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Previous studies had illustrated the significant neural pathological changes in patients
with psychogenic erectile dysfunction (pED), while few works focused on the neural
underpinning of the psychosocial status in patients with pED. This study aimed to
investigate the associations among the altered cerebral activity patterns, impaired erectile
function, and the disrupted psychosocial status in patients with pED. Thirty-two patients
with pED and 28 healthy controls (HCs) were included. The amplitude of low-frequency
fluctuations (ALFF), region-of-interest-based functional connectivity (FC), as well as
Pearson correlation analyses and mediation analyses between neuroimaging outcomes
and clinical outcomes were performed. Compared to HCs, patients with pED manifested
lower erectile function, disrupted psychosocial status, as well as decreased ALFF in
the left dorsolateral prefrontal cortex (dIPFC) and reduced FC between the left dIPFC
and left angular gyrus, and left posterior cingulate cortex (PCC) and precuneus, which
belonged to the default mode network (DMN). Moreover, both the ALFF of the left dIPFC
and FC between the left dIPFC and left PCC and precuneus were significantly correlated
with the sexual function and psychosocial status in patients with pED. The disrupted
psychosocial status mediated the influence of atypical FC between dIPFC and DMN on
decreased erectile function. This study widened our understanding of the important role
of psychosocial disorders in pathological neural changes in patients with pED.

Keywords: psychogenic erectile dysfunction, psychosocial status, amplitude of low-frequency fluctuations,
functional connectivity, fMRI, mediation analysis
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INTRODUCTION

Erectile dysfunction (ED), the most common male sexual
disorder, is defined as the persistent inability to attain or maintain
sufficient penile erection for successful sexual performance (1).
Population-based cross-sectional studies estimated that 11%
of men in their 30s and 24% of men in their 40s suffered
from this sexual dysfunction (2, 3). A recent review on the
epidemiological surveys of ED similarly indicated that the
prevalence of ED among young people was as high as 30%
(4). ED is now recognized as a major public health issue, not
only for its high prevalence but also for its severe impacts on
sexual satisfaction and quality of life (QOL) of patients and their
partners (5-8). Among the different subtypes of ED, psychogenic
ED (pED) has always been a focus of researchers for the high
incidence and complex pathogenesis (7, 9, 10). Different from
organic ED, which has physical causes and evident pathological
characteristics, pED is generally caused by psychosocial factors
and lacks specific biomarkers (11, 12).

Male sexual arousal is described as a complicated
biopsychosocial process that involves the coordination of
psychological, neurological, endocrine, and vascular systems
(13). With the application of neuroimaging technologies, the
close correlation between sexuality and the central nervous
system (CNS) is becoming clearer (14-16). Many male sexual
dysfunctions, such as ED (17-22), premature ejaculation (23, 24),
and anejaculation (25) have been detected to be associated with
alterations in the structure and function of the brain. For
example, patients with pED demonstrated the atrophied gray
matter volume (17, 19), altered white matter microstructure
(26), aberrant activity patterns (20), and disrupted topological
properties (22) in multiple brain regions, such as prefrontal
cortex, cingulate cortex, and insular cortex. These studies
indicated that the structural and functional aberrancies of the
brain might be the critical pathogenesis properties of pED.
However, most of these previous studies paid primary attention
to the neural mechanism of the low erectile function, and few
works focused on the associations between the altered cerebral
activity and the psychosocial status of pED patients. As a typical
psychosocial disorder, patients with pED demonstrated not
only decreased erectile function but also severe symptom-
related psychosocial disorders, such as poor sexual relations,
diminished sexual satisfaction, and low self-esteem. Therefore,
in addition to investigating the correlations between the altered
cerebral activity properties and the physiological function, it is
necessary to explore the neural underpinning of the disrupted
psychosocial status in patients with pED, so that to more
fully understand the neuropathological features underlying
pED. The amplitude of low-frequency fluctuations (ALFF)
and region-of-interest (ROI)-based functional connectivity
(FC) are two commonly used approaches to investigate human
brain activity patterns. The ALFF is a data-driven algorithm
to measure the spontaneous activity of the brain (27), and
the ROI-based FC is a purpose-driven algorithm that reflects
the synchronization of different brain regions and indicates
the tendency of cortical networks to be co-activated (28). The
combination of ALFF and ROI-based FC provides valuable

perspectives for detecting the neural underpinning of diseases
(29, 30).

In this study, we aimed to investigate the alterations
of spontaneous cerebral activity and synchronous cerebral
activity of patients with pED using ALFF and ROI-based FC
analysis methods, and to examine the potential associations
among the altered cerebral activity patterns and the decreased
erectile function as well as the disrupted psychosocial status
in patients with pED. To deepen the understanding of the
impacts of psychosocial status on clinical symptoms and cerebral
activity patterns, the mediation analysis with psychological
status as a mediator was also conducted. We hypothesized
that the cerebral activity patterns were altered in patients
with pED compared to healthy controls (HCs), and that
the disordered psychosocial status mediated the relationship
between the aberrant cerebral activity patterns and the low
erectile function.

MATERIALS AND METHODS

Participants Selection

Thirty-two patients with pED and 28 HCs were enrolled
in this study. The patients were recruited at the outpatient
department of Andrology in the Hospital of Chengdu University
of Traditional Chinese Medicine and Sichuan Integrative
Medicine Hospital from November 2018 to April 2019. All the
potential patients were diagnosed with comprehensive history
taking, physical examinations, laboratory tests, and specific
examinations. The details of the preceding items could be found
in our early study (26). Patients were included if they fulfilled
the following inclusion criteria: (1) matched the diagnosis criteria
of the guidelines for the diagnosis and treatment of Chinese
male diseases (2013 edition) (31); (2) were right-handed and
20 to 45 years old; (3) had impotence symptoms for at least 6
months; (4) had a stable heterosexual partner for more than 1
year; (5) avoided taking medications affecting sexual function
over 30 days before enrollment; and (6) signed the informed
consent. Patients were excluded if they: (1) were diagnosed with
organic ED or mixed ED by history taking or examinations; (2)
suffered from any organic or metabolic disease of urological,
cardiovascular, respiratory, gastrointestinal system or had other
severe primary diseases; (3) were alcohol or drug addicts or had
neuropsychiatric disorders; (4) had a history of head trauma or
urological surgery; (5) were participating in other current clinical
trials; or (6) had any contraindication of MRI scans, such as
implanted ferromagnetic metal and claustrophobia. The 28 right-
handed HCs (ranged from 20 to 45 years old) were recruited by
advertisement. These volunteers had never been diagnosed with
ED or other sexual dysfunction and undergone the same clinical
examinations as patients before inclusion. HCs with a history
of neurological or psychiatric disorders, or urinary tract surgery
were excluded.

Symptom Assessments

In addition to a brief assessment of sexual function using the
International Index of Erectile Function 5 (IIEF-5) routinely,
we selected the Self-Esteem and Relationship Questionnaire
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(SEARQ) and Quality of Erection Questionnaire (QEQ) to
assess each participant’s psychosocial status (self-esteem, sexual
relationships, and erectile satisfaction). Moreover, the Self-Rating
Anxiety Scale (SAS) (32) and the Self-Rating Depression Scale
(SDS) (33) were also exploited to measure the mental states. The
IIEF-5 is a multidimensional self-reported instrument for the
assessment of male sexual function (34). It is recommended as
the standard screening and diagnostic tool for ED in clinical (35).
The 14-item SEARQ is a commonly used patient-administered
and disease-specific psychosocial questionnaire to evaluate the
psychosocial status of males. It contains three dimensions: self-
esteem, sexual confidence, and sexual relationship (36-38). The
QEQ is a self-reported questionnaire that specifically evaluates
male satisfaction with erectile quality (39). The symptoms
assessments were performed prior to the MRI scans, and the
lower scores of these questionnaires indicated more severe
symptoms, lower self-esteem, poorer sexual relationships, and
lower erectile satisfaction.

MRI Data Acquisition

The MRI data were acquired with a 3.0T GE scanner at the
Department of Radiology, Hospital of Chengdu University
of Traditional Chinese Medicine, Chengdu, China. Each
participant underwent a high-resolution three-dimensional
T1-weighted imaging scan and a resting-state blood oxygenation
level-dependent fMRI (BOLD-fMRI) sequence scan with
eyes blindfolded and ears plugged. The structural scanning
parameters were as follows: repetition time /echo time=
1,900/2.26 ms, slices = 176, slice thickness = 1 mm, matrix size
= 256 x 256, field of view = 256 x 256 mm?*. The BOLD-fMRI
data were acquired with the following parameters: repetition
time/echo time = 2,000/30 ms, slices = 30, slice thickness =
5mm, flip angle = 90°, matrix size = 64 x 64, field of view =
240 x 240 mm?, total volume = 180.

Data Analysis

Clinical Data Analysis

The demographic characteristics and clinical measurements were
analyzed via SPSS 20.0 (SPSS Inc. USA). Age, Body Mass
Index (BMI), IIEF-5 score, SEARQ score, and QEQ score were
described as mean =+ standard deviation and compared by
the two-sample t-test. The significance threshold was set at
0.05 (two-tailed).

MRI Data Analysis

The MRI data were preprocessed and analyzed by Statistical
Parametric Mapping 12.0 (SPM12, http://www.fil.ion.ucl.ac.
uk/spm), Data Processing Assistant for Resting-State fMRI
(DPARSF) (40) (http://rfmri.org/DPARSF), and FC toolbox
(CONN)  (http://www.nitrc.org/projects/conn) working on
MATLAB 2013b (Mathworks Inc. USA).

MRI Data Preprocessing

The data preprocessing were carried out with DPARSE, including
(1) discarded the first 10 timepoints; (2) perfomed slice-timing
correction; (3) performed realignment and discarded the subjects
with a mean framewise displacement (FD) value exceeding

0.2mm or a maximum displacement greater than one voxel
size (41, 42); (4) reoriented the functional images and T1
images with six rigid-body parameters; (5) coregistered the
T1 images to functional space for each subject, respectively,
and performed new segment and DARTEL (diffeomorphic
anatomical registration through exponentiated lie algebra);
(6) regressed out nuisance covariates including linear trend,
white matter and cerebrospinal fluid signals, and head motion
parameters [Friston 24 parameter model (43, 44)]; (7) normalized
the functional images to MNI space and then resampled the
functional images to 3 mm cubic voxels; (8) smoothed images
with a 6 mm Gaussian kernel of full-width at half maximum; and
(9) performed temporal filtering (0.01-0.08 Hz) (45). Following
Yan et al.’s reccommendation (44), the scrubbing procedure was
conducted to remove the bad time points when performing FC
analysis. The bad time points were defined as those whose FD
was larger than 0.5 mm.

ALFF Analysis

The zALFF maps, which normalized with the normal z-
transformation, were applied to examine the differences of
the spontaneous cerebral activity between patients with pED
and HCs. The ALFF analysis was conducted with a two-
sample t-test via SPM12. The multiple-comparisons corrections
were performed based on Gaussian random field theory (46,
47) and the threshold was set to voxel-level p < 0.001
uncorrected and cluster-level p < 0.05 familywise error (FWE)
corrected (48).

ROI-Based FC Analysis

The voxels exceeding the established statistical threshold in the
ALFF analysis were selected as the ROI, and the ROI-based
FC analysis was performed with CONN. We first extracted
the average BOLD time-series of the ROI and calculated the
temporal synchronization between ROI and other voxels across
the whole brain. And then, transferred the correlation coefficients
into z-scores using Fisher’s transformation to allow for the
normal distribution. Again, the two-sample f-test with the
same statistical threshold as ALFF analysis was performed to
investigate the ROI-based FC performance of patients with pED
and HCs. Both age and BMI were controlled at ALFF and ROI-
based FC analysis.

Correlation Analysis

To investigate the associations between symptom severity,
psychosocial status, and brain functional alterations in pED,
the clusterwise correlation analyses were performed between
the ALFF/FC value and duration/ IIEF-5 score/ SEARQ score/
QEQ score in pED group, with age, BMI, and mean FD
controlled. The significance threshold was set to p < 0.05 with
Bonferroni corrected.

Mediation Analysis

Mediation analyses were conducted within SPSS 20.0 using
the PROCESS macro (49). A full mediation model (model 4)
was applied to examine the potential mediating role of the
psychosocial status (lower SEARQ score) on the relationship
between cerebral activity patterns and decreased erectile function
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TABLE 1 | The comparisons of demographic and clinical characteristics between patients with pED and HCs.

Age (Year) BMI Duration (Months) IIEF-5 SEARQ QEQ SAS SDS Mean FD
pED (n =31) 33.16 +5.89 22.16 4+ 1.87 33.06 + 28.67 1897 +£36 37.58+796 3548+ 1572 3524+792 3597 +802 0.122+0.037
HCs (n =24) 3117 +£6.57 22.7 £3.54 / 2221 +£0.98 6192 +3.73 81.36 £ 6.8 34.01 £5.33 33.49+526 0.113 4+ 0.451
p-value 0.241 0.467 / <0.001 <0.001 <0.001 0.515 0.196 0.385

No significant difference was obtained in age, BMI, SAS, SDS, and mean FD (p > 0.05). Patients with pED had lower IIEF-5 score, SEARQ score, and QEQ score than HCs (p <
0.001). pED, psychogenic erectile dysfunction; HCs, healthy controls; BMI, Body Mass Index; lIEF-5, International Index of Erectile Function 5; SEARQ), Self-esteem and Relationship
Questionnaire; QEQ, Quality of Erection Questionnaire;, SAS, Self-rating Anxiety Scale; SDS, Self-rating Depression Scale; FD, framewise displacement.
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FIGURE 1 | The group-differences of ALFF between patients with pED and HCs and the scatter plots of correlation analyses. Patients with pED demonstrated lower
ALFF in left dIPFC than HCs (voxel-level p < 0.001 uncorrected, cluster-level p < 0.05 FWE corrected, cluster size > 20 voxels). ALFF value of the left dIPFC was
positively correlated with IIEF-5 score and SEARQ score after adjusting age, BMI, and mean FD in pED group (o < 0.05, Bonferroni corrected, **). ALFF, amplitude of
low-frequency fluctuations; pED, psychogenic erectile dysfunction; dIPFC, dorsolateral prefrontal cortex; IIEF-5, International Index of Erectile Function 5; SEARQ,

(lower IIEE-5 score), with age, BMI, and mean FD included
as covariates. Similar to the previous studies (50, 51), the
non-parametric bootstrapping analysis was utilized to calculate
the desired statistic in each resample. Bias-corrected bootstrap
confidence intervals (CI) were estimated from 10,000 bootstrap
samples, and the mediation effects were considered statistically
significant if the bootstrapped 95% CI did not include zero.

RESULTS

All the participants completed the MRI scan. Two HCs were
excluded due to incomplete functional images. One patient and
two HCs were excluded due to excessive head motion. Therefore,
31 patients with pED and 24 HCs were included in the final data
analysis. There was no significant difference in mean FD between
patients and HCs (p > 0.05).

Demographic and Clinical Characteristics

There was no significant difference in age, BMI, SAS, and SDS
between patients with pED and HCs (p > 0.05). While patients
with pED had lower IIEF-5 score, SEARQ score, and QEQ score
than HCs (p < 0.001), which indicated the impaired erectile
function, damaged sexual relationships, decreased self-esteem,
and diminished erectile satisfaction in pED group (Table 1). In
addition, The IIEF-5 was found to be positively correlated with
the SEAR score (r = 0.688, p < 0.0001) and QEQ score (r = 0.754,

p < 0.0001), but not with the duration, SAS, or SDS in patients
with pED.

Between-Group ALFF Comparisons
Compared to HCs, patients with pED demonstrated significant
ALLF decrease at the left dIPFC (voxel-level p < 0.001
uncorrected, cluster-level p < 0.05 FWE corrected, cluster size >
20 voxels) (Figure 1, Table 2). No region with higher ALFF was
observed in pED group. The correlation analysis demonstrated
that the ALFF value of the left dIPFC was positively correlated
with the IIEF-5 score (r = 0.557, p = 0.0011) and SEARQ score
(r =0.504, p = 0.0038), while not with duration and QEQ scores
in patients with pED after controlling age, BMI, and mean FD
(Bonferroni correction, p < 0.05/4 = 0.0125) (Figure 1).

Between-Group FC Comparisons

The left dIPFC, which manifested significantly lower ALFF in
pED group, was selected as the ROL Compared to HCs, the
decreased FC were observed between the ROI and the left dIPFC,
left angular gyrus (AG), and left PCC and precuneus in patients
with pED (voxel-level p < 0.001 uncorrected, cluster-level p
< 0.05 FWE corrected, cluster size > 20 voxels) (Figure 2,
Table 3). No significantly increased FC between ROI and voxels
was found in pED group. The correlation analysis manifested that
the FC between ROI and left PCC and precuneus was positively
correlated with IIEF-5 score (r = 0.578, p = 0.0007) and SEARQ
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score (r = 0.607, p = 0.0003) in patients with pED after adjusting
the impacts of age, BMI, and mean FD (Bonferroni correction, p
< 0.05/12 = 0.0042). Furthermore, FC between ROI and left AG
was found to be associated with the IIEF-5 score (r = 0.459, p =
0.0094) and SEARQ score (r = 0.404, p = 0.0242) in patients with
pED at the threshold of uncorrected p < 0.05. However, the above
correlation results were no longer significant after Bonferroni
correction (Figure 2).

Given the significant correlation between the duration and
the SEARQ score (r = —0.513, p = 0.003), we conducted the
correlation analyses between neuroimaging data and clinical

TABLE 2 | Differences in ALFF between patients with pED and HCs.

Contrast Foci Voxels BA MNI coordinate (x,y, z) t-value
pED < HCs L dIPFC 22 46 -33 18 42 51 —-5.24
—33 24 _3.44

Patients with pED manifested lower ALFF in left dIPFC than HCs (voxel-level p <
0.0017 uncorrected, cluster-level p < 0.05 FWE corrected, cluster size > 20 voxels).
PED, psychogenic erectile dysfunction; HCs, healthy controls; L, left; dIPFC, dorsolateral
prefrontal cortex; BA, Brodmann area; MINI, Montreal Neurological Institute.

symptoms with duration as an additional covariate to exclude its
impact. These results are displayed at Supplementary Material.

Mediation Analysis

The mediation analyses demonstrated that the associations
between the altered brain activity synchronization and ED
symptoms were mediated through the psychosocial status after
controlling the impacts of age, BMI, and mean FD. Namely, the
SEARQ score mediated the influences of the dIPFC-left PCC and
precuneus connectivity on the IIEF-5 score (indirect effect =
0.3284; 95% CI: 0.0593-0.6694) (Figure 3A). Interestingly, the
total effect of left dIPFC-left PCC and precuneus connectivity
on IIEF-5 score was significant (Bc = 0.5937, p = 0.0013), but
after taking the significant mediation effect of SEARQ score into
consideration, the remaining direct effect of cerebral activity
on erectile function was reduced and no longer significant
(Bc* = 0.2652, p = 0.1559). Similarly, we also found the
fully mediating effect of SEARQ score on the relationships
between left dIPFC-left AG connectivity and IIEF-5 score
(indirect effect = 0.24; 95% CI: 0.0024-0.5117) (Figure 3B). No
significant mediation effect was found between ALFF value and
clinical measurements.
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FIGURE 2 | The group-differences of left dIPFC-based FC between patients with pED and HCs and the scatter plots of correlation analyses. Patients with pED
demonstrated decreased FC between the left dIPFC and left PCC and precuneus, left AG, and left dIPFC (voxel-level p < 0.001 uncorrected, cluster-level p < 0.05
FWE corrected, cluster size > 20 voxels). FC between the left dIPFC and left PCC and precuneus was positively correlated with IIEF-5 score and SEARQ score (p <
0.05, Bonferroni corrected, **), and FC between the left dIPFC and left AG was positively correlated with IIEF-5 score and SEARQ score (p < 0.05, uncorrected) after
adjusting age, BMI, and mean FD in pED group. FC, functional connectivity; dIPFC, dorsolateral prefrontal cortex; AG, angular gyrus; PCC, posterior cingulate cortex;
IIEF-5, International Index of Erectile Function 5; SEARQ, Self-esteem and Relationship Questionnaire.
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TABLE 3 | Differences of ROI-based FC between patients with pED and HCs.

Contrast Foci Voxels BA MNI coordinate (x, y, 2) t-value
L dIPFC 581 46 —-34 18 40 —-4.15
L AG 552 39 -38 —68 42 —5.55

pED < HCs L PCC 539 23/29/31 -8 -40 36 -3.82
L precuneus 31 -2 —64 28 —-3.77

Patients with pED manifested lower FC between ROI and left dIPFC, left AG, and left PCC and precuneus than HCs (voxel-level p < 0.001 uncorrected, cluster-level p < 0.05 FWE
corrected, cluster size > 20 voxels). pED, psychogenic erectile dysfunction; HCs, healthy controls; L, left; dIPFC, dorsolateral prefrontal cortex; AG, angular gyrus; PCC, posterior

cingulate cortex; BA, Brodmann area; MNI, Montreal Neurological Institute.

Bc’'= 0.2652

dIPFC-PCC &)~ = 0.1559 IIEF-5
precuneus ﬂc =0.5937
p = 0.0013

Indirect effect: Ba*Bb = 0.3284; 95%Cl: 0.0593~0.6694

Function 5; SEARQ, Self-esteem and Relationship Questionnaire.

FIGURE 3 | The results of mediation analyses. The SEARQ score fully mediated the impacts of left dIPFC-left PCC and precuneus connectivity (A) and left dIPFC-left
AG connectivity (B) on IIEF-5 score. dIPFC, dorsolateral prefrontal cortex; PCC, posterior cingulate cortex; AG, angular gyrus; IIEF-5, International Index of Erectile

B
/,%.
@Q//
Bc’=0.2182
[ dIPFC-AG | I
J Be=o0.4582
p =0.0141

Indirect effect: Ba*Bb = 0.24; 95%Cl: 0.0024~0.5117

DISCUSSION

This study investigated the associations among the cerebral
activity patterns, erectile function, and psychosocial status in
patients with pED. The current findings indicated that patients
with pED manifested not only the impaired erectile function and
disrupted psychosocial status, but also the lower spontaneous
activity in the left dIPFC and lower synchronous activity between
the left dIPFC and the left AG, left PCC and precuneus, and
left dIPFC compared to HCs. Moreover, we also found that
both the ALFF of left dIPFC and FC between left dIPFC and
left PCC and precuneus were positively correlated with the
sexual function and psychosocial status of patients with pED,
and that the disrupted psychosocial status fully mediated the
influence of altered brain activity synchronization on impaired
erectile function.

A great number of studies have indicated that the abnormal
psychosocial status was the important cause of pED, and that
patients with pED manifested significantly decreased self-esteem,
damaged sexual relationships, and diminished sexual confidence
than healthy men (52-54). The current findings illustrated that
patients with pED displayed symptom-related SEARQ scores
and QEQ scores decrease, which was consistent with previous
studies (54-56). They all indicated that patients with pED had
significant psychosocial disorders that were closely related to
the severity of symptoms. Another interesting finding of the
present study was that the psychological status fully mediated
the influences of atypical FC on the clinical symptoms. Namely,

the altered left dIPFC-left PCC and precuneus connectivity as
well as left dIPFC-left AG connectivity could indirectly affect
the clinical symptoms of pED patients by influencing their
psychological status. This contributed to the understanding of
the mechanisms behind the correlations between abnormal brain
functional synchronization and impaired erectile function, and
further enhanced our knowledge of the critical roles played by
psychosocial disorders in the pathogenesis of pED. To some
extent, this finding implied the rationale and feasibility of
modulating abnormal brain activity and regulating abnormal
psychosocial status to improve clinical symptoms of pED,
which has been tentatively demonstrated in several clinical
studies (57-59).

This result showed that patients with pED had reduced
spontaneous activity at the left dIPFC, and another study also
observed the aberrant activity patterns at dIPFC in patients
with pED (20). These two studies illustrated that the abnormal
functional activity in the dIPFC might be an important neural
pathological feature of pED. That dIPFC playing a critical
role in male sexual arousal and sexual behavior has been
extensively investigated in both healthy subjects and patients
(60-62). For example, researchers demonstrated that visual
sexual stimulus could significantly produce dIPFC activation
and that healthy males manifested higher and more rapid
dIPFC activation than females (63). Compared to HCs, patients
with problematic hypersexual behavior experienced stronger
sexual desire and higher dIPFC activation when exposed to
the visual sexual stimulus (64). In contrast, patients with
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hypoactive sexual desire disorder showed lower BOLD signal
activity in dIPFC during a similar stimulus (65). As the
core region of central executive network (CEN) (66), dIPFC
primarily implicates in response inhibition, cognitive control,
and attention (62). It was reported that patients with minor
dIPFC damage demonstrated disinterest in their surroundings
and inhibition in behavior (67). Sexual inhibition, as one of
the most critical characteristics of pED, has been found to be
associated with the dIPFC activity in the previous researches
(62, 68). In the current study, we found the abnormally
decreased activity at left dIPFC in patients with pED, and
the activity intensity of left dIPFC was positively correlated
with the sexual ability and sexual satisfaction. This result
identified that patients with pED had dIPFC-involved aberrant
sexual inhibition and insufficient cognition and attention to
sexual targets.

In addition to the altered spontaneous activity of the brain,
we also detected the decreased FC between the left dIPFC
and multiple key regions of default mode network (DMN) in
pED group, and the FC values of ROI to foci in DMN were
positively associated with the erectile function and psychosocial
status. These results suggested that the abnormal synchronization
of functional activity between dIPFC and regions of DMN
might contribute to the pathogenesis of pED. DMN is a high-
interconnected anatomical brain network that contains four
functional hubs: the PCC, the precuneus, the AG, and the
medial PFC (69, 70). DMN participates in regulating the male
erection (62, 71-73). The aberrances of some DMN regions
contribute to the abnormal sexual arousal and behavior patterns,
manifesting as pED (17, 19) and other sexual dysfunctions
(74, 75). DMN involves in many functions, such as self-
referential introspection, self-esteem, thinking about others,
remembering the past, and looking forward to the future (76—
78). As the core regions of DMN, the PCC and precuneus mainly
participate in autobiographical and emotional memories, as well
as the integration of self-evaluation, perception, memories, and
attention (69, 79, 80); while the AG engages in the manipulation
of mental representations and conceptual knowledge, and
helps with the recall of episodic memories (81, 82). The
erection is a complex physiological process involving perception,
introspection, cognitive, and affective components (83, 84). The
occurrence of pED is primarily related to traumatic memories,
as well as self-cognitive, affective, and interpersonal factors (9,
85). Therefore, in addition to the dIPFC-involved abnormal
sexual inhibition, it seemed that patients with pED might
also have DMN-related improper introspection, damaged self-
esteem, overthinking about nervous sexual relationships, and
undue consolidation and extraction of traumatic memories
about failed intercourses. In addition, the aberrant function
of DMN has been confirmed to be relevant to psychosocial
stress (86), major depression (87), posttraumatic stress disorder
(PTSD) (88), and many other psychosocial disorders (89, 90).
As a typical biopsychosocial illness, the incidence of pED
was inseparable from the influence of psychosocial factors,
such as performance anxiety, nervous sexual relationships, and
failed intercourse memories. Our present study found that the
disordered psychosocial status mediated the impacts of dIPFC-
DMN FC on impotence symptoms, which further illustrated

the close associations among the aberrant psychosocial status,
impaired erectile function, and altered cerebral activity patterns
in patients with pED.

To some degree, the current results appeared to be able
to deduce the viewpoint that patients with pED had aberrant
connectivity patterns between CEN and DMN. There are
complex connectivity and mutual interactions between CEN
and DMN (91). The DMN is responsible for the processing
of endogenous or self-referential mental activity, and the CEN
participates in the processing of exogenous or cognitively
demanding mental activity (92). CEN and DMN together
involve in cognitive control, self-emotion regulation, and
attention to the external and internal worlds. In our study,
patients with pED not only demonstrated the decreased
spontaneous activity of the CEN hub (dIPFC), but also
manifested the reduced synchronous activity between the
core regions of CEN and DMN. It indicated that patients
with pED had different CEN-DMN connectivity models from
healthy subjects. Similarly, the weak CEN-DMN connectivity
was also detected at many other psychosocial disorders, such
as major depression (93), PTSD (94), and acute stress (95).
Therefore, based on the previous findings and our current
results, we put forward the deduction that patients with pED
had decreased synchronous activity between the CEN and
the DMN.

Some limitations should be concerned in this study. First,
the sample size was relatively small; studies with larger samples
are encouraged to repeat the current findings. Second, because
no significant difference was found between patients with pED
and HCs in SAS and SDS scores, this study did not further
investigate the correlation or mediation effects of imaging data
and emotional condition. Third, patients enrolled in this study
were aged from 20 to 45 years old, so the findings reflected the
disease characteristics of younger patients only. As we know,
the incidence of ED increases significantly with age, and the
majority of cases are in the middle-aged and elderly population.
Therefore, future studies should pay more attention to older
pED patients.

CONCLUSION

In conclusion, this study demonstrated that patients with pED
had symptom-related abnormal psychosocial status, decreased
spontaneous activity in dIPFC, and damaged FC between dIPFC
and DMN, and that the disrupted psychosocial status fully
mediated the influence of aberrant dIPFC-DMN connectivity on
ED symptoms. This study widened our understanding of the
important role of psychosocial disorders in pathological neural
changes in patients with pED. The future intervention for pED
should fully consider the impacts of psychosocial disorders on
this disease.
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