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Characteristics of Gut Microbiota in Patients with
Erectile Dysfunction: A Chinese Pilot Study
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Purpose: Little is known about the role of gut microbiota in the pathogenesis of erectile dysfunction (ED). We performed a
study to compare taxonomic profiles of gut microbiota of ED and healthy males.

Materials and Methods: A total of 43 ED patients and 16 healthy controls were enrolled in the study. The 5-item version of
the International Index of Erectile Function (IIEF-5) with a cutoff value of 21 was used to evaluate erectile function. All par-
ticipants underwent nocturnal penile tumescence and rigidity test. Samples of stool were sequenced to determine the gut
microbiota.

Results: We identified a distinct beta diversity of gut microbiome in ED patients by unweighted UniFrac analysis (R’=0.026,
p=0.036). Linear discriminant analysis effect size (LEfse) analysis showed Actinomyces was significantly enriched, whereas
Coprococcus_1, Lachnospiraceae_FCS020_group, Lactococcus, Ruminiclostridium_5, and Ruminococcaceae_UCG_002
were depleted in ED patients. Actinomyces showed a significant negative correlation with the duration of qualified erection,
average maximum rigidity of tip, average maximum rigidity of base, tip tumescence activated unit (TAU), and base TAU. Co-
prococcus_1, Lachnospiraceae_FCS020_group, Ruminiclostridium_5, and Ruminococcaceae_UCG_002 were significantly
correlated with the IIEF-5 score. Ruminiclostridium_5 and Ruminococcaceae_UCG_002 were positively related with average
maximum rigidity of tip, average maximum rigidity of base, ATumescence of tip, and Tip TAU. Further, a random forest classi-
fier based on the relative abundance of taxa showed good diagnostic efficacy with an area under curve of 0.72.

Conclusions: This pilot study identified evident alterations in the gut microbiome composition of ED patients and found Acti-
nomyces was negatively correlated with erectile function, which may be a key pathogenic bacteria.
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INTRODUCTION maintain sufficient penile erection to complete satisfac-
tory sexual intercourse [1]. ED prevalence ranged from

As a common sexual disorder in males, erectile dys- 37.2% to 48.6% 1n a survey of eight countries [2]. ED not
function (ED) is defined as the inability to achieve and only represents a troublesome issue in terms of qual-
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ity of life but also increases the risk of cardiovascular
disease (CVD) events and deaths [3,4]. Therefore, ED
should be regarded as an early manifestation of CVD,
which has drawn increasing attention from urologists.

Since the rapid development of sequencing technolo-
gles in recent years, the pivotal role of gut microbiota
in human health has been increasingly recognized.
Growing evidence has demonstrated a close connection
between gut microbiota and multiple disorders, such as
obesity [5], diabetes [6], atherosclerosis [7], anxiety, and
depression [8]. Accordingly, we hypothesized that ED,
as one of the complications of the above disorders, may
be regulated by gut microbiota to some extent.

A recent review proposed a “funnel” model includ-
ing five levels from correlation studies to molecular
mechanistic studies for evaluating evidence connecting
the microbiome to human diseases [9]. The first level of
associative studies refers to finding the prevalent mi-
crobes in diseased versus healthy individuals. However,
rare studies investigated the microbial composition of
ED patients to date. A community-based study recently
examined the relationship between gut microbiota and
ED [10]. In detail, they found that the abundance of
Alistipes and Clostoridium XVIII was significantly cor-
related with poor erectile function. Given the above, we
performed the study to further explore the characteris-
tics of gut microbiota in ED patients, and identify key
aberrant taxa correlated with male erectile function.

MATERIALS AND METHODS
1. Patient recruitment

1) Patient recruitment

The 5-item version of the International Index of
Erectile Function (ITEF-5) with a cutoff value of 21 was
used to diagnose ED [11]. Each patient had to meet the
following inclusion criteria: (1) have a regular sexual
partner for more than three months; (2) IIEF-5 score
<21; (3) between 18-60 years of age; (4) no history of
radical prostatectomy, pelvic trauma, or surgery; (5)
no severe mental illness. Healthy controls had to meet
the following inclusion criteria: (1) have a regular
sexual partner for more than three months; (2) IIEF-5
score >21; (3) between 18—60 years of age; (4) have good
health with no significant medical diseases. Partici-
pants with oral antibiotic use in the prior 2weeks or
personal history of inflammatory bowel disease (IBD),
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irritable bowel syndrome, autoimmune diseases, liver
diseases, diarrhea, and malignant tumors were exclud-
ed from the study.

Clinical information gathered included age, body
mass index (BMI), lipids, serum uric acid (UA) and tes-
tosterone, alcohol and smoking use, and comorbidities
(hypertension and diabetes mellitus). Alcohol drink-
ing was defined as drinking alcohol more than once a
week.

2) Ethics statement

The present study protocol was reviewed and ap-
proved by the Ethics Committee of the Tianjin Medi-
cal University General Hospital (IRB2021-KY-060).
Informed consent was submitted by all subjects when
they were enrolled.

2. Nocturnal penile tumescence and rigidity

(NPTR) test

All subjects underwent NPTR tests for at least one
night with more than 6 hours of sleep. The RigiScan®
Plus rigidity assessment system (GOTOP Medical, Inc.)
was applied to monitor and record the penis rigidity
and tumescence of each subject during the night. The
NPTR parameters include qualified erection times, du-
ration of qualified erection, average maximum rigidity,
duration of tip rigidity >60%, the increase of tumes-
cence (ATumescence), rigidity activated unit (RAU),
and tumescence activated unit (TAU) were collected
and analyzed. If the tumescence of penis increased by
20% compared with the baseline and lasted for more
than 3 minutes, then return to the baseline for at
least 5 minutes, this active period of penile erection is
considered one qualified erection. RAU and TAU are
measured values of time intensity introduced in 1994
to explain the time dependency of erectile rigidity and
tumescence. An RAU is calculated by multiplying the
elapsed time during an erectile event by the rigidity of
that event, whereas TAU is calculated by multiplying
the elapsed event time by the percent increase in tu-
mescence over baseline [12].

3. Specimen collection, DNA extraction, and
PCR amplification
All fecal samples were collected using sterile col-
lectors and immediately stored frozen to -80 °C. We
extracted total genome DNA from samples using cetyl-
trimethylammonium bromide/sodium dodecyl sulfate
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and monitored DNA concentration and purity on 1%
agarose gels. According to the concentration, DNA was
diluted to 1 ng/uLi using sterile water. 16S rRNA genes
were amplified using the specific primer with the
barcode (V4-V5: 515F-907R). All PCR reactions used 15
pL of Phusion” High-Fidelity PCR Master Mix (New
England Biolabs), 0.2 uM each of the forward and re-
verse primers, 10 ng of template DNA, and a reaction
concentration of 30 pL. Initial denaturation at 98 °C
for 1 minute was followed by 30 cycles of denaturation
at 98 °C for 10 seconds, annealing at 50 °C for 30 sec-
onds, and elongation at 72 °C for 60 seconds. The same
volume of 1X loading buffer (containing SYB green)
should be mixed with PCR products and electropho-
resed. For further experiments, samples with a bright
main strip between 400-450 bp were chosen. PCR
products were mixed in equal density. The mixture of
PCR products was then purified using GeneJET Gel
Extraction Kit (Thermo Scientific).

4. Library preparation and sequencing

We generated sequencing libraries using NEB
Next“UltraTMDNA Library Prep Kit for Illumina
(NEB) following manufacturers' instructions. Qubit@
2.0 Fluorometer (Thermo Scientific) and Agilent Bioan-
alyzer 2100 systems were used to assess library quality.
Finally, 250 bp/300 bp paired-end reads were generated
from the library using an Illumina MiSeq platform.

5. Bioinformatics analysis

The sequence analysis was conducted using the
UPARSE software package. Sequences with >97% simi-
larity were assigned to the same operational taxonomic
unit (OTU). The RDP classifier is used to annotate tax-
onomic information for each representative sequence
for each OTU. We rarify the OTU table and calculate
four metrics to compute alpha diversity: an estimate of
species abundance is derived from the Chaol index and
the observed OTUs; an estimate of species diversity is
derived from Shannon indexes and Simpson indices.
Principal Coordinate Analysis was performed based
on unweighted UniFrac distance calculated by the QI-
IME software. Adonis test was performed to compare
distance dissimilarities. To find biomarkers between
groups, linear discriminant effect size (LEfSe) analysis
was performed with a threshold of 2 for linear dis-
criminant analysis (https://huttenhower.sph.harvard.
edu/lefse/).
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6. Random forest classifier

Based on the relative abundance of taxa at the genus
level, a random forest model was used to discriminate
samples of healthy participants and ED patients. The
cross-validation error curve was obtained by using
five trials of the ten-fold cross-validation. The smallest
number of OTUs with the minimum cross-validation
error was chosen as the optimal set. The construction
of random forest model was performed by the random-
Forest package. With the pROC package, the receiver
operating characteristic curves (ROC) were plotted and
the area under curve (AUC) was calculated.

7. Statistical analysis

Continuous variables with normal distribution were
presented as mean+tstandard deviation; non-normal
variables were reported as median (interquartile
range). Categorical data were reported as number (per-
centage). Means of 2 continuous normally distributed
variables were compared by independent samples Stu-
dent’s t-test. Mann—Whitney U test was used to com-
pare the means of 2 groups of variables not normally
distributed. Correlation between genera abundances
and clinical data was performed with Spearman cor-
relation. All tests were two-sided, and p<0.05 was con-
sidered significant. Versions 8 and 3.6.1 of GraphPad
Prism and R software were used to conduct statistical
analyses.

RESULTS

1. Clinical characteristics of the participants
In total, we recruited 43 men with ED and 16 healthy
controls in the study (Fig. 1). The clinical characteristics
of the participants are shown in Table 1. In general, no
significant difference was observed in almost clinical
parameters, including age (31 [5.5] vs. 28 [8], p=0.336).
BMI (24.69 [3.41] vs. 24.01 [4.23], p=0.953), smoking (19 vs.
4, p=0.263), drinking (26 vs. 7, p=0.377), hypertension (3
vs. 0, p=0.556), and diabetes mellitus (2 vs. 0, p>0.999).
In terms of laboratory tests, the two groups showed in-
significant differences in total cholesterol (5.04+0.77 vs.
4.36+0.85, p=0.051), triglyceride (1.63+0.78 vs. 1.48+0.83,
p=0.394), low-density lipoprotein cholesterol (1.20+0.24
vs. 1.26+0.23, p=0.428), high-density lipoprotein choles-
terol (3.06+0.62 vs. 2.69+0.78, p=0.252), UA (410.83+£86.05
vs. 435.75+95.12, p=0.344), and testosterone (548.21+191.38
vs. 573.66+250.32, p=0.680). Therefore, baseline clini-
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cal characteristics were comparable between the two
groups.

The IIEF-5 score and NPTR test results of the two
groups were summarized in Table 2. The IIEF-5 score
was significantly lower for the ED group than for the

Age, BMI, and
disease history

TC, TG, HDL-C,
LDL-C, UA,
testosterone

NPTR test and [IEF-5
qustionnaire investigation

v 2
K 4
-
ED group Healthy control
n=43 n=16

R
16S rRNA
sequencing

Fig. 1. Schematic representation of the study design. BMI: body
mass index, TC: total cholesterol, TG: triglyceride, LDL-C: low-density
lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol,
UA: uric acid, NPTR: nocturnal penile tumescence and rigidity, IIEF-5:
the 5-item version of the international index of erectile function, ED:
erectile dysfunction.

Table 1. The demographics and serum characteristics of patients with
ED and healthy controls

Cohort characteristic ED group Control group p-value
Age (y) 31(5.5) 28(8) 0.336
BMI (kg/mz) 24.69 (3.41) 24.01 (4.23) 0.953
Smoking (%) 19 (44.19) 4(25.00) 0.263
Drinking (%) 26 (60.47) 7 (43.75) 0.377
Hypertension (%) 3(6.98) 0(0) 0.556
Diabetes mellitus (%) 2 (4.65) 0(0) >0.999
TC (mmol/L) 5.04+0.77 4.36+0.85 0.051

TG (mmol/L) 1.63+0.78 1.48+0.83 0.394
LDL-C (mmol/L) 1.20+0.24 1.26+0.23 0.428
HDL-C (mmol/L) 3.06+0.62 2.69+0.78 0.252
UA (umol/L) 410.83+86.05 435.75+£95.12 0.344

Testosterone (ng/dL) 548.21£191.38  573.66+250.32  0.680
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control group (p<0.001). In terms of NPTR test results,
parameters except for qualified erection times and
Atumescence of tip between ED and controls were sta-
tistically significant (p<0.05). In summary, patients in
the ED group showed a decrease in erectile function.

2. Altered diversity of gut microbiome in

patients with ED

Known as within-community diversity, alpha diver-
sity examines the number of species in a local uniform
habitat to reflect microbial diversity and abundance.
No difference was observed for alpha diversity between
the ED and control groups, which includes species rich-
ness (Chaol and Observed OTUs) and diversity (Shan-
non and Simpson indices) of the gut microbial commu-
nity (Fig. 2A). Overall, there was a decreasing trend for
alpha diversity indices of ED patients. Beta diversity
measures the diversity among groups. As shown in Fig.
2B, unweighted UniFrac distances showed a significant
difference (R*=0.026, p=0.036), which suggested a no-
table change in the gut flora between the two groups.

Table 2. The lIEF-5 score and parameters of NPTR test of patients with
ED and healthy controls

Parameter ED group  Control group p-value

IIEF-5 score 11(7) 24 (3) <0.001
5.05+2.48 5.50+2.42 0.532
78.76+46.06 134.42+58.43 <0.001

Qualified erection times
Duration of qualified
erection (min)

Average maximum rigidity  89.3 (13.65) 100 (4.05) 0.001

of tip (%)

Average maximum rigidity  78.6 (19.7) 90.2(12.52)  0.020
of base (%)

Duration of tip rigidity 28(47.75)  60.5(64.63) 0.017
>60% (min)

Duration of base rigidity 13(25.75)  30.5(78) 0.014
>60% (min)

ATumescence of tip (cm) 2.09+0.80 2.10+0.79 0.958

ATumescence of base (cm)  2.20 (0.75) 2.7 (0.75) 0.025

Tip RAU 44.06+£27.59 71.81£39.79  0.004
Base RAU 38.24+23.39 67.38+£35.63  0.001
Tip TAU 31.24+20.88 50.06+27.09  0.006
Base TAU 31.00(23.50) 48.50(27.25) <0.001

Continuous variables with normal distribution were presented as
meantstandard deviation; non-normal variables were reported
as median (interquartile range). Categorical data were reported as
number (percentage).

ED: erectile dysfunction, BMI: body mass index, TC: total cholesterol,
TG: triglyceride, LDL-C: low-density lipoprotein cholesterol, HDL-C:
high-density lipoprotein cholesterol, UA: uric acid.
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Continuous variables with normal distribution were presented as
meanztstandard deviation; non-normal variables were reported as
median (interquartile range).

IIEF-5: the 5-item version of the International Index of Erectile Func-
tion, NPTR: nocturnal penile tumescence and rigidity, ED: erectile
dysfunction, RAU: rigidity activated unit, TAU: tumescence activated
unit.
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3. Taxonomic changes of gut microbiota at
phylum and genus level in patients with ED
We next compared the community composition of
gut microbiota at the phylum and genus levels. As ex-

Jiagi Kang, et al: Gut Microbiota in Erectile Dysfunction I

pected, it was conserved at the phylum level, which is

populated most predominantly by Firmicutes, followed

by Proteobacteria, Actinobacteria, and Bacteroidetes

(Fig. 3A, 3B). Genera
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Fig. 2. Comparison of microbial diversity
between ED and control groups. (A)
Alpha diversity, including the observed
Chao1 index, observed OTUs, Shannon
index, and Simpson index; and (B) a
principal component analysis diagram
based on an unweighted UniFrac dis-
tance matrix. ED: erectile dysfunction,
OTU: operational taxonomic units, PCO:
principal coordinate analysis, ns: not
significant (p>0.05). *Statistically signifi-
cant (p<0.05).

Genera by abundance

Blautia

Subdoligranulum
Bifidobacterium
Faecalibacterium
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Fig. 3. Comparisons of the gut microbial community compositions between ED and control groups. The sector graph of the compositions at the
phylum level in the control group (A) and ED group (B), and the percent stacked column chart of the composition at the genus level in two groups

(C). ED: erectile dysfunction.
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abundance were grouped in the category “Others”. The
top five most abundant genera found in ED patients
were Blautia (11.47%), Subdoligranulum (10.48%), Bi-
fidobacterium (8.20%), Faecalibacterium (7.14%), and
Escherichia-Shigella (7.29%) (Fig. 3C). Based on the
beta diversity analysis, the compositions of the gut
microbial communities were different between the
groups.

4. Identification of key gut microbes between

the ED and control groups
LEfSe analysis was performed to identify which

bacterial taxa were different between the ED and
control groups. Totally, we identified 34 gut microbes
showing significant differences, 9 of which had a high
abundance in the ED group and 25 of which had a
high abundance in the control group (Fig. 4A). Addi-
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tionally, the abundance comparisons of predominant
genera showed that Actinomyces was significantly
enriched, whereas Coprococcus_1, Lachnospiraceae_
FCS020_group, Lactococcus, Ruminiclostridium_5, and
Ruminococcaceae_UCG_002 were depleted in patients
with ED (Fig. 4B—4G). The above results demonstrated
impressive changes in the gut flora composition of the
ED group, revealing the importance of intestinal mi-
crobiota in disease development.

5. Correlation analysis between the
differential taxa and clinical indices of

patients with ED
A Spearman correlation analysis calculated for all

patients was conducted to better investigate the re-
lationship between differential genera and clinical
characteristics. These key genera showed significant
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Fig. 4. Linear discriminant analysis effect size (LEfse) analysis of the gut microbiota. (A) Abundances of the gut microbiota in both groups; (B-G)
Boxplots of the relative abundance of one significantly increased and five decreased gut microbiota; and (H) Correlation analysis between clinical
indicators and differential genera. ED: erectile dysfunction, IlEF-5: 5-item version of the International Index of Erectile Function. Statistically sig-
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Fig. 5. The gut microbiota classifier for ED. (A) The 10-fold cross-validation on a random forest model with 50 genera as optimal features. (B) The
ROC curve reveals the potential diagnostic efficacy of the model with a relatively high AUC. ED: erectile dysfunction, ROC: receiver operating

curve, AUC: area under curve.

correlations with the IIEF-5 score and almost NPTR
parameters. In this regard, Actinomyces showed a
significant negative correlation with the duration of
qualified erection, average maximum rigidity of tip,
average maximum rigidity of base, Tip TAU, and base
TAU (Fig. 4H). Of note, Coprococcus_1, Lachnospira-
ceae_FCS020_group, Ruminiclostridium_5, and Rumi-
nococcaceae_UCG_002 were all significantly correlated
with the ITEF-5 score. Additionally, a significant posi-
tive correlation existed between Ruminiclostridium_5,
Ruminococcaceae_UCG_002 and some NPTR param-
eters including average maximum rigidity of tip, aver-
age maximum rigidity of base, ATumescence of tip, and
Tip TAU. Whereas no significant correlations were
detected between Lactococcus and clinical parameters.

6. Gut microbes discriminate ED patients

from healthy participants

To explore the potential role of intestinal microbes
as the biomarker of ED, a random forest classifier was
developed to discriminate ED patients from healthy
participants with outstanding sensitivity and speci-
ficity. Firstly, 50 genera were selected as the optimal
features by 10-fold cross-validation on a random forest
model (Fig. 5A). A relatively high AUC value of 0.72
suggested the potential diagnostic efficacy of the model
(Fig. 5B), which indicated the potential of the intestinal
microbes as a biomarker for ED.

DISCUSSION

In the present study, we identified evident altera-
tions in the gut microbiome composition of ED patients.
Specifically, Actinomyces was significantly enriched,
whereas Coprococcus_1, Lachnospiraceae_ FCS020_
group, Lactococcus, Ruminiclostridium_5, and Rumi-
nococcaceae_UCG_002 were depleted in ED patients.
Spearman analysis showed a significant negative cor-
relation of Actinomyces with the results of the NPTR
test, which suggests the higher Actinomyces, the worse
erectile function. Coprococcus_1, Lachnospiraceae_
FCS020_group, Ruminiclostridium_5, and Ruminococ-
caceae_UCG_002 were all positively correlated with
the ITEF-5 and NPTR results. Further, a random for-
est classifier based on the relative abundance of taxa
showed good diagnostic efficacy with an AUC of 0.72.
The gut microbes showed the potential role of discrimi-
nating patients with ED from healthy controls, which
may function as a promising biomarker of ED.

As previously described, few studies that investigated
the microbial composition of ED patients are currently
available. Okamoto et al [10] firstly compared the gut
microbiota composition of high IIEF-5 score patients
(IIEF-5 >16) and low IIEF-5 score patients (IIEF-5 <16).
They found the abundance of Alistipes decreased and
the abundance of Clostridium XVIII increased in the
low ITEF-5 score group. Multivariate analysis showed
Clostridium XVIII was an independent risk factor of
ED. Compared with this prior study, more differen-
tially abundant microbiota was found in our study, but
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there was no difference in Alistipes and Clostridium
XVIII between patients and healthy people. This may
be related to the difference in geographic location and
clinical characteristics of the two populations, and the
nature of inter-individual differences in gut microbiota.
Actinomyces, as an opportunistic pathogen, mainly
exist in the upper digestive tract [13]. Forbes et al [14]
analyzed the gut microbiome composition of a vari-
ety of inflammatory diseases, including IBD, multiple
sclerosis, and rheumatoid arthritis. They found that
the abundance of Actinomyces was higher in disease
cohorts than in healthy controls, which suggested that
it might be a crucial genus in inflammation-related
diseases. Inflammation may be the pathological mecha-
nism underlying endothelial dysfunction in ED [15].
Evidence has shown that increased circulating levels of
inflammatory cytokines and endothelial-prothrombotic
compounds are related to ED development [16]. Wheth-
er Actinomyces is involved in this pathophysiological
process and impairs erectile function is worth exploring.
Coprococcus, classically considered a common com-
mensal bacterium, can utilize dietary fiber ingested by
the human body [17]. Coprococcus abundance has been
associated with a low prevalence of metabolic diseases
such as type 2 diabetes, hyperlipidemia, and obesity
in previous studies [18-20]. Wei et al [21] reported a de-
creased abundance of Coprococcus in hyperuricemia.
These metabolic diseases, as risk factors for ED, may
promote the development of ED by regulating intesti-
nal flora. The biological function of Lachnospiraceae_
FCS020_group is currently unclear and it has recently
been reported to correlate with cognitive function in
middle-aged adults [22]. Lactococcus is well-known as
a gut commensal bacteria with probiotic characteris-
tics that play important roles in human health [23]. A
lower abundance of intestinal Ruminiclostridium_5
has been found in renal calculi patients [24], whereas
specific dietary prebiotics can ameliorate intestinal
ecological homeostasis by elevating the abundance of
Ruminiclostridium_5 [25). Ruminococcaceae 1s thought
to be associated with disease, which is decreased in pa-
tients with IBD [26]. However, the role of Ruminococ-
caceae_UCG_002 is still not clear yet. In a word, the
differential microorganisms found in this study are
frequently reported in human health and diseases, but
their biological function remains to be studied.
Limitations of the study need to be addressed. First-
ly, the study is limited by the lack of information on
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the causes of ED. The intestinal flora of ED caused by
different etiologies may be different to some extent.
Based on this, factors affecting intestinal flora, such as
IBD and antibiotic use, were excluded as far as possible
during enrollment, and the effects of age, smoking and
alcohol history, hypertension, hyperglycemia, and hy-
perlipidemia were also corrected in our study. Secondly,
the number of cases included in this study was insuffi-
cient. Future inclusion of additional patients is needed
to further substantiate the results of this study.

CONCLUSIONS

This pilot study identified evident alterations in the
gut microbiome composition of ED patients and found
Actinomyces was negatively correlated with erectile
function, which may be a key pathogenic bacteria. The
gut microbes showed the potential role of discriminat-
ing patients with ED from healthy controls, which may
function as a promising biomarker of ED.
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