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Abstract
Introduction Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) is characterized by chronic pain
in pelvic area and lower urinary tract symptoms (LUTS). Previous neuroimaging studies demonstrated
that chronic pain was associated with altered brain activity. However, the pathological mechanisms
associated with altered brain control of CP/CPPS is not well understood. Therefore, we sought to
investigate the topological properties of white matter brain networks in patients with CP/CPPS and
whether the topological con�guration of frontal-parietal control network was disrupted.

Methods We collected 19 patients with CP/CPPS and 32 matched healthy controls (HCs). Diffusion
tensor imaging data of all participates were used to map the white matter structural networks. Graph
theoretical method was applied to investigate the alterations of topological properties of brain network in
patients. Moreover, the associations between the alerted brain regions of patients and clinical
measurements were analysised by using Pearson correlation analyses.

Results Both CP/CPPS patients and HCs exhibited a 'small-world' behaviour or economical small-world
architecture of the white matter brain networks. In addition, CP/CPPS had a lower global e�ciency in the
right middle frontal gyrus (orbital part) and a higher global e�ciency in the left middle cingulate and
paracingulate gyri. CP/CPPS also showed decreased local e�ciency in the left middle cingulate and
paracingulate gyri and paracentral lobule. Moreover, the local e�ciency of the left middle cingulate gyrus
was positively correlated with the scores of the in�uence of symptoms on the quality of life. The local
e�ciency of the left precuneus and right supplementary motor area were positively correlated with the
total scores of NIH-CPSI and the scores of pain and discomfort symptoms, respectively.

Conclusion Together, we found that patients with CP/CPPS had alterations of connections within the
frontal-parietal control network, which suggested that the altered connectivity involved in the executive
control processing procedures might contribute to the pathogenesis of the pelvic pain and LUTS in
CP/CPPS. Thus these results providing new insights into the understanding of CP/CPPS.

1. Background
Prostatitis is a highly prevalent urologic condition, which is characterized by a wide range of pelvic pain
or discomfort and lower urinary tract symptoms (LUTS)[1]. Chronic prostatitis/Chronic pelvic pain
syndrome (CP/CPPS) is the most frequent form of prostatitis, which has a tremendous impacts on the
quality of life[2]. CP/CPPS is de�ned as a heterogeneous condition associated with pelvic pain, voiding
symptoms and/or sexual dysfunction, which last for at least 3 of the previous 6 months[3]. The diagnosis
and monitoring of CP/CPPS is often based on the investigations, such as structured symptom
assessment (the National Institutes of Health Chronic Prostatitis Symptom Index, NIH-CPSI)[3]. Moreover,
the diagnosis of CP/CPPS can be made after ruling out obvious etiologic causes, such as active
urethritis[4]. CP/CPPS is associated with a complex and heterogeneous etiology and its speci�c
pathophysiology has been incompletely understood[5]. Therefore, no speci�c and validated biomarkers
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for the diagnosis and severity assessment of CP/CPPS has been found so far. In addition, The
heterogeneity has made �nding effective treatment for CP/CPPS regimens challenging.

Recent evidence suggested that the etiologies of CP/CPPS included in�ammatory or nonin�ammatory
etiologies, such as autoimmune mechanisms, the peripheral sensitization caused by the in�ammation
factors and central neurologic mechanisms[6]. Additionally, CP/CPPS is also considered to be associated
with the psychological function including negative emotional, cognitive and behavioral consequences,
which have been found to in�uence the function and structure of the brain[7–9]. Therefore, both the
peripheral in�ammation or neurological damage and altered brain function can lead to impaired control
function of pelvic �oor neuromuscular and/or neuropathic pain[10–12]. The central nervous system has
been proved to play a vital role in the pain modulation[13]. Distinct patterns of pain related brain activation
have been found in both acute and chronic pain conditions[14]. Moreover, chronic pain often results from
a combination of peripheral and central processes, which produces long-term changes in how and where
pain is processed by the brain[15].

Control of the bladder and urethra also depends on the brain (supraspinal neuronal network), which
provides the ability to voluntarily voiding[16]. The function of brain regions controlling the voiding re�ex
were found to be abnormal when bladder sensation becomes strong in patients with disorders of bladder
control[17]. Previous neuroimaging study demonstrated that activity in frontal cortex, parietotemporal
lobe, cingulate gyrus, insula, parahippocampus and cuneus were correlated with the urgency incontinence
clinical severity[18, 19]. Functional magnetic resonance image (fMRI) study have also showed that the
activity of higher order cognitive control brain regions are increased in normal subjects during bladder
�lling and voiding[20]. Therefore, exploring the the brain regions associated with the LUTS is key to
identifying central abnormalities in patients with CP/CPPS.

Given previous evidence of abnormal function in CP/CPPS[8, 21], we predicted that CP/CPPS patients also
had disrupted the topological organization in the brain structural networks. Therefore, we applied a graph-
theoretical analysis to diffusion tensor imaging (DTI) data and compared the topological properties of
the white matter brain networks between patients with CP/CPPS and healthy controls (HCs). In particular,
we focused on the analysis of small-world e�ciency of the brain networks and examined whether the
altered brain regions were associated with the clinical variables of CP/CPPS.

2. Materials And Methods

2.1. Subjects
We recruited 19 right-handed patients with CP/CPPS, and 32 age, education matched right-handed HCs
(Table 1). This study was approved by the ethical committee of the A�liated Hospital of Nanjing
University of Chinese Medicine. Additionally, written informed consents were obtained from all
participats.



Page 5/20

Table 1
Demographic and clinical characteristics of CP/CPPS and HC.

Variables CP/CPPS
(n = 32)

HC
(n = 35)

t
value

P
value

Age (years) 38.11 ± 
9.02

33.94 ± 
8.53

1.65 0.11

Educational level (years) 14.05 ± 
2.61

14.25 ± 
1.92

-0.31 0.76

Total scores of NIH-CPSI 25.21 ± 
6.80

- - -

Scores of pain and discomfort symptoms 9.89 ± 4.07 - - -

Scores of symptom severity 16.00 ± 
5.11

- - -

Scores of urination symptom 6.11 ± 3.28 - - -

Scores of the in�uence of symptoms on the quality
of life

9.21 ± 2.78 - - -

CP/CPPS: chronic prostatitis/chronic pelvic pain syndrome; HCs: health controls. P < 0.05 indicated
signi�cant between-groups differences.

The inclusion criterias for patients with CP/CPPS were as follows: 1) 20–45 years old; 2) had complaints
about the symptoms of pelvic discomfort/pain for 3 or more months within the last 6months; 3) the total
scores of NIH-CPSI ≥ 15; 4) had negative prostate cultures. The exclusion criterias for all participats
consisted of the following: 1) had any sexual dysfunction; 2) had a history of head trauma; 3) had any
serious psychiatric and organic diseases including urological, neurological, cardiovascular, respiratory,
gastrointestinal, endocrine diseases, etc; 4) had a history of using of alcohol or any drugs that had
effects on the brain function or structure, such as psychotropic drugs; 5) had any contraindications to
undergo MRI scan.

In addition, the scale of NIH-CPSI was selected to assess the lower urinary tract symptoms (LUTS) and
pelvic pain or discomfort of all participates.The individual question scores, subdomain scores, and total
scores of the NIH-CPSI questionnaire were obtained.

2.2. MRI Data Acquisition
The T1-weighted images and DTI data were obtained by using a 3.0 T Siemens Verio scanner.
Anatomical images were performed with T1 weighted 3D sagittal acquisition (repetition time (TR),
1900 ms; echo time (TE), 2.48 ms; slice thickness, 1 mm; matrix size, 256 × 256; �eld of view (FOV),
250mm2 × 250mm2; �ip angle (FA), 9°; slice thickness, 1 mm)[22]. The whole-brain diffusion MRI sequence
using diffusion tensor spin echo planar imaging was acquired (TR, 6600 ms; TE, 93 ms, matrix size,128 × 
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128; FOV, 240mm2 × 240mm2; thickness, 3 mm; number of slices, 45). In addition, DTI datas were
acquired along 30 non-linear directions with gradient values b = 0 and 1000s/mm2[23].

2.3. MRI Data Preprocessing
T1-weighted images and DTI data were processed by using the Functional MRI of the Brain (FMRIB)
software Library (FSL) (FSL, http://www.fmrib.ox.ac.uk/fsl.html)[24]. Firstly, T1-weighted images were
segmented and DTI data were corrected for eddy current distortions and head motion by applying an
a�ne alignment of the diffusion-weighted images to the b0 images. Secondly, the diffusion tensor matrix
of all participates were calculated by solving the Stejskal and Tanner equation. Thirdly, the fractional
anisotropy (FA) of each voxel was calculated and FA maps of all participates were calculated. Finally,
individual diffusion-weighted images of all participant were coregistered to their T1-weighted images and
then were normalized to the Montreal Neurological Institute (MNI) space using a nonlinear
transformation.

In addition, to reconstruct the whole-brain white matter (WM) tracts, DTI tractography was carried out
using the diffusion toolkit (http://trackvis.org/dtk/) based on the Fiber Assignment by Continuous
Tracking (FACT) algorithm. Then the �ber tracts between brain regions were estimated. The propagation
of tractography was terminated if it turned an angle > 50◦ or reached a voxel with an FA < 0.2[25]. Finally,
the streamlines of all participates were normalized to the MNI-152 space.

2.4. Network Construction
The nodes and edges are the two basic elements of the brain network. The procedures of de�ning the
nodes and edges of the brain network have been previously described in previous neuroimaging
studies[26–28].

2.4.1. Node De�nition
In this study, the automated anatomical labeling (AAL) template was employed to segment the entire
brain into 90 regions of interest (ROIs) (45 cortical and subcortical regions for each hemisphere), each
representing a node of the brain network[29]. Therefore, the 90 ROIs were de�ned as the nodes of the brain
network.

2.4.1. Edge De�nition
The edges correspond to the structural connectivities between all possible pairs of brain regions. Two
ROIs were considered structurally connected when the �bers connected with these two regions ≥ 2 and
the length > 5mm[25]. The identi�ed structural connections were de�ned as the edges between the nodes
of the structural brain network. For the weighted brain network, we de�ned the the mean FA values of the
connected �bers between two ROIs as the weights of the structural brain network.

2.5. Brain Network Analysis
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2.5.1 Small-world e�ciency
The small-world property of the network were originally proposed by Wattz and Strogatz (1998)[30].
However, previous studies demonstrated the global e�ciency and local e�ciency were more suitable
parameters for characterizing the properties of small-world e�ciency of the weighted networks[31, 32].
Therefore, we employed the network e�ciency measures to quantify the small-world behaviour of the
structural brain networks in CP/CPPS, which supported the e�cient transfer of parallel information at
relatively low cost of the brain network (economical small-world properties).

The global e�ciency (E_glo_net) and local e�ciency (E_loc_net) of the brain network were calculated
using the brain connectivity toolbox, as well as the global e�ciency (E_glo_rand) and local e�ciency
(E_loc_rand) of the matched random networks[33]. More detailed interpretations of the method could be
found in previous studies[31, 33]. The brain network was considered to have the small-world behaviour if it
met the following criterias: E_glo_normal = E_glo_net/E_glo_rand ≈ 1 and E_loc_normal = 
E_loc_net/E_loc_rand > 1, Where E_glo_normal and E_loc_normal were the normalized global and local
e�ciency values of the brain networks[28].

2.5.2 Network and regional nodal e�ciency
Two measures for the nodal (regional) characteristics of structural networks were quanti�ed: the nodal
local e�ciency and global e�ciency.

The nodal global e�ciency was computed as the inverse of the mean harmonic shortest path length
between this brain region and all other regions in the brain network. The nodal local e�ciency was the
global e�ciency of the subgraph of the neighbors of this brain region. More detailed about the
calculation of these two parameters had been described in previous studies[31, 33].

The nodal global e�ciency could quantify the importance of the brain region for communication within
the brain network, which indicated the level of its role for the hub region. The nodal local e�ciency could
measure the fault tolerance of the brain region, which indicated how well the information was
communicated between the neighbors of a brain region when that region was removed.

2.6. Statistical Analysis
Statistical analysis was performed using SPSS 20 software (Chicago, IL, USA). To determine the
signi�cant differences of the brain network properties between groups, an analysis of two-sample t-test
was conducted (The threshold value for establishing signi�cance was set at P < 0.05). To correct for
multiple comparisons, P was subjected to a false-discovery rate (FDR) threshold of q = 0.05. In addition,
the correlations between the network properties and the clinical variables (the scores of NIH-CPSI) of
CP/CPPS patients were assessed using the Pearson correlation (The statistical signi�cance threshold of
was set at P < 0.05 (uncorrected)).
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3. Results

3.1. Small-world e�ciency of the WM brain networks in
CP/CPPS
Graph theoretical analysis revealed that the WM brain networks of both CP/CPPS and HCs had a much
higher local e�ciency (CP/CPPS: t = 15.63,P = 0.00; HCs: t = 31.84, P = 0.00) and a similar global
e�ciency (CP/CPPS: t=-1.69,P = 0.10; HCs: t= -1.49, P = 0.14) compared with those of the matched
random networks (Table 2; Fig. 1A). In other words, compared with HCs, the CP/CPPS WM brain networks
also exhibited a 'small-world' behaviour or economical 'small-world' properties, which was indicative high
topological e�ciency (Table 2; Fig. 1A). Therefore, the WM brain networks demonstrated e�cient small-
world architecture and had an economical behaviour for both CP/CPPS and HCs, which supported the
e�cient transfer of parallel information of the brain networks at relatively low cost. In addition, there were
no statistically signi�cant differences between the two groups in the values of small-world e�ciency
(t=-0.23, P = 0.82) (Table 2; Fig. 1B).

Table 2
Small-world e�ciency of WM brain networks and between-group differences.

  CP/CPPS HCs t P

Global e�ciency E_glo_net 0.13 ± 0.028 0.13 ± 0.013 -0.32 0.75

E_glo_ rand 0.14 ± 0.031 0.14 ± 0.014 -0.15 0.88

E_glo_ normal 0.89 ± 0.023 0.89 ± 0.020 -1.14 0.26

Local e�ciency E_loc_net 0.23 ± 0.047 0.22 ± 0.028 0.81 0.42

E_loc_rand 0.054 ± 0.013 0.050 ± 0.0099 1.34 0.19

E_loc_ normal 4.45 ± 1.30 4.57 ± 0.94 0.42 0.71

Small-world e�ciency 5.03 ± 1.52 5.12 ± 1.10 -0.23 0.82

CP/CPPS: chronic prostatitis/chronic pelvic pain syndrome; HCs: health controls; WM: white matter;
E_glo_net: the global e�ciency of the brain network; E_glo_rand: the global e�ciency of the matched
random networks; E_glo_normal: the normalized global e�ciency of the brain network; E_loc_net: the
local e�ciency of the brain network; E_loc_rand: the local e�ciency of the matched random networks;
E_loc_normal: the normalized local e�ciency of the brain network. P < 0.05 indicated signi�cant
between-groups differences.

3.2. Network e�ciency of the whole brain in CP/CPPS
The small-world e�ciency parameters included the network local e�ciency and network global e�ciency,
as well as the normalized network local e�ciency and normalized network global e�ciency. However,
compared with HCs, the CP/CPPS patients exhibited no signi�cant differences in the values of the
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network local (t = 0.81, P = 0.42) and global e�ciency (t=-0.32, P = 0.75) (Table 2; Fig. 1C). Moreover, there
were also no signi�cant differences of the normalized network local (t = 0.42, P = 0.71)and global
e�ciency (t=-1.14, P = 0.26) between CP/CPPS and HCs (Table 2; Fig. 1D).

3.3. Regional nodal e�ciency of the brain networks in
CP/CPPS
To determine the regional nodal characteristics of the WM structural networks in the CP/CPPS patients,
we computed two measures of e�ciency: the nodal local e�ciency and global e�ciency.

Compared with HCs, patients with CP/CPPS had a lower global e�ciency in the right middle frontal gyrus
(orbital part) (survived FDR-correction) and a higher global e�ciency in the left middle cingulate and
paracingulate gyri (survived FDR-correction) (Table 3; Fig. 2A). However, the between-group differences
(uncorrected P < 0.05) of the left supplementary motor area, postcentral gyrus and paracentral lobule did
not survive FDR-correction (Table 3; Fig. 2A).



Page 10/20

Table 3
Brain regions with abnormal nodal global and local e�ciency in patients with CP/CPPS.

Brain regions CP/CPPS HCs t P

Global e�ciency        

Frontal ORBmid.R 0.095 ± 0.046 0.13 ± 0.015 -3.71 0.00052

SMA.L 0.12 ± 0.023 0.11 ± 0.014 2.07 0.044

DCG.L 0.16 ± 0.027 0.14 ± 0.019 3.52 0.00096

Parietal PoCG.L 0.14 ± 0.022 0.12 ± 0.018 2.88 0.0059

PCL.L 0.13 ± 0.019 0.11 ± 0.015 2.71 0.0092

Local e�ciency        

Frontal PreCG.L 0.27 ± 0.047 0.22 ± 0.049 2.92 0.0053

ORBmid.R 0.19 ± 0.10 0.25 ± 0.050 -2.84 0.0066

SMA.L 0.24 ± 0.093 0.19 ± 0.061 2.33 0.024

SMA.R 0.21 ± 0.11 0.15 ± 0.074 2.36 0.022

DCG.L 0.25 ± 0.075 0.19 ± 0.036 3.76 0.00045

DCG.R 0.21 ± 0.071 0.17 ± 0.052 2.70 0.0095

Parietal PCG.L 0.32 ± 0.10 0.27 ± 0.079 2.11 0.040

PoCG.L 0.26 ± 0.053 0.22 ± 0.045 2.82 0.0069

SPG.L 0.27 ± 0.057 0.23 ± 0.057 2.51 0.015

SMG.R 0.25 ± 0.026 0.23 ± 0.035 2.076 0.043

PCUN.L 0.26 ± 0.073 0.22 ± 0.049 2.30 0.025

PCL.L 0.25 ± 0.088 0.17 ± 0.065 3.83 0.00036

Temporal PHG.R 0.19 ± 0.076 0.15 ± 0.056 2.019 0.049

STG.R 0.24 ± 0.029 0.21 ± 0.033 2.66 0.011

CP/CPPS: chronic prostatitis/chronic pelvic pain syndrome; HCs: health controls; L: left; R: right;
ORBmid: middle frontal gyrus (orbital part); SMA: supplementary motor area; DCG: middle cingulate
and paracingulate gyri; PoCG: postcentral gyrus; PCL: paracentral lobule; PreCG: precental gyrus;
SMA: supplementary motor area; PCG: posterior cingulate gyrus; PHG: parahippocampal gyrus; SPG:
superior parietal gyrus; SMG: supramarginal gyrus; PCUN: precuneus; STG: superior temporal gyrus. P 
< 0.05 indicated signi�cant between-groups differences. Bold font indicated the between-group
differences survived FDR-correction.
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Morover, CP/CPPS patients showed decreased local e�ciency in the left middle cingulate and
paracingulate gyri (survived FDR-correction) and paracentral lobule (survived FDR-correction) (Table 3;
Fig. 2B). The differences of local e�ciency (uncorrected P < 0.05) in the left precental gyrus,
supplementary motor area, posterior cingulate gyrus, postcentral gyrus, superior parietal gyrus and
precuneus, right middle frontal gyrus (orbital part), supplementary motor area, middle cingulate and
paracingulate gyri, supramarginal gyrus, parahippocampal gyrus and superior temporal gyrus did not
survive FDR-correction (Table 3; Fig. 2B).

3.4. Relationships between altered nodal e�ciency and
NIH-CPSI
In the patient group, the local e�ciency of the left middle cingulate gyrus (survived FDR-correction) was
positively correlated with the scores of the in�uence of symptoms on the quality of life (r = 0.60; P = 
0.0065) (Fig. 3A). In addition, the local e�ciency of the left precuneus (not survived FDR-correction) (r = 
0.46; P = 0.045) and right supplementary motor area (not survived FDR-correction) (r = 0.47; P = 0.043)
were positively correlated with the total scores of NIH-CPSI and the scores of pain and discomfort
symptoms, respectively (Fig. 3B&C).

4. Discussion
In the present study, our results showed that the white matter brain networks of CP/CPPS patients had
economical small-world architecture. In addition, disrupted regional topological organization, including
nodal local and global e�ciency of the brain network were found in patients with CP/CPPS,
predominantly in the frontal-parietal control network. Moreover, the abnormal local e�ciency of frontal-
parietal network were associated with the scores of NIH-CPSI of CP/CPPS patients. These �ndings
provide new insights into the understanding of the structural architecture of the white matter brain
networks in patients with CP/CPPS.

Previous neuroimaging studies demonstrated that human brain had a small-world architecture, which
was capable of e�ciently transferring information at a low wiring cost[34, 35]. Moreover, human brain has
two organizational principles (functional segregation and integration), which support the balance
between local specialization and global integration of brain structural and functional connectivity[36, 37].
Therefore, the abnormal small-world e�ciency might lead to the impaired segregated and integrated
information processing of the brain network, which are associated with the failure of functional
integration within the brain[31].

However, we found that the overall small-world network e�ciency (network e�ciency metric) in CP/CPPS
was not disrupted, while regional e�ciency (nodal e�ciency metric) was impaired in speci�c brain
regions of the frontal-parietal control network. The results of economical small-world architecture
demonstrated that the brain structural networks of CP/CPPS patients had high global and local e�ciency
of parallel information processing at a low wiring cost. The results of nodal e�ciency suggested that the
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brain of CP/CPPS was not optimally organized to support distributed and modularized information
processing within the frontal-parietal control network. Therefore, our �ndings suggested that the brain of
CP/CPPS patients had the principle of parallel information processing at a low cost, which was
compatible with previous neuroimaging studies. However, the optimal balance between local
specialization and global integration within the frontal-parietal control network was impaired.

Although the white matter brain networks of CP/CPPS retained a small-world topology, the nodal global
and local e�ciency were impaired within the frontal-parietal control network. The global e�ciency of the
structural brain network is predominantly associated with long range white matter connections, which
ensurs rapid interactions of information between remote brain regions involved in the cognitive
processes[38, 39]. Lower global e�ciency was found in the right middle frontal gyrus (orbital part) of
CP/CPPS in our study, which suggested fewer long range connections were connected with the right
middle frontal gyrus (orbital part). The frontal gyrus are involved in the process of executive control and
the pain processing in human brain[40, 41]. Previous evidence demonstrated that pain catastrophizing had
an in�uence on symptom severity of CP/CPPS patients[42, 43]. Previous studies showed that higher pain
catastrophizing was associated with the abnormal structure of the the prefrontal cortex of CP/CPPS
patients[21, 44]. Therefore, the white matter lesions within the long range connections might be associated
with the the pelvic pain or discomfort of CP/CPPS.

In addition, CP/CPPS had a higher global e�ciency in the left middle cingulate and paracingulate gyri.
The middle cingulate is involved in different aspects of pain processing of patients with chronic pain,
especially pain-related memory processes and involved in the cortical mechanism of pain sensitization[45,

46]. In addition, the middle cingulate is also associated with the sensory processing of pain, particularly
with pain intensity[46]. Therefore, the increased global e�ciency of left middle cingulate might lead to the
higher level of chronic pain in CP/CPPS patients.

Moreover, CP/CPPS patients had decreased local e�ciency in the left middle cingulate and paracingulate
gyri and paracentral lobule. The local e�ciency is predominantly associated with short range white
matter connections between neighboring brain regions, which mediates modularized information
processing between nearby brain regions[31]. Therefore, brain regions with aberrant local e�ciency are
considered to be vulnerable to adjacent white matter lesions and decreased local e�ciency also re�ects
disrupted topological organizations of the brain networks in patients with CP/CPPS. Our results about the
impaired local e�ciency within the frontal-parietal control network suggested that CP/CPPS patients also
had white matter lesions within the short range connections, which might be involved in the pain
modulation process.

Finally, the impaired local e�ciency of middle cingulate gyrus was associated with the reduced quality of
life in CP/CPPS patients. The aberrant local e�ciency within frontal-parietal control network was also
related to the disease severity and pain symptoms. The catastrophizing and behavioural pain coping
strategies are considered to be predictors for chronic pain in pelvic area and quality of life of CP/CPPS
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patients. Therefore, these results provided evidence that anatomical brain abnormalities were related to
the clinical features of CP/CPPS.

5. Conclusion
In this study, our results demonstrated that the brain structural networks of CP/CPPS exhibited
economical small-world properties, which was characterized by a high local and global e�ciency at a
relatively low wiring cost. However, disrupted nodal local and global e�ciency were found in the frontal-
parietal control network of patients with CP/CPPS.The impaired nodal e�ciency re�ected white matter
lesions within the short and long range connections and disrupted structural organization of spatially
distributed brain regions. These �ndings further elucidated changes occurring in the structural
architecture of the brain in patients with CP/CPPS.
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Figure 1

Topological organization of the whole WM brain network in CP/CPPS CP/CPPS: chronic
prostatitis/chronic pelvic pain syndrome; HCs: health controls; WM: white matter. A and B: the small-world
e�ciency of the brain networks in CP/CPPS; C and D: the network e�ciency of the whole brain in
CP/CPPS. E_glo_net: the global e�ciency of the brain network; E_glo_ rand: the global e�ciency of the
matched random networks; E_glo_ normal: the normalized global e�ciency of the brain network;
E_loc_net: the local e�ciency of the brain network; E_loc_ rand: the local e�ciency of the matched
random networks; E_loc_ normal: the normalized local e�ciency of the brain network. P<0.05 indicated
signi�cant between-groups differences. Red dotted box indicated that the brain networks of both
CP/CPPS and HCs had a much higher local e�ciency compared the matched random networks
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Figure 2

Regional nodal e�ciency of the WM brain networks in CP/CPPS A: brain regions with abnormal global
e�ciency in CP/CPPS; B: brain regions with abnormal local e�ciency in CP/CPPS. L: left; R: right;
ORBmid: middle frontal gyrus (orbital part); SMA: supplementary motor area; DCG: middle cingulate and
paracingulate gyri; PoCG: postcentral gyrus; PCL: paracentral lobule; PreCG: precental gyrus; SMA:
supplementary motor area; PCG: posterior cingulate gyrus; PHG: parahippocampal gyrus; SPG: superior
parietal gyrus; SMG: supramarginal gyrus; PCUN: precuneus; STG: superior temporal gyrus. P<0.05
indicated signi�cant between-groups differences. Violet dots indicated the between-group differences
survived FDR-correction; green dots indicated the between-group differences did not survive FDR-
correction; gray dots indicated no between-group differences.
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Figure 3

Relationships between altered nodal e�ciency and NIH-CPSI Solid scatter indicated the correlation
analysis of the altered brain regions that survived FDR-correction; hollow scatter indicated the correlation
analysis of the altered brain regions that did not survive FDR-correction. P<0.05 indicated signi�cant
between-groups differences.


