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Background: Although erectile dysfunction (ED) often occurs simultaneously with
depression, not all patients with ED suffer major depression (MD), with a PHQ-9 score
>15 indicating MD. Because the PHQ-9 questionnaire includes phrases such as “I
think | am a loser” and “I want to commit suicide,” the psychological burdens of ED
patients are likely to increase inevitably after using the PHQ-9, which, in turn, may affect
ED therapeutic effects. Accordingly, we endeavored to develop a nomogram to predict
individual risk of PHQ-9 score >15 in these patients.

Methods: The data of 1,142 patients with ED diagnosed in Xijing Hospital and Northwest
Women and Children’s Hospital from January 2017 to May 2020 were analyzed. While
the Least Absolute Shrinkage and Selection Operator regression was employed to
screen PHQ-9 score >15 related risk factors, multivariate logistic regression analysis was
performed to verify these factors and construct the nomogram. The training cohort and
an independent cohort that comprised 877 prospectively enrolled patients were used to
demonstrate the efficacy of the nomogram.

Results: The IIEF-5 score, PEDT score, physical pain score, frequent urination,
and feeling of endless urination were found to be independent factors of PHQ-
9 score >15 in patients with ED. The nomogram developed by these five factors
showed good calibration and discrimination in internal and external validation, with a
predictive accuracy of 0.757 and 0.722, respectively. The sensitivity and specificity of
the nomogram in the training cohort were 0.86 and 0.52, respectively. Besides, the
sensitivity and specificity of the nomogram in the validation cohort were 0.73 and 0.62,

Frontiers in Public Health | www.frontiersin.org 1

June 2022 | Volume 10 | Article 836898


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2022.836898
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2022.836898&domain=pdf&date_stamp=2022-06-17
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:jianliny@fmmu.edu.cn
mailto:eajannini@gmail.com
https://doi.org/10.3389/fpubh.2022.836898
https://www.frontiersin.org/articles/10.3389/fpubh.2022.836898/full

Zheng et al.

Screening MD in ED Patients

respectively. Moreover, based on the nomogram, the sample was divided into low-risk

and high-risk groups.

Conclusion: This study established a nomogram to predict individual risk of PHQ-9
score >15 in patients with ED. It is deemed that the nomogram may be employed initially
to avoid those with a low risk of MD completing questionnaires unnecessarily.

Keywords: erectile dysfunction, major depression, nomogram, prognostic factor, risk factor

INTRODUCTION

Erectile dysfunction (ED), which is one of the most common
andrological diseases, refers to the inability of men to obtain
and maintain sufficient erections continuously to complete
satisfactory sexual intercourse. ED mostly affects men over the
age of 40 years and has a considerable incidence throughout
the world. The EAU 2021 Andrology Disease Guide notes that
the incidence of ED, which ranges from 12 to 82.9%, increases
with age (1). An epidemiological survey in China revealed that
the comprehensive prevalence of ED is as high as 49.69%.
Furthermore, 20.86, 25.3, 40.48, 60.12, 79.1, and 93.72% of men
aged under 30 years, between 30 and 39, 40 and 49, 50 and 59, 60
and 69, and over 70 years, respectively suffer ED (2). Although
ED is not life-threatening, it may leave those affected feeling
inferior, embarrassed, anxious, and depressed, which may have
an adverse effect on their quality of life.

It is well established in the literature that major depression
(MD) is consistently associated with sexual dysfunction (SD).
Indeed, SD may be the result of either the pathophysiology of
the disease itself or the psychopharmacotherapy patients with
MD frequently undergo (3). Among sexual impairments, absent
or delayed orgasm, premature ejaculation (PE), decreased libido,
difficulties with arousal, and ED are listed as the most common
ones (4). Although ED is one of the most common male diseases,
which often occurs in conjunction with depression, the “chicken-
and-egg relationship” between ED and depression remains
unclear (5). Some studies have shown that both conditions share
a common pathophysiological basis, with the one affecting the
other (6-9). Shiri et al. (10) found that the incidence of ED
was 59/1,000 person-years (95% confidence interval [CI] 39-
90) in men with depressive mood and 37/1,000 person-years
(95% CI 32-43) in those free of the disorder. Moreover, a recent
systematic review and meta-analysis reported pooled odds ratio
(OR) for risk of ED among patients with MD was 1.39 (11). For
these reasons, it is imperative that patients with MD should be
routinely screened for ED, and, on the contrary, patients with
ED must be routinely screened for MD (12). To this end, the
psychological evaluation of patients with ED is of paramount
importance for two reasons. Firstly, patients with ED usually
experience PE, which, in turn, is a risk factor for depression (13);
secondly, the first-line PE treatment selective serotonin reuptake
inhibitors (SSRIs) may frequently concur to produce ED while
treating ejaculation impairments (14).

There are many scales used to screen for depression, such
as the 9-item version of the Patient Health Questionnaires

(PHQ-9), Beck Depression Inventory-II (BDI), Center
for Epidemiological Studies-Depression Scale-20 (CES-D),
Common Mental Disorder Questionnaireare (CMDQ) and
so on (15). Among these methods, PHQ-9 has been reported
to be an easy-to-use and the most reliable one, with a total
score of >15 considered as an MD candidate (16). However,
routine clinical practice shows that the psychological burdens
of ED patients may increase more or less after using the
PHQ-9 because it includes phrases such as “I think I am
a loser” and “I want to commit suicide’. In turn, these
PHQ-9-induced psychological burdens may have a negative
impact on ED therapy. Therefore, we endeavored to develop
a nomogram to predict individual risk of PHQ-9 score >15
in patients with ED, so that the treatment outcomes of
patients with low risk of PHQ-9 score >15, who should be
provided with close follow-up rather than the PHQ-9, may
be improved.

MATERIALS AND METHODS
Study Sample

The training cohort comprised 1,142 patients with ED diagnosed
at Xijing Hospital (Xi’an, China) and Northwest Women and
Children’s Hospital (Xi’an, China) from January 2017 to May
2020. The data of the patients in this cohort were retrospectively
analyzed to explore independent predictors of MD and develop
the nomogram. After the completion and internal validation of
the nomogram, the data of patients with ED diagnosed in Daxing
hospital (Xi’an, China) and Xijing Hospital (Xi’an, China) from
July 2020 to November 2021 were collected prospectively. Finally,
the data of 877 patients were collected and employed as an
independent verification cohort for external verification of the
nomogram. The flowchart of this study is depicted in Figure 1.
The inclusion and exclusion criteria of all the patients in
the cohort that established and verified the model are as
follows. The patients had to be at least 18 years old, involved
in a monogamous sexual relationship and have had vaginal
intercourse for at least 2 months, have had sexual intercourse
at least once a month during the previous 2 months, not taken
drugs such as antidepressants and type 5 phosphodiesterase
inhibitors that may have affected their ability to have an
erection during the previous 2 months, not suffer from any
other serious neurological and/or mental disorders, and ensure
that all information provided was correct. Two experienced
urologists employed the diagnostic criteria of the International
Society of Sexual Medicine (ISSM) (17) to diagnose ED. The
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FIGURE 1 | The flow chart of this study.
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PHQ-9 was employed to assess MD and as noted previously, a
total score of >15 was considered MD candidate (13). All the
patients who participated in the study provided written informed
consent. Furthermore, all the procedures performed in our
study were approved by the ethics committee of Xijing Hospital
(No. KY20212177-F-1).

Variable Selection
The variables included in this study were age at visit,

residence (town/city or countryside), income, years of
education, the 5-item International Index of Erectile
Function (IIEF-5) questionnaire score (18), premature

ejaculation diagnostic tool (PEDT) score (19), frequency
of sexual desire, feeling of endless urination, and frequent
urination, that is, having to urinate within 2h of urinating
during the previous 2 weeks. In addition, their average
physical body pain intensity during the previous 2 weeks
was evaluated by employing the short form of the Brief
Pain Inventory (20), which assesses pain on a numerical
scale, ranging from 0 (no pain) to 10 (the most severe
pain imaginable). According to the IIEF-5 score, erectile
function is divided into four grades: without ED (>22),
mild ED (12-21), moderate ED (8-11), and severe
ED (5-7).

Statistical Analysis

The Kolmogorov Smirnov test demonstrated the discrete
variables and only continuous variable, namely, age at visit
to be a nonnormal distribution as frequency (proportion) and
median (interquartile range), respectively. While the distribution
of discrete variables between the training and validation cohorts
was evaluated by means of a chi square test, the Mann-Whitney
U-test was employed to assess the distribution of age at visit.
The Least Absolute Shrinkage and Selection Operator (LASSO)
(21) was adopted to reduce the dimensionality of the data
and prevent the model from overfitting (22). The nomogram
was developed using R software (version 4.0.3) by integrating

independent predictors identified by multivariable logistic
regression models. In the internal verification, the calibration
chart of the nomogram was drawn by comparing prediction
and observation. The discrimination of the nomogram was
reflected by the area under the curve (AUC) of the receiver
operating characteristic (ROC) (23), ranging from 0.5 (equivalent
to tossing a coin) to 1 (implying excellent discrimination).
Furthermore, 1,000-times-repeated bootstrapping resampling
was performed for these evaluations. The sensitivity and
specificity of the nomogram were identified according to the
maximum Youden index on the basis of the ROC curve.
Similarly, in the external verification, a calibration chart was
drawn, and AUC was calculated to verify the performance
of the nomogram further. Moreover, restricted cubic splines
analyses based on logistic regression models with five knots
(at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles) of
the continuous total points were performed to assess the
exposure-response relationship between the predictive point and
MD (24).

Two-tailed P values
statistically significant.

< 0.05 were considered to be

RESULTS

Characteristics of Patients and Variables
The proportion of PHQ-9 score >15 in the training cohort and
validation cohort are 12.4% (142/1,142) and 11.6% (102/877),
respectively. The characteristics of the two cohorts are displayed
in Table 1. No statistical difference between the two cohorts was
found in the comparison of the 10 basic variables (all P > 0.05;
Table 1). Besides, the PHQ-9 scores in the two cohorts are 7
(4-11) and 7 (4-11), respectively (P = 0.859). In the training
cohort, patients from the western, central, and eastern regions
of China accounted for 57.8% (660/1,142), 26.5% (303/1,142),
and 15.7% (179/1,142), respectively, and the proportions in the
validation cohort were 51.4% (451/877), 27.7% (243/877), and
20.9% (183/877), respectively.
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TABLE 1 | Comparison of variables between training cohort and validation cohort.

Variables Training Validation P-Value
cohort cohort
(N =1,142) (N =877)
Age at visit (years), n (%)
<25 196 (17.2) 137 (15.6) 0.617
26-30 413 (36.2) 320 (36.5)
31-35 307 (26.9) 229 (26.1)
>35 226 (19.8) 191 (21.8)
Residence, n (%)
town/city 864 (75.7) 682 (77.8) 0.268
countryside 278 (24.9) 195 (22.2)
Income (RMB/month), n (%)
<5,000 787 (68.9) 573 (65.3) 0.236
5,000-10,000 273 (23.9) 234 (26.7)
>10,000 82 (7.2) 70 (8.0)
Years of education, n (%)
Years <9 229 (20.1) 168 (19.2) 0.637
9 < years <16 532 (46.6) 399 (45.5)
Years >16 381 (33.4) 310 (35.3)
IIEF-5 score, n (%)
5-7 73 (6.4) 59 (6.7) 0.965
8-11 204 (17.9) 155 (17.7)
12-16 406 (35.6) 304 (34.7)
17-21 459 (40.2) 359 (40.9)
PEDT score, n (%)
<8 181 (15.8) 162 (18.5) 0.400
9-10 104 (9.1) 77 (8.8)
11-14 348 (30.5) 271 (30.9)
>15 509 (44.6) 367 (41.8)
Physical pain score, n (%)
0 613 (53.7) 494 (56.3) 0.611
1 316 (27.7) 220 (25.1)
2 81(7.1) 67 (7.6)
3 65 (5.7) 43 (4.9)
>4 67 (5.9) 53 (6.0)
Frequency of sexual desire, n (%)
Hardly any 281 (24.6) 201 (22.9) 0.550
A few times 358 (31.3) 282 (32.2)
About half the time 441 (38.6) 335 (38.2)
Most of the time 62 (5.4) 59 (6.7)
Frequent urination, n (%)
Hardly any 720 (63.0) 546 (62.3) 0.730
A few times 158 (13.8) 136 (15.5)
About half the time 129 (11.3) 92 (10.5)
Most of the time 135 (11.8) 103 (11.7)
Feeling of endless urination, n (%)
Hardly any 773 (67.7) 593 (67. ) 0.732
A few times 138 (12 1) 103 (1
About half the time 4 (6.5) 9 (5. )
Most of the time 157 (1 3.7) 132 (1

IIEF-5, 5-item International Index Erectile Function; PEDT, premature ejaculation diagnostic tool.
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FIGURE 2 | Variable screening using the least absolute shrinkage and selection operator (LASSO) binary logistic regression model. (A) LASSO coefficient profile of
features. This graph shows the relationship between the penalty coefficient log (1) and the retained charicteristics. The number of intersecting curves represent the
number of charicteristics retained at that log (1) value. (B) The relationship between log (1) and binomial deviance. Based on the 10-fold crossvalidation method, the
relationship between log (1) and binomial deviance is drawn. The dotted vertical lines were drawn at the optimal values by using the minimum criteria and the minimum

The Selection of Predictors and the
Construction of the Nomogram

With nonzero coefficients in the LASSO regression,
five potential predictors (IIEF-5 score, PEDT score,
physical pain score, frequent urination, and feeling of
endless urination) were selected from the 10 variables
included in the study (Figures2A,B). The AUCs of
the IIEF-5 score, PEDT score, physical pain score,
frequent urination, and feeling of endless urination in the
training cohort were 0.639, 0.605, 0.631, 0.658, and 0.667,
respectively. Furthermore, the AUCs of these variables in
the validation cohort were 0.625, 0.610, 0.626, 0.613, and
0.632, respectively.

All the five potential predictors selected by the
LASSO regression were independent predictors when the
multivariate logistic regression analysis was performed.
All odd ratio and P values are presented in Table2. R
software was employed to integrate these five independent
predictors and develop the nomogram in accordance
with the regression coeflicients of these predictor variables
(Figure 3).

Evaluation of the Nomogram

In the training cohort, the AUC of the nomogram was
0.757 (95% CI: 0.754-0.760), which proves the mid-to-high
discrimination ability thereof. In addition, the AUC of the
nomogram was statistically higher than the IIEF-5 (0.757 vs.
0.639, P < 0.001), PEDT (0.757 vs. 0.605, P < 0.001), physical
pain score (0.757 vs. 0.631, P < 0.001), frequent urination
(0.757 vs. 0.658, P < 0.001), and feeling of endless urination

(0.757 vs. 0.667, P < 0.001; Figure4A). Similarly, in the
validation cohort, the nomogram AUC was 0.722 (95% CI:
0.718-0.726), which also demonstrates an AUC higher than
other factors such as the IIEF-5 (0.722 vs. 0.625, P < 0.001),
PEDT (0.722 vs. 0.610, P < 0.001), physical pain score (0.722
vs. 0.626, P < 0.001), frequent urination (0.722 vs. 0.613, P <
0.001), and feeling of endless urination (0.722 vs. 0.632, P <
0.001; Figure 4B). Additionally, the sensitivity and specificity
of the nomogram in the training cohort are 0.86 and 0.52,
respectively; and the sensitivity and specificity in the validation
cohort are 0.73 and 0.62, respectively. In the training cohort,
good consistency between the predicted possibility and actual
rate was observed (Figure 4C). Furthermore, in the validation
cohort, excellent calibration of the nomogram was realized
(Figure 4D).

Dose-Response Analysis

Dose-response analysis demonstrated a nonlinear relationship
between the nomogram-predicted total points and PHQ-9 score
>15 (overall association P < 0.001, nonlinear P = 0.030). The
risk of PHQ-9 score >15 was relatively flat until approximately
180 points of the total-points level and then started to increase
rapidly (P for nonlinearity < 0.05). Therefore, 180 points was
identified as a reference according to the trend of the restricted
cubic spline and accordingly, the participants were divided into
low-risk and high-risk groups. The PHQ-9 score >15 rates of the
two groups were 7.57 and 16.09%, respectively. The overall risk
of MD in the high-risk group was 2.34 (95% CI 1.75-3.13) times
higher than that of low-risk group (Figure 5).
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TABLE 2 | Multivariable logistic regression of predictors for screening major depression in patients with erectile dysfunction (training cohort).

Variables OR 95% ClI P value
IIEF-5 score <0.001
17-21 1 (reference)
12-16 1.682 0.974-2.569 0.064
8-11 2.637 1.558-4.463 <0.001
5-7 3.669 1.864-7.221 <0.001
PEDT score 0.023
<8 1 (reference)
9-10 2.065 0.783-5.449 0.143
11-14 2.377 1.094-5.165 0.029
>15 3.070 1.469-6.414 0.003
Physical pain score 0.041
0 1 (reference)
1 1.409 0.886-2.238 0.147
2 1.580 0.803-3.108 0.185
3 2.049 1.037-4.049 0.039
>4 2.552 1.319-4.936 0.005
Frequent urination 0.038
Hardly any 1 (reference)
A few times 1.538 0.891-2.656 0.122
About half the time 1.686 0.934-3.044 0.083
Most of the time 2.277 1.275-4.068 0.005
Feeling of endless urination 0.026
Hardly any 1 (reference)
A few times 1.636 0.927-2.888 0.090
About half the time 1.951 0.986-3.862 0.055
Most of the time 2.223 1.275-3.876 0.005
Cl, confidence interval; IEF-5, 5-item International Index Erectile Function; OR, odd ratio;
PEDT, premature ejaculation diagnostic tool.
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FIGURE 3 | Nomogram for predicting individual risk of major depression in patients with erectile dysfunction. (IIEF-5, 5-item International Index Erectile Function;
PEDT, premature ejaculation diagnostic tool; PPS, physical pain score; FU, frequent urination; FEU, feeling of endless urination).
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DISCUSSION

The PHQ-9 is the most reliable tool for screening depression. But
it may carry the risk of having adverse side effects on patients
with ED who tend to worry that their condition will advance
as described in the scale. Therefore, it is necessary to develop a
nomogram to predict individual risk of PHQ-9 score >15 before
using the PHQ-9, which may help clinical decision making.

The nomogram confirmed that the IIEF-5 score and PEDT
score were independent risk factors for MD. First, the IIEF-5
score and PEDT score reflect the state of male sexual life jointly
and depression has been found to be related to a decrease of
sexual activity in male patients (25). Second, as observed in
clinical practice, PE often occurs simultaneously with ED, thus
resulting in a vicious circle, recently described as Loss of Control
over Erection and Ejaculation (LCEE) (26). When a man with
ED tries to achieve or maintain an erection through strong
stimulation, his precoital excitement may be higher than that

of normal healthy men, which results in shorter intravaginal
ejaculation latency time. Similarly, when a patient with PE
attempts to control ejaculation, his level of sex excitement
decreases instinctively, which may lead to ED (27, 28). Finally,
SSRIs used in the treatment of PE and MD may cause ED (3).
Depending on the various drugs, the incidence of ED may range
from 25.8 to 80.3% (14). Unfortunately, ED may persist after
SSRIs are discontinued, with this treacherous condition being
only recently defined as post-SSRI sexual dysfunction (PSSD)
(29, 30).

Physical pain is another independent risk factor for MD.
Research has revealed that between 30 and 60% of patients
who suffer chronic pain have a depressive state (31), and more
than 60% of patients with MD experience physical pain (32).
This suggests that somatic pain and MD are closely related. Its
mechanisms may include a high overlap of brain regions involved
in depression and pain (33) because they share a common
underlying brain network (34); Furthermore, inflammatory
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FIGURE 5 | Dose-response association between total points. The presence of
major depression in patients with erectile dysfunction with five knots located at
the 5th, 27.5th, 50th, 72.5th, and 95th percentiles. (Ref, reference; OR, odds
ratio).

inducible factors such as Interleukin-1B may induce depression-
like behavior and cause hyperalgesia. Finally, the HPA axis
may be involved in the interaction between depression and
pain (35).

Frequent urination and feeling of endless urination may
be classified in the category of lower urinary tract symptoms
(LUTS). Research throughout the world has shown that LUTS
are related to ED and depression (36-38). Frequent urination
and feeling of endless urination are also independent risk factors
for MD in our nomogram. The common pathophysiological
mechanisms of LUTS and ED include changes in the nitric
oxide/cGMP pathway in the prostate and penis, rho kinase
activation, endothelial pathway regulation, autonomic overactive
pathways, and changes secondary to pelvic atherosclerosis
(39). The correlation between LUTS and depression is long-
established, with the first one being associated with a poor
quality of life and therefore leading to depressive symptoms
(40). Furthermore, also a reduction of serotonin in the
brain has been documented. This neurochemical change in
the central nervous system that may is well-known to be
associated with depression may also affect the autonomic
nervous activity that regulates the urinary tract, thus resulting in
LTUS (41).

This work suffers from a number limitations. Firstly, although
it is a multicenter study, data were collected from only three
centers. Despite the three sampling centers being located in
Xi’an, Shaanxi Province, China, only 29.7% (339/1,142) and
30.1% (267/877) of the two cohorts were from Shaanxi Province.
However, the sample includes most areas in China and therefore,
has a certain degree of representativeness. Secondly, the IIEF-5
and PEDT scales in the study are self-assessment scales, which
may have led to an overestimation of the results because of the
subjective nature thereof.

CONCLUSIONS

In this study, a nomogram that can predict the risk of patients
with ED of being comorbid with PHQ-9 score >15 was
developed, and the stability of the nomogram was verified
through an independent cohort. According to the nomogram,
patients with ED can be divided into a low-risk group and high-
risk group. While the first had an PHQ-9 score >15 rate of 7.57%,
that of the second one was 16.09%. Hence, it is reccommended that
patients in the high-risk group complete the PHQ-9 and those
in the low-risk group are monitored closely. This may avoid the
potential adverse effects patients with a low risk may suffer when
completing the PHQ-9. It is recommended that the nomogram
should be evaluated on a large sample.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

All the procedures performed in our study were approved by the
ethics committee of Xijing Hospital (No. KY20212177-F-1). The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

Concept and design: JY, EJ, YZ, and GH. Acquisition,
analysis, or interpretation of data: MG, GH, XE YZ,
LZ, and XD. Drafting of the manuscript: YZ, GH, MG,
and NH. Critical revision of the manuscript: EJ, JY, NH,
and TJ. Statistical analysis: DW, WZ, and GH. Obtained
funding: JY, EJ, and MG. Administrative, technical, or
material support: GZ, PM, and FW. Supervision: JY and
EJ. All authors contributed to the article and approved the
submitted version.

FUNDING

This  study was financially  supported by  the
National Natural Science Foundation of China (No.
61971425),  Italian  Ministry = of  University =~ PRIN
(No.  2017S9KTNE_002), Youth  Fund  Project of
National Natural Science Foundation of China (No.

62001370), China Postdoctoral Science Foundation Grant
(No. 2019M650985).

ACKNOWLEDGMENTS

The authors thank for the guidance on data collection from
Dr. Jianhua Sun from the Northwest Women’s and Children’s
Hospital, and for all patients who participated in the study.

Frontiers in Public Health | www.frontiersin.org

June 2022 | Volume 10 | Article 836898


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Zheng et al.

Screening MD in ED Patients

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Salonia A, Bettocchi C, Boeri L, Capogrosso P, Carvalho ], Cilesiz NC, et

al. European Association of Urology guidelines on sexual and reproductive
health-2021 update: male sexual dysfunction. Eur Urol. (2021) 80:333-
57. doi: 10.1016/j.eururo.2021.06.007

. Wang W, Fan ], Huang G, Zhu X, Tian Y, Tan H, et al. Meta-

in Mainland China:
Sex Med. (2017)

analysis of prevalence of erectile dysfunction
evidence based on epidemiological
5:19-30. doi: 10.1016/j.esxm.2016.10.001

surveys.

. Jannini TB, Di Lorenzo G, Bianciardi E, Niolu C, Toscano
M, Ciocca G, et al. Off-label uses of selective serotonin
reuptake inhibitors (SSRIs). Curr Neuropharmacol. (2022)
20:693-712. doi: 10.2174/1570159X19666210517150418

. Kennedy S H, Rizvi S. Sexual dysfunction, depression, and
the impact of antidepressants. ] Clin Psychopharmacol. (2009)

29:157-64. doi: 10.1097/JCP.0b013e31819¢76e9

. Delay K J, Haney N, Hellstrom W J. Modifying risk factors in the management

of erectile dysfunction: a review. World ] Mens Health. (2016) 34:89-
100. doi: 10.5534/wjmh.2016.34.2.89

. Hackett G. Should all men with type 2 diabetes be routinely prescribed a

phosphodiesterase type 5 inhibitor? World ] Mens Health. (2020) 38:271-
84. doi: 10.5534/wjmh.200027

. Rosen R, Shabsigh R, Berber M, Assalian P, Menza M, Rodriguez-

Vela L, et al. Efficacy and tolerability of vardenafil in men with mild
depression and erectile dysfunction: the depression-related improvement
with vardenafil for erectile response study. Am ] Psychiatry. (2006) 163:79-
87. doi: 10.1176/appi.ajp.163.1.79

. Jiang T, Osadchiy V, Mills JN, Eleswarapu SV. Is it all in my head?

Self-reported psychogenic erectile dysfunction and depression are common
among young men seeking advice on social media. Urology. (2020) 142:133-
40. doi: 10.1016/j.urology.2020.04.100

. Seftel A D, Sun P, Swindle R. The prevalence of hypertension, hyperlipidemia,

diabetes mellitus and depression in men with erectile dysfunction. J Urol.
(2004) 171:2341-5. doi: 10.1097/01.ju.0000125198.32936.38

Shiri R, Koskimiki J, Tammela TL, Hikkinen J, Auvinen A, Hakama M.
Bidirectional relationship between depression and erectile dysfunction. J Urol.
(2007) 177:669-73. doi: 10.1016/j.juro.2006.09.030

Liu Q, Zhang Y, Wang J, Li S, Cheng Y, Guo J, et al. Erectile dysfunction
and depression: a systematic review and meta-analysis. J Sex Med. (2018)
15:1073-82. doi: 10.1016/j.jsxm.2018.05.016

Mcmahon C G. Current diagnosis and management of erectile dysfunction.
Med ] Aust. (2019) 210:469-76. doi: 10.5694/mja2.50167

Rajkumar R P, Kumaran A K. Depression and anxiety in men with
sexual dysfunction: a retrospective study. Compr Psychiatry. (2015) 60:114—
8. doi: 10.1016/j.comppsych.2015.03.001

Serretti A, Chiesa A. Treatment-emergent sexual dysfunction related to
antidepressants: a meta-analysis. J Clin Psychopharmacol. (2009) 29:259-
66. doi: 10.1097/JCP.0b013e3181a5233f

El-Den Sarira, Chen Timothy F, Gan Yuh-Lin, Wong Eling, O’Reilly Claire
L. The psychometric properties of depression screening tools in primary
healthcare settings: a systematic review. ] Affect Disord. (2018) 225:503-
22. doi: 10.1016/j.jad.2017.08.060

Levis B, Benedetti A, Thombs BD. Accuracy of Patient Health Questionnaire-9
(PHQ-9) for screening to detect major depression: individual participant data
meta-analysis. BMJ. (2019) 365:11476. doi: 10.1136/bm;j.11476

Serefoglu EC, McMahon CG, Waldinger MD, Althof SE, Shindel A, Adaikan
G, et al. An evidence-based unified definition of lifelong and acquired
premature ejaculation: report of the second International Society for Sexual
Medicine Ad Hoc Committee for the Definition of Premature Ejaculation. J
Sex Med. (2014) 11:1423-41. doi: 10.1111/jsm.12524

Shamloul R, Ghanem H. Erectile dysfunction. Lancet. (2013) 381:153-
65. doi: 10.1016/S0140-6736(12)60520-0

Huang YP, Chen B, Ping P, Wang HX, Hu K, Zhang T, et al. The premature
ejaculation diagnostic tool (PEDT): linguistic validity of the Chinese version.
J Sex Med. (2014) 11:2232-8. doi: 10.1111/jsm.12612

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Sherbourne CD, Asch SM, Shugarman LR, Goebel JR, Lanto AB, Rubenstein
LV, et al. Early identification of co-occurring pain, depression and anxiety. J
Gen Intern Med. (2009) 24:620-5. doi: 10.1007/s11606-009-0956-2

Friedman J, Hastie T, Tibshirani R. Regularization paths for
generalized linear models via coordinate descent. ] Stat Softw. (2010)
33:1-22. doi: 10.18637/jss.v033.i01

Chen D, Chen G, Jiang W, Fu M, Liu W, Sui ], et al. Association
of the collagen signature in the
lymph node metastasis in early gastric cancer. JAMA Surg. (2019)
154:¢185249. doi: 10.1001/jamasurg.2018.5249

Hanley J A, Mcneil B J. The meaning and use of the area under a
receiver operating characteristic (ROC) curve. Radiology. (1982) 143:29-
36. doi: 10.1148/radiology.143.1.7063747

Desquilbet L, Mariotti F. Dose-response analyses using restricted cubic
spline functions in public health research. Stat Med. (2010) 29:1037-
57. doi: 10.1002/sim.3841

Rosen RC, Link CL, O’Leary MP, Giuliano F Aiyer LP, Mollon P.
Lower urinary tract symptoms and sexual health: the role of gender,
lifestyle and medical comorbidities. BJU Int. (2009) 103(Suppl 3):42-
7. doi: 10.1111/j.1464-410X.2009.08370.x

tumor microenvironment with

Colonnello E, Ciocca G, Limoncin E, Sansone A, Jannini EA.
Redefining a sexual medicine paradigm: subclinical premature
ejaculation as a new taxonomic entity. Nat Rev Urol. (2021)

18:115-27. doi: 10.1038/s41585-020-00417-1

Jannini EA, Isidori AM, Aversa A, Lenzi A, Althof SE. Which is first? The
controversial issue of precedence in the treatment of male sexual dysfunctions.
J Sex Med. (2013) 10:2359-69. doi: 10.1111/jsm.12315

Corona G, Rastrelli G, Bartfai G, Casanueva FE, Giwercman A, Antonio L, et
al. Self-reported shorter than desired ejaculation latency and related distress-
prevalence and clinical correlates: results from the European male ageing
study. J Sex Med. (2021) 18:908-19. doi: 10.1016/j.jsxm.2021.01.187

Csoka A B, Bahrick A, Mehtonen O P. Persistent sexual dysfunction after
discontinuation of selective serotonin reuptake inhibitors. J Sex Med. (2008)
5:227-33. doi: 10.1111/j.1743-6109.2007.00630.x

Healy D, Bahrick A, Bak M, Barbato A, Calabro RS, Chubak BM, et al.
Diagnostic criteria for enduring sexual dysfunction after treatment with
antidepressants, finasteride and isotretinoin. Int J Risk Saf Med. (2022) 33:65-
76. doi: 10.3233/JRS-210023

Strigo IA, Simmons AN, Matthews SC, Craig AD, Paulus MP. Association
of major depressive disorder with altered functional brain response during
anticipation and processing of heat pain. Arch Gen Psychiatry. (2008) 65:1275-
84. doi: 10.1001/archpsyc.65.11.1275

Kuga A, Tsuji T, Hayashi S, Fujikoshi S, Tokuoka H, Yoshikawa A, et al.
An observational study of duloxetine versus SSRI monotherapy in Japanese
patients with major depressive disorder: subgroup analyses of treatment
effectiveness for pain, depressive symptoms, and quality of life. Neuropsychiatr
Dis Treat. (2017) 13:2115-24. doi: 10.2147/NDT.S136448

Norman GJ, Karelina K, Zhang N, Walton JC, Morris JS, Devries AC.
Stress and IL-lbeta contribute to the development of depressive-like
behavior following peripheral nerve injury. Mol Psychiatry. (2010) 15:404-
14. doi: 10.1038/mp.2009.91

Kashanian A, Tsolaki E, Pouratian N, Bari AA. Deep brain stimulation of
the subgenual cingulate cortex for the treatment of chronic low back pain.
Neuromodulation. (2022) 25:202-10. doi: 10.1111/ner.13388

Zhao ], Gao X, Wang A, Wang Y, Du Y, Li L, et al. Depression
comorbid with hyperalgesia: Different roles of neuroinflammation induced
by chronic stress and hypercortisolism. ] Affect Disord. (2019) 256:117-
24. doi: 10.1016/j.jad.2019.05.065

Laumann EO, Kang JH, Glasser DB, Rosen RC, Carson CC. Lower
urinary tract symptoms are associated with depressive symptoms in white,
black and Hispanic men in the United States. J Urol. (2008) 180:233-
40. doi: 10.1016/j.juro.2008.03.055

Takao T, Tsujimura A, Okuda H, Yamamoto K, Fukuhara S, Matsuoka Y,
et al. Lower urinary tract symptoms and erectile dysfunction associated
with depression among Japanese patients with late-onset hypogonadism
symptoms. Aging Male. (2011) 14:110-4. doi: 10.3109/13685538.2010.512374

Frontiers in Public Health | www.frontiersin.org

June 2022 | Volume 10 | Article 836898


https://doi.org/10.1016/j.eururo.2021.06.007
https://doi.org/10.1016/j.esxm.2016.10.001
https://doi.org/10.2174/1570159X19666210517150418
https://doi.org/10.1097/JCP.0b013e31819c76e9
https://doi.org/10.5534/wjmh.2016.34.2.89
https://doi.org/10.5534/wjmh.200027
https://doi.org/10.1176/appi.ajp.163.1.79
https://doi.org/10.1016/j.urology.2020.04.100
https://doi.org/10.1097/01.ju.0000125198.32936.38
https://doi.org/10.1016/j.juro.2006.09.030
https://doi.org/10.1016/j.jsxm.2018.05.016
https://doi.org/10.5694/mja2.50167
https://doi.org/10.1016/j.comppsych.2015.03.001
https://doi.org/10.1097/JCP.0b013e3181a5233f
https://doi.org/10.1016/j.jad.2017.08.060
https://doi.org/10.1136/bmj.l1476
https://doi.org/10.1111/jsm.12524
https://doi.org/10.1016/S0140-6736(12)60520-0
https://doi.org/10.1111/jsm.12612
https://doi.org/10.1007/s11606-009-0956-2
https://doi.org/10.18637/jss.v033.i01
https://doi.org/10.1001/jamasurg.2018.5249
https://doi.org/10.1148/radiology.143.1.7063747
https://doi.org/10.1002/sim.3841
https://doi.org/10.1111/j.1464-410X.2009.08370.x
https://doi.org/10.1038/s41585-020-00417-1
https://doi.org/10.1111/jsm.12315
https://doi.org/10.1016/j.jsxm.2021.01.187
https://doi.org/10.1111/j.1743-6109.2007.00630.x
https://doi.org/10.3233/JRS-210023
https://doi.org/10.1001/archpsyc.65.11.1275
https://doi.org/10.2147/NDT.S136448
https://doi.org/10.1038/mp.2009.91
https://doi.org/10.1111/ner.13388
https://doi.org/10.1016/j.jad.2019.05.065
https://doi.org/10.1016/j.juro.2008.03.055
https://doi.org/10.3109/13685538.2010.512374
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Zheng et al.

Screening MD in ED Patients

38. Wong S Y, Leung ] C, Woo J. Sexual activity, erectile dysfunction and their
correlates among 1,566 older Chinese men in Southern China. J Sex Med.
(2009) 6:74-80. doi: 10.1111/j.1743-6109.2008.01034.x

Mcvary K. Lower urinary tract symptoms and sexual dysfunction:
epidemiology and pathophysiology. BJU Int. (2006) 97(Suppl 2):23-8. 44-
45. doi: 10.1111/§.1464-410X.2006.06102.x

Dunphy C, Laor L, Te A, Kaplan S, Chughtai B. Relationship between
depression and lower urinary tract symptoms secondary to benign prostatic
hyperplasia. Rev Urol. (2015) 17:51-7. doi: 10.3909/riu0658

Litman HJ, Steers WD, Wei JT, Kupelian V, Link CL, McKinlay JB.
Relationship of lifestyle and clinical factors to lower urinary tract symptoms:
results from Boston Area Community Health survey. Urology. (2007) 70:916—
21. doi: 10.1016/j.urology.2007.06.1117

39.

40.

41.

Conflict of Interest: E] has been a consultant and/or paid speaker for Bayer, Ibsa,
Lundbeck, Menarini, Otsuka, Pfizer, and Shionogi.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential
conflict of interest. .

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zheng, Gao, Hou, Hou, Feng, Jannini, Wei, Zheng, Zhang,
Dun, Zhang, Wang, Meng, Jannini and Yuan. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Public Health | www.frontiersin.org

10

June 2022 | Volume 10 | Article 836898


https://doi.org/10.1111/j.1743-6109.2008.01034.x
https://doi.org/10.1111/j.1464-410X.2006.06102.x
https://doi.org/10.3909/riu0658
https://doi.org/10.1016/j.urology.2007.06.1117
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	A Prospectively Validated Nomogram for Predicting the Risk of PHQ-9 Score ≥15 in Patients With Erectile Dysfunction: A Multi-Center Study
	Introduction
	Materials and Methods
	Study Sample
	Variable Selection
	Statistical Analysis

	RESULTS 
	Characteristics of Patients and Variables
	The Selection of Predictors and the Construction of the Nomogram
	Evaluation of the Nomogram
	Dose-Response Analysis

	DISCUSSION
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


