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High Uric Acid Decreases the Number of Nocturnal Erections: A Propensity Score-Matched Analysis

Shangren Wang'#*, Aiqiao Zhang*#, Shuai Niu’, Yang Pan’, Xiaoqgiang Liu’

Purpose: Metabolic syndrome is considered a risk predictor for erectile dysfunction (ED). However, the effect of
serum uric acid (UA) on the development of ED is not well understood.

Materials and Methods: We used propensity score matching (PSM) to adjust for numerous confounding factors
such as age, metabolic syndrome, sex hormones, and several blood measurements. Participants in the normal UA
and high UA groups were matched at a 1:1 ratio by propensity score. We used two diagnostic methods, the Inter-
national Index of Erectile Function-5 (IIEF-5) and nocturnal penile tumescence and rigidity (NPTR), to assess and
diagnose ED.

Results: Before PSM, a total of 120 participants were included. Compared with participants with normal serum
UA (n=61), those with high serum UA (n=59) had statistically significant differences in some baseline character-
istics (BMI 27.8 £ 7.4 vs 24.4 £ 5.1 kg/m?, p = 0.004; TG 2.1 £ 1.8 vs 1.5+ 0.9 mmol/L, p = 0.015; creatinine 70.5
+9.9vs66.3+10.7 umol/L, p=0.03; T 450.9 £ 181.0 vs 598.2 + 186.3 ng/dL, p <0.001). After PSM, a total of 82
participants were included, with 41 in the high serum UA group (Group A) and 41 in the normal serum UA group
(Group B). Based on the IIEF-5, 40 of 41 participants (97.6%) with high UA were diagnosed with ED, whereas 39
of 41 participants (95.1%) with normal UA were diagnosed with ED; the incidence was not statistically significant
between the two groups (p > 0.999). Based on NPTR results, the mean number of erections in Group A was 4.1
+ 2.0, which was significantly less than in Group B (5.3 + 1.9, p = 0.004). Nine of 41 participants (22.0%) with
high UA developed ED, whereas 14 of 41 participants (34.1%) with normal UA developed ED; this difference in
incidence was not statistically significant (p = 0.326).

Conclusion: Our study revealed that high UA decreased the number of nocturnal erections as diagnosed by NPTR.

High uric acid may be a potential risk factor for ED, and larger studies are needed.
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INTRODUCTION

he Fourth International Consultation on Sexual

Medicine defined erectile dysfunction (ED) as the
persistent inability to attain or maintain a penile erection
sufficient to permit satisfactory sexual performance.""
ED is a significant public health burden, with a prev-
alence of 10%-20% in the overall male population.®*”
With prevalence rates gradually increasing, the number
of affected men is estimated to reach 322 million by
2025.“ The etiology of ED is complex, and its mech-
anism has not been clearly elucidated. It is widely ac-
cepted that the interplay between physiological factors,
psychological factors, and metabolic disorders plays a
vital role in the development of ED.*®
There is mounting evidence indicating that metabolic
syndrome components such as obesity, dyslipidemia,
hypertension, and diabetes may significantly increase
the risk of ED.®” The mechanisms by which obesity
may contribute to erectile dysfunction include hor-
monal disorders, insulin resistance, and psychological
factors.® Penile erection is maintained by a balance of
blood inflow and outflow. Hypertension and hyperlipi-

demia may cause endothelial dysfunction, leading to an
increase in vascular smooth muscle contraction, which
alters penile blood flow and is related to ED.”'" Diabe-
tes might impair erectile function by increasing levels
of oxygen-free radicals and impairing nitric oxide syn-
thesis, and insulin resistance has been linked with the
severity of ED."*" Hormones such as testosterone can
increase the expression of enzymes that play an essen-
tial role in the erectile process, so a deficiency may be
associated with ED."? The etiology of ED is multifac-
torial and complicated, and its pathogenesis, involving
several physiological systems, is still not clear.

A growing body of literature has been published con-
cerning the association between uric acid (UA) and ED
risk."”"” High serum UA is recognized as a risk marker
for inducing oxidative stress and stimulating arginase,
which eliminates endothelial NO.?** However, other
research indicates that high serum UA is not a predictor
of ED.*» The conclusions of these studies are incon-
sistent, and many confounders exist in the relationship
between UA and ED. Therefore, we performed this
study to investigate the relevance of UA and ED by us-
ing propensity score matching (PSM) to eliminate con-
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Table 1. Basic characteristics of participants before and after PSM

Variables Before PSM P After PSM P
High UA (n=59) Normal UA (n=61) Group A (n=41) Group B (n=41)
Age (years) 31.51+6.25 33.75+8.10 0.092 31.54+6.84 33.10+8.11 0.349
BMI (kg/m?) 27.82+7.40 24.40+5.11 0.004 2772 +7.28 25.05+5.92 0.072
Duration of disease (months) 30.48 +46.59 28.29 +28.07 0.554 25.66 +24.49 30.17 +44.47 0.571
Education 0.131 0.412
High school or below 27 (45.8%) 39 (63.9%) 19 (46.3%) 25 (61.0%)
Bachelor 27 (45.8%) 18 (29.5%) 19 (46.3%) 14 (34.1%)
Graduate or higher 5(8.4%) 4 (6.6%) 3(7.3%) 2 (4.9%)
Monthly income (CNY) 0.267 0.256
<6000 33 (56.0%) 33 (54.1%) 23 (56.1%) 21 (51.2%)
6000-10000 13 (22.0%) 20 (32.8%) 8(19.5%) 14 (34.1%)
210000 13 (22.0%) 8 (13.1%) 10 (24.4%) 6 (14.6%)
Morning erection 0.451 >0.999
No 19 (32.2%) 24 (39.3%) 14 (34.1%) 15 (36.6%)
Yes 40 (67.8%) 37 (60.7%) 27 (65.8%) 26 (63.4%)
Hypertension >0.999 >0.999
No 55(93.2%) 56 (91.8%) 38 (92.7%) 37 (90.2%)
Yes 4 (6.8%) 5(8.2%) 3(7.3%) 4(9.8%)
Diabetes 0.619 1.000
No 58 (98.3%) 58 (95.1%) 40 (97.6%) 40 (97.6%)
Yes 1(1.7%) 3 (4.9%) 1(2.4%) 1(2.4%)
Smoking 0.353 0.645
No 32 (54.2%) 39 (63.9%) 28 (68.3%) 25 (61.0%)
Yes 27 (45.8%) 22 (36.1%) 13 (31.7%) 16 (39.0%)
Drinking 0.583 >0.999
No 30 (50.8%) 35 (57.4%) 23 (56.1%) 24 (58.5%)
Yes 29 (49.2%) 26 (42.6%) 18 (43.9%) 17 (41.5%)
TC (mmol/L) 5.10+1.09 5.03+0.83 0.664 491+1.10 4.97+0.83 0.778
TG (mmol/L) 2.09+1.77 1.45+0.92 0.015 1.96 +1.90 1.56 + 1.05 0.240
HDL (mmol/L) 1.21+0.24 1.28+£0.30 0.119 1.21+0.23 1.29+0.33 0.211
LDL (mmol/L) 3.15+0.96 3.08+0.71 0.649 3.02+0.89 3.05+0.75 0.869
Creatinine (pmol/L) 70.46 +9.88 66.33 +10.72 0.030 70.44 +10.65 67.39 +10.60 0.198
Glu (mmol/L) 520+ 1.35 5.31+1.05 0.622 537+1.56 5.25+0.86 0.651
FSH (IU/L) 3.60 +1.94 4.27+5.46 0.375 3.61+1.67 3.38+1.81 0.540
LH (IU/L) 3.29+1.43 3.40+1.96 0.721 3.37+1.46 3.23+1.79 0.691
PRL (ng/mL) 16.51 +£10.35 15.95£8.99 0.751 17.66 £ 12.01 17.39 £ 9.50 0.911
E2 (pg/mL) 26.16 + 8.68 2636+ 11.94 0.913 27.32+8.74 2654+ 11.17 0.725
P (ng/mL) 0.21+0.10 0.22+0.10 0.752 0.21+0.10 0.22 +0.09 0.944
T (ng/dL) 450.90 + 181.00 598.20 + 186.30 <0.001 504.60 + 177.40 578.50 + 187.50 0.071

Abbreviations: CNY, China Yuan; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Glu, blood glucose; FSH, folli-
cle-stimulating hormone; LH, luteinizing hormone; PRL, prolactin; E2, estradiol; P, progesterone; T, testosterone.

founding factors.
MATERIALS AND METHODS

Study Design and Population

From October 2018 to October 2021, 191 participants
from our medical center were recruited. The exclusion
criteria were as follows: (1) any history of drug use or
disease which may affect sexual function; (2) incom-
plete baseline information (age, height, weight, educa-
tion, income, smoking, drinking, blood measurements,
and sex hormone levels); (3) incomplete International
Index of Erectile Function-5 (IIEF-5) questionnaires;
and (4) incomplete nocturnal penile tumescence and
rigidity (NPTR) records. A total of 120 participants
met the criteria for the analysis. All participants signed
informed consent forms. A serum UA concentration
greater than 414 pmol/L was defined as high, while a
concentration less than or equal to 414 pmol/L was con-
sidered normal.

Data Collection and Erectile Function
Assessment

Baseline information was extracted from our database,
including: (1) age, height, weight, education, income,
morning erection status, and duration of disease; (2)
history of hypertension, diabetes, smoking, and drink-
ing; (3) blood measurements: total cholesterol (TC),
triglycerides (TG), high-density lipoprotein (HDL),
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low-density lipoprotein (LDL), creatinine, and blood
glucose (Glu); and (4) sex hormones: follicle-stimulat-
ing hormone (FSH), luteinizing hormone (LH), prolac-
tin (PRL), estradiol (E2), progesterone (P), and testos-
terone (T).

All participants underwent a detailed physical examina-
tion to check the penis and testicles. We used the ITEF-5
questionnaire to assess and diagnose ED. A score of 22-
25 was considered normal (no ED), and a score of 21
or less indicated ED. The severity of ED was classified
based on the score: 12-21 was mild, 8-11 was moderate,
and 5-7 was severe.

NPTR monitoring was performed by trained physi-
cians using the RigiScan Plus device (GOTOP Inc.).
The principle of NPTR measurement involves placing
two string loops, one at the tip and one at the base of
the penis, to record rigidity and tumescence data dur-
ing the patient's sleep. To avoid interference from oth-
er factors, participants were instructed to abstain from
alcohol, caffeine, and sleeping medications that might
affect night sleep. In our study, the primary outcome
was the duration of tip rigidity greater than 60%. If this
duration lasted more than 10 minutes for an event, the
patient's function was defined as normal for that event.
Otherwise, it was recognized as ED.?® Data collected
included the number of effective erectile events (EEEs),
which were defined as events with tip rigidity greater
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Table 2. Prevalence and incidence of ED in participants after PSM

Variables Group A (n=41) Group B (n=41) P
IIEF-5
=22 1(2.4%) 2 (4.9%) >0.999
<22 40 (97.6%) 39 (95.1%)
Mild 22 (55.0%) 23 (59.0%) 0.821
Moderate 11 (27.5%) 9(23.1%) 0.797
Severe 7 (17.5%) 7 (17.9%) 1.000
The EEEs of NPTR
21 32 (78.0%) 27 (65.9%) 0.326
0 9 (22.0%) 14 (34.1%)

*To determine the significance of the difference between IIEF-5 scores of inde-
pendent group, The Kruskal-Wallis test was used. P values < 0.05 were regarded
as significance

than 60% lasting more than 10 minutes. We also record-
ed many other parameters, such as tumescence activity
units (TAUs), rigidity activity units (RAUSs), and total
erection time (TET).

Statistical Analysis

PSM was performed to reduce the effect of confound-
ing baseline characteristics and balance the high UA
and normal UA cohorts. A logistic regression model
was constructed with five confounding factors—patient
age, BMI, T, TG, and creatinine—as independent var-
iables. PSM was utilized to minimize the influence of
biases and confounding variables, using a caliper value
of 0.02 and a 1:1 matching ratio. Continuous variables
were reported as mean + standard deviation (SD) and
compared using the independent samples t-test. Cate-
gorical variables were expressed as frequency and per-
centage and compared using the chi-square test or Fish-
er's exact test. Statistical analysis was performed using
SPSS v.26.0.

RESULTS

Baseline Data

According to the criteria, 120 participants were includ-
ed: 59 in the high serum UA group and 61 in the normal
serum UA group. Before PSM, compared with partic-
ipants with normal serum UA, those with high serum
UA had statistically significant differences in some

baseline characteristics (BMI 27.8 + 7.4 vs 24.4 £ 5.1
kg/m?, p =0.004; TG 2.1 £ 1.8 vs 1.5 £ 0.9 mmol/L, p
= 0.015; creatinine 70.5 + 9.9 vs 66.3 = 10.7 pmol/L,
p=0.03; T450.9 + 181.0 vs 598.2 + 186.3 ng/dL, p <
0.001). Our subjects were matched at a 1:1 ratio using
propensity scores, resulting in 41 participants with high
serum UA (Group A) and 41 with normal serum UA
(Group B) (Figure 1). After PSM, these differences
were no longer significant between the two groups. The
baseline data before and after propensity score match-
ing for participants with high and normal serum UA are
presented in (Table 1).

Prevalence and Incidence of ED

We also studied the incidence rate of ED according to
the IIEF-5 questionnaire and NPTR monitoring. Based
on the ITEF-5 results, the mean total score in Group A
was 12.9 £ 4.7, which was not significantly different
from the mean total score in Group B (13.4+ 5.3, p =
0.644). Forty of 41 participants (97.6%) with high UA
developed ED, whereas 39 of 41 participants (95.1%)
with normal UA developed ED; the incidence had no
statistical significance between the two groups (p >
0.999). In Group A, 22 of 41 participants (53.7%) de-
veloped mild ED vs 23 (56.1%) in Group B (p = 0.821);
11 of 41 participants (26.8%) developed moderate ED
vs 9 (22.0%) in Group B (p = 0.797); and 7 of 41 par-
ticipants (17.1%) developed severe ED vs 7 (17.1%)
in Group B (p = 1.000). There was no significant dif-
ference in severity between the two groups. Based on
the NPTR results, 9 of 41 participants (22.0%) with
high UA developed ED, whereas 14 of 41 participants
(34.1%) with normal UA developed ED; the incidence
was not statistically significant between Group A and
Group B (p = 0.326). These results are detailed in (Ta-
ble 2) and (Figure 2).

Parameters of NPTR

The primary NPTR indicator for diagnosing organ-
ic ED is a penile tip rigidity of > 60% maintained for
210 minutes. The mean number of such events (EEEs)
in Group A was 1.3 = 1.0, and in Group B was 1.5 £
1.4; this difference was not statistically significant (p
=0.519). However, the mean total number of erections
in Group A was 4.1 + 2.0, which was significantly less

Table 3. The parameters of NPTR and result of IIEF-5

Variables Group A (n=41) Group B (n=41) P
NPTR

Number of erections 4.07+1.99 5.34+1.92 0.004
EEEs 1.29 +1.00 1.44 +1.36 0.519
Tip AER (%) 55.85+14.59 54.39+10.21 0.600
Base AER (%) 48.98 + 13.68 47.88£10.20 0.682
Tip RAU 42.34+38.82 43.88 £26.13 0.834
Base RAU 36.61 +37.32 38.61 £22.35 0.769
Tip TAU 29.10 +24.82 30.41 +20.74 0.795
Base TAU 30.63 +30.00 30.54 +18.09 0.986
Tip MT (%) 86.93 +10.89 89.66 + 10.85 0.259
Base MT (%) 82.13+11.23 82.44+12.84 0.910
TET (min) 70.46 + 57.33 77.65 +43.28 0.523
Tip D60% (min) 47.55+ 64.16 37.68 +28.06 0.370
Base D60% (min) 27.91+47.22 23.06 +24.29 0.560
Tip MT (cm) 8.71+1.16 8.85+1.03 0.561
Base MT (cm) 9.18 +0.89 9.07 +0.87 0.583
Average Tip tumescence (cm) 8.30+1.02 8.32+0.92 0.910
Average base tumescence (cm) 8.87+0.81 8.72+0.81 0.401
Number of base D60% and lasting >10 min 0.88 £ 1.08 0.80 £ 1.05 0.757
Total score of IIEF-5 12.85+4.72 13.37+5.27 0.644

Abbreviations: IIEF-5, International Index of Erectile Function-5; NPTR, nocturnal penile tumescence and rigidity; EEEs, effective erectile events; AER, average event
rigidity; RAUs, rigidity activity units; TAUSs, tumescence activity units; MT, maximal tumescence; TET, total erection time; D60%, duration of erectile episodes with

rigidity = 60%.
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Patients in our medical central from October
2018 to October 2021
(n=191)

Exclusion criteria

excluded with reasons (n=71):

A J

incomplete baseline information(n=52)
incomplete NPTR information(n=19)

Selected (n = 120)

v

High serum UA group(n=59)

v

Normal UA group (n=61)

Propensity score matching (n==82)
On baseline information

Group A
(High level UA n=41)

Group B
(Normal UA, n=41)

Figure 1. Flowchart of inclusion criteria of the PSM analysis in participants with normal UA or high UA.

than in Group B (5.3 £ 1.9, p = 0.004). There were no
statistically significant differences in other NPTR mon-
itoring parameters between the two groups. These re-
sults are shown in (Table 3 & Figure 2).

DISCUSSION

ED is characterized by inadequate penile erection and
has been identified as a primary health burden in the
aging male population.”” ED can impair intimacy be-
tween men and their partners and even damage rela-
tionships.?® Lizza et al.*” classified ED by its cause
as either organic or psychogenic. Distinguishing the
etiology of ED is significant. For example, for a man
with primary psychogenic ED, the best treatment is
psychosexual therapy to restore confidence, rather than
medication for organic ED.

ED is multidimensional, related to multiple systems of
the body, and studies have verified that it is strongly
associated with metabolic diseases.®**? Meanwhile,
expanding research has demonstrated that treating met-
abolic diseases can improve erections, and lifestyle al-
terations are regarded as the first step in improving and
treating ED.®**” Hyperuricemia can increase reactive
oxygen species and lead to endothelial dysfunction.
Numerous studies have shown that lowering UA is ben-
eficial for improving endothelial function.®****” The
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relationship between hyperuricemia and ED remains
controversial. Therefore, it is crucial to define the re-
lationship between UA and ED, as treating high UA
might be a method to cure ED.

To study the effect of a single factor on a disease, the
most rigorous design is a randomized trial, which can
minimize systematic bias.“” However, it is difficult to
conduct randomized controlled trials because they re-
quire more time, money, and energy. Conclusions can
also be drawn from observational studies. However,
the weakness of observational research is that its out-
comes can be influenced by various confounders, not
just the treatment.“? PSM can minimize the effect of
confounding factors by matching subjects in treatment
and control groups with comparable baseline charac-
teristics in observational studies.“? PSM can avoid the
shortcomings of traditional statistical methods such as
multifactorial regression® and is increasingly applied
in medical studies.*?

Several experimental and clinical investigations have
explored the relationship between UA and ED, but
there were shortcomings in those studies, and their con-
clusions were inconsistent. Salem et al.** conducted a
large study including 251 patients with ED and 252 age-
matched men without ED to explore this relationship,
and their results showed that UA concentration was a
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Figure 2. Violin plot analysis of three parameters between Group A and Group B. (A: the violin plot of the total score of IIEF-5 between two groups; B: the violin plot of
the number of EEEs between two groups; C: the violin plot of the number of erections in NPTR between two groups)

risk factor for ED in a logistic regression model. How-
ever, this research is limited because it used a logistic
regression model to adjust for metabolic syndrome fac-
tors but lacked other factors, such as certain sex hor-
mones, which might interfere with the conclusion. Gao
et al.“9 conducted a population-based cross-sectional
study on a larger sample of 1365 men, and the results
indicated that UA might be a protective factor in the de-
velopment of ED. This research adjusted for some sex
hormones, but those confounding factors were elim-
inated using logistic regression, which has limitations
in adjusting for numerous factors. Our study adopted
the statistical method of PSM to eliminate confounding
factors. We adjusted for numerous confounding factors,
such as age, education, income, metabolic syndrome,
blood measurements, and sex hormones, which previ-
ous studies have proven to be closely related to ED.

Another limitation of previous research®*” investigat-
ing the link between UA and ED is the sole reliance on
the IIEF-5 questionnaire to diagnose ED. The IIEF-5
is extensively used in the diagnosis of ED because it
is a simple diagnostic tool for patients to self-admin-
ister or for physicians to use in clinical settings.*¥ The
IIEF-5 has a certain degree of specificity and sensitiv-
ity for evaluating treatment-related effects in patients
with ED.*” In our study, the incidence of ED between
the high UA group and the normal UA group was not
statistically significant when using the IIEF-5 method.
Furthermore, there was no statistical significance in
the severity of ED between the two groups. Our results
demonstrated that high UA is not an etiological factor

for psychogenic ED. However, the IIEF-5 is primarily a
valid and reliable instrument for detecting patients with
psychogenic ED.®” The etiology of ED is complex and
multifactorial, involving not only psychogenic but also
organic lesions, and the etiology is closely related to
treatment. Therefore, a supplementary method is need-
ed to assess and diagnose organic ED.

A healthy man has 3-5 nocturnal penile tumescence ep-
isodes during sleep.®" Bradley et al.®? first introduced
NPTR as an assessment to distinguish the etiologies of
ED in 1985. NPTR can minimize the effect of psycho-
logical factors such as anxiety and stress to evaluate
the impact of organic factors on ED. It is widely rec-
ognized that normal NPTR records may suggest psy-
chogenic ED, while abnormal records indicate organic
ED.® In our study, there was a significant difference in
the total number of erections between the two groups,
but the primary diagnostic indicator, EEEs, showed no
statistical significance. Therefore, the incidence of ED
between the high UA and normal UA groups was not
statistically significant when using the NPTR method,
which might mean high UA is not an etiology of organ-
ic ED.

To the best of our knowledge, this is the first study to
adopt PSM to adjust for the most confounding factors
to date in evaluating the relationship between UA and
ED. In our study, we used two methods to diagnose and
distinguish the cause of ED. Therefore, we believe our
study adopted superior statistical and diagnostic meth-
ods to demonstrate the relevance between UA and ED.
Both diagnostic methods have shown that high UA was
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not a risk factor for ED. This result was confirmed in re-
search by Barassi et al.®¥ and Tuokko et al.*® The rea-
son for this negative result may be that UA could pro-
mote small-vessel disease, which is closely related to
other metabolic diseases such as hypertension, diabetes,
and obesity. When adjusting for these factors, the true
relationship between UA and ED might be concealed.
Therefore, more research is needed to elaborate on the
mechanism of metabolic diseases in the process of ED.
There are limited studies utilizing NPTR to assess the
relationship between uric acid levels and erectile dys-
function. Our findings indicate that elevated uric acid
levels significantly reduce the frequency of nocturnal
erections. This information could assist clinicians, par-
ticularly those specializing in andrology, in drawing
more accurate, evidence-supported conclusions. For
cases of idiopathic erectile dysfunction, we recommend
testing for uric acid level and conducting NPTR.

There are several limitations in our study. Firstly, our
sample size after matching was small. Even so, we still
believe our conclusion is reliable, as the dataset was the
result of PSM analysis. Secondly, the mean age of par-
ticipants in Group A was 31.5 + 6.8 years and in Group
B was 33.1 + 8.1 years; these results cannot be gen-
eralized to all patients suffering from ED. Therefore,
larger studies including different age groups are needed
to evaluate the association between UA and ED. Fur-
thermore, although we adjusted for major confounding
factors of ED, some unidentified factors might remain.

CONCLUSIONS

In conclusion, based on the results of our PSM analysis,
high UA decreased the number of erections during the
night, as diagnosed by NPTR. High uric acid may be a
potential risk factor for ED, and more large studies are
needed to confirm this association.

SUMMARY

This study found that men with high uric acid levels had
fewer erections during sleep. This suggests that high
uric acid could be a risk factor for erectile dysfunction,
but more research is needed to confirm this connection.
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