
ed
ia
n

(4
5e

57
y)

A
ge

gr
ea
te
r

th
an

m
ed
ia
n

(5
8
e
70

y)

N
on

-
im

pa
ire

d
gl
uc
os
e

to
le
ra
nc
e

(n
¼

8
0
)

Im
pa
ire

d
gl
uc
os
e

to
le
ra
nc
e

(n
¼

17
4)

Te
st

os
te
ro
ne

le
ss
er

th
an

m
ed
ia
n

(6
.1e

14
.6
)

Te
st

os
te
ro
ne

gr
ea
te
r
th
an

m
ed
ia
n

(1
4
.7
e
32

.9
)

eG
FR

lo
w
er

th
an

m
ed
ia
n

(5
0
e
9
0
)

eG
FR

gr
ea
te
r

th
an

m
ed
ia
n

(9
1e

11
5)

B
M
I
lo
w
er

th
an

m
ed
ia
n

(2
0
.1e

28
.0
)

B
M
I

gr
ea
te
r

th
an

m
ed
ia
n

(2
8
.1e

53
.9
)

B
D
I
le
ss
er

th
an

or
eq
ua
lt
o

m
ed
ia
n

(0
e
3)

B
D
I

ab
ov
e

m
ed
ia
n

(4
-6
)

N
o

M
et
S
as

pe
r
to

ID
F

cr
ite

ria

M
et
S

di
ag
no

se
d

as
pe
r

ID
F

cr
ite

ria

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

U
ra
te (c
on

tin
uo

us
va
ria

bl
e)

1.0
1

(1
.0
0
e
1.0

1)
1.0

0
(0
.9
9
e
1.0

0
)

1.0
0

(0
.9
9
e
1.0

1)
0
.0
0

(0
.0
0
e
0
.0
0
)
1.0

0
(0
.9
9
e
1.0

1)
1.0

0
(1
.0
0
e
1.0

1)
1.0

0
(0
.9
9
e
1.0

1)
1.0

0
(1
.0
0
e
1.0

1)
1.0

0
(0
.9
9
e
1.0

1)
1.0

0
(0
.9
9
-1
.0
1)

1.0
1

(1
.0
0
e
1.0

1)
1.0

0
(0
.9
9
e
1.0

1)
1.0

0
(0
.9
9
e
1.0

1)
1.0

0
(1
.0
0
e
1.0

1)

U
ra
te (s
tr
at
ifi
ed

by
m
ed
ia
n)

1.4
9

(0
.6
7e

3.
31
)
0
.6
7

(0
.2
5e

1.8
0
)

0
.7
3

(0
.2
5e

2.
13
)

1.0
0

(1
.0
0
e
1.0

1)
0
.7
6

(0
.3
0
e
1.9

8
)

1.5
8

(0
.6
8
e
3.
70

)
1.1
0

(0
.4
4
e
2.
74

)
1.4

8
(0
.6
2e

3.
51
)

1.1
1

(0
.4
5e

2.
75

)
0
.9
5

(0
.4
1e

2.
22

)
0
.3
3

(0
.13

e
0
.8
0
)
1.6

8
(0
.5
8
e
4
.8
5)

0
.5
6

(0
.17

e
1.8

4)
1.6

6
(0
.6
9
e
4
.0
3)

P
*

.11
.16

.3
.3

.8
.5

.0
97

A
ny

le
ve
lo

f
er
ec
til
e
dy
sf
un

ct
io
n,

O
R
(9
5%

C
I),

m
ul
tiv

ar
ia
bl
e
ad
ju
st
ed
.

B
M
I
¼

bo
dy

m
as
s
in
de
x;

eG
FR

¼
es
tim

at
ed

gl
om

er
ul
ar

fi
ltr
at
io
n
ra
te
;M

et
S
¼

m
et
ab
ol
ic
sy
nd

ro
m
e;

U
A
¼

ur
ic
ac
id
.

*P
va
lu
e
fo
r
in
te
ra
ct
io
n
te
rm

be
tw

ee
n
S
U
A
an
d
th
e
va
ria

bl
e
of

in
te
re
st
.

Sex Med 2021;9:100319

Hyperuricemia Does Not Predict ED 5
for testosterone. Inverse association between testosterone and ED
was only found in men aged 59 years or older (P for
interaction ¼ 0.032). BMI did not modify any ED risk factor.

An association between elevated triglycerides and increased
risk of ED was found in a subpopulation with impaired glucose
tolerance suggesting metabolic disturbance. Notably, none of the
performed subgroup analysis modified the findings for SUA. No
association to risk of ED was found in any subgroup.
Sensitivity Analysis
Sensitivity analysis was performed by adjusting the analysis for

total propensity score for ED. In this analysis, no clear risk as-
sociation was observed between SUA and ED; OR 1.13 (95% CI
0.66e1.94). This supported the results of the multivariable
analysis. Considering all the aforementioned risk factors, SUA
level is not an independent risk factor of ED.
DISCUSSION

Our study does not support hyperuricemia as an ED risk
factor. Hyperuricemia and MetS are closely connected, and MetS
in itself is also associated with ED and CVD.7 Hyperuricemia
can be managed through pharmaceutical and dietary in-
terventions, thus if proven to be an ED risk factor would provide
a new avenue to decrease risk for the condition. However, such
an association was not found when confounding factors such as
GFR were considered.

ED is a neurovascular disorder regulated by hormones.
Neurologic conditions often associated with ED include multiple
sclerosis, Parkinson's disease, Alzheimer's disease, and spinal cord
injuries of different origins.27,28 Vascular changes, often preceded
by and presenting as endothelial dysfunction, are the most sig-
nificant factor in developing ED.8 Hormonal disorders resulting
in hypogonadism and subsequent ED are often associated with
MetS.

ED has often been discovered to be the first symptom of
CVD. These 2 conditions share a similar pathogenesis, and ED is
typically present before other clinical cardiovascular events.29,30

Considering the public health impact of CVD, it is sensible to
look closer into populations with ED: Novel physical or
biochemical markers associated with ED could be useful for
assessing the risk not only for CVD but potentially also for stroke
and all-cause mortality.

The established signs of MetS include central obesity, hy-
pertension, hyperlipidemia (specifically elevated serum tri-
glycerides), and impaired glucose tolerance. These all have also
been associated with ED.2,31,32 Typically in MetS, the renin-
angiotensin system is also activated leading to activation of
xanthine oxidase pathway which is central for purine meta-
bolism.10 Excessive production of uric acid and ensuing highly
reactive free radicals lead to increased oxidative stress and sys-
temic inflammation.



Figure 1. Formation of study population. Cross-sectional analysis
of 254 Finnish men with cardiovascular risk factors.

6 Tuokko et al
An association between hyperuricemia and ED would be
clinically significant as it would have major implications for
better understanding the prevention and consequences of the
obesity epidemic.

Large amounts of xanthine oxidase, among other oxidases and
oxygenases, are found also in vascular endothelium. Their acti-
vation through angiotensin II impairs the nitric oxide signaling
and thereby inhibits vasodilatation.12 The same phenomenon is
seen in arteriosclerosis and cardiac insufficiency and is also largely
responsible for the lack of peripheral vasodilatation after smok-
ing.33,34 This effect can be partially reversed by allopurinol,
which decreases the SUA concentration.35 Dysfunctional vaso-
dilatation in small vessels can manifest as ED and provides a
possible link between ED and SUA.

Research in the field of purine metabolism is scarce compared
with that of glucose and lipid metabolism. The use of medical
interventions regarding purine metabolism is less frequent as
well. Regardless, evidence on an association between purine
metabolism and different manifestations of both MetS and CVD
exists. However, the exact underlying mechanisms and causality
are still not completely understood and conflicting studies have
been published. ED is an early clinical manifestation of both
CVD and MetS. It is therefore tempting to seek targets for
pharmacologic intervention that could modify the pathogenesis
of these conditions. Purine metabolism that is SUA levels is one
such potential target that has been also previously addressed in
the literature.

In contrast to our study, Salem et al36 reported an association
between SUA and ED. They also proposed SUA as an inde-
pendent risk factor for ED. MetS (and thus disturbances of
purine metabolism) and CVD share several risk factors: these
include aging, obesity, smoking, impaired glucose tolerance, and
hypertension. However, when assessing SUA level as a risk factor,
it is necessary to take kidney function into consideration because
the elimination of SUA depends on it. In the study by Salem
et al,36 GFR was not accounted for and the mean SUA levels of
the study population differed significantly from normal values, as
Reis et al18 have pointed out. These remarks may well explain the
fundamentally different results from ours.

ED has been established as a possible first sign of CVD.
Therefore, the possibility of recognizing the risk of ED earlier
based on SUA would greatly benefit the prevention of CVD. The
association of SUA and ED has been analyzed in related sub-
groups. Solak et al37 studied the association of SUA and ED in a
population of 312 patients with CVD. It is worth noting that the
ED and non-ED populations were quite different regarding age,
GFR, and prevalence of diabetes. After adjusting the analysis for
relevant risk factors, including those mentioned, no association
could be found.

Aribas et al studied the association of SUA and ED in hy-
pertensive patients.38 After adjusting the analysis strictly, they
established SUA as an independent risk factor of ED. In addition
to the known risk factors they also adjusted their model for a
wide array of medications and an association of SUA and ED was
found despite a small study population. This result is biologically
plausible considering that hyperuricemia contributes to endo-
thelial dysfunction, which plays a role in the pathogenesis of
hypertension.39,40 In these patients, there is an ongoing process
affecting the cardiovascular system and seemingly erection as
well. The study population differed from ours, as normal blood
pressure was not an exclusion criterion in our study. This
probably leads to differing results.

MetS is associated with a wide disruption of the endocrine
system, which is partly involved in modulating all risk factors of
ED and CVD and possibly directly ED as well. Gao et al41

analyzed a large group of Chinese men (n ¼ 1,365) and
included several sex-related hormonal markers (testosterone,
follicle stimulating hormone, luteinizing hormone, SHBG, free
androgen index, HbA1c, fasting glucose) in their study. Adjusted
for all other markers, they found an independent association
between SUA and ED. Consequently, based on this large study,
we can safely assume that including a comprehensive array of
endocrine markers does not modify the association. Unfortu-
nately, some of the risk factors such as smoking and GFR were
left out, so further conclusions are not possible. Although we
were not able to adjust the analysis for all endocrine risk factors
studied by Fengbin et al, we were able to adjust for serum
testosterone, impaired glucose tolerance and further for BMI,
smoking, and GFR. After such adjustment, we did not find
significant association between SUA and ED, arguing against
SUA being an independent risk factor for ED.

It has to be noted that none of the studies included depression
in their statistical analysis. Solak et al excluded patients with
depression, which alleviates this problem. Based on our results,
depression is the most significant predictor of ED, and therefore,
Sex Med 2021;9:100319



Hyperuricemia Does Not Predict ED 7
taking depressive symptoms into account is imperative in future
studies on risk of ED.

Our study was population based, and the sample can be
considered representative of the background population. The
study population consists entirely of Caucasian men, so gener-
alizability regarding men of other ethnicities is uncertain. We
were able to include a broad array of cardiovascular risk factors
and comorbidities to our analysis. Sexually inactive men were
excluded from the study population, which could skew the re-
sults as inactivity may be caused by ED. Our information on ED
was collected with a validated instrument, the IIEF-5
questionnaire.23

Unfortunately, only a minority of the population could be
included to guarantee satisfactory data on both SUA and ED,
reducing statistical power to detect a difference in our analysis.
The excluded population had similar characteristics to the
included population, thus exclusions were not likely to cause
systematic bias owing to any measured factor. The subgroup
analyses can be considered explanatory in nature owing to the
small population.

The difference of SUA between men with and without ED
was small in our study population compared with some of the
earlier studies on the subject. Some of these studies found a clear
and statistically significant difference for SUA between the
groups with and without ED.36e38 In our highly comparable
groups and in the report by Gao et al,41 such a clear difference
could not be found.

Nevertheless, our quantitatively limited study population de-
grades the sensitivity of analysis, and therefore, a larger study
could have yielded additional statistically significant findings: a
post hoc power calculation indicated that a study as large as
3,000 subjects would have been needed to yield a statistically
significant difference in SUA values, which undermines the
clinical utility of using SUA as a biomarker for risk of ED.
CONCLUSION

Based on this quantitatively limited but well-characterized
population, we can conclude that SUA is not independently
associated with onset of ED. Taking eGFR into consideration
does not modify the result.
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