
Page 1/19

Alterations in functional connectivity and
interactions in resting-state networks in female
patients with functional constipation
Lei Zhang 

Xidian University
Yuyao Liu 

Air Force Medical University Xijing Hospital: Xijing Hospital
Guanya Li 

Xidian University
Xiaofang Yi 

Air Force Medical University Xijing Hospital: Xijing Hospital
Yang Hu 

Xidian University
Zongxin Tan 

Xidian University
Zhenzhen Jia 

Xidian University
Hao Li 

Xidian University
Shuai Lv 

Xidian University
Karen M. von Deneen 

Xidian University
Junwang Zhang 

Air Force Medical University Xijing Hospital: Xijing Hospital
Shijun Duan 

Air Force Medical University Tangdu Hospital
Guangbin Cui  (  861537506@qq.com )

Air Force Medical University Tangdu Hospital
Yi Zhang  (  zyrisk@163.com )

Xidian University https://orcid.org/0000-0003-0859-9735
Yongzhan Nie  (  1735503189@qq.com )

Air Force Medical University Xijing Hospital: Xijing Hospital

https://doi.org/10.21203/rs.3.rs-451507/v1
mailto:861537506@qq.com
mailto:zyrisk@163.com
https://orcid.org/0000-0003-0859-9735
mailto:1735503189@qq.com


Page 2/19

Research Article

Keywords: functional constipation, functional connectivity, independent component analysis, resting-
state fMRI, resting-state network

Posted Date: May 5th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-451507/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-451507/v1
https://creativecommons.org/licenses/by/4.0/


Page 3/19

Abstract
Patients with functional constipation (FCon) have been reported with brain functional abnormalities. The
associations between constipation symptoms and brain functional connectivity (FC) in these patients are
not well understood. Here we used functional magnetic resonance imaging (MRI) to examine FC
alterations between resting-state networks (RSNs) and their associations with constipation symptoms in
patients with FCon. The investigation of these characteristics might help to reveal the underlying neural
mechanisms. Functional MRI with independent component analysis was applied to investigate
alterations in FC within and functional network connectivity (FNC) between RSNs including default mode-
(DMN), basal ganglia- (BGN), salience- (SN), left and right control executive-network (LCEN/ RCEN) in 39
female patients with FCon and 36 female healthy controls (HC). Patient Assessment of Constipation
Quality of Life Scale (PAC-QOL) and Patient Assessment of Constipation Symptom Scale (PAC-SYM)
were used to assess the constipation symptoms. Results showed that FCon patients had changed
regional FC between different networks contributed to the abnormal FNCs among RSNs compared with
HC. Patients with greater stool syndromes had increased FNC of BGN-SN and DMN-LCEN, and patients
with greater worries/concerns and PAC-QOL total score had reduced FNC of SN-RCEN. The greater
strength changes of FC in prefrontal and in parietal cortices were associated with higher negative
emotion scores and greater rectal symptoms respectively. Our functional MRI suggested that FCon
patients had altered FC within and interaction between RSNs and the brain FC changes were associated
with constipation symptoms and altered emotions.

Introduction
Functional constipation (FCon) is a type of functional gastrointestinal disorder (FGID) (De Giorgio et al.,
2015; Koppen et al., 2015) with a prevalence of 9.5% (Koppen et al., 2018; Mugie et al., 2011). FCon
occurs with a higher incidence rate in female patients than in males (2.1:1) (Mugie et al., 2011) that it is
important to focus on the impact of FCon on their physical and mental health.

Patients with FGID have been reported to associate with brain functional and structural alterations
(Blankstein et al., 2010; Kwan et al., 2005; Lee et al., 2017). One functional magnetic resonance imaging
(MRI) study on patients with FCon exhibited increased brain activities involved with emotional
modulation and decreased activities involved with somatic sensory processing (Zhu et al., 2016). Another
structural MRI study reported that patients with FCon had diminished regional cortical thickness (Hu et
al., 2020). One recent publication revealed sex difference in resting state brain activity (Jin et al., 2019).
Subsequent seed correlation analysis showed that female FCon had weaker functional connectivity (FC)
of insula (INS)-orbitofrontal cortex (OFC) than males, which was negatively correlated with the anxiety in
female FCon and with abdominal distension in male FCon group (Jin et al., 2019). These MRI studies
revealed the impact of FCon on brain functions and structures, particularly the sex-related FC differences
in patients with FCon.
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The measures of FC within and interaction between resting-state networks (RSNs) have been shown a
better technique to represent intrinsic functional organization of the brain (Kelly et al., 2008; Seeley et al.,
2007). It has been shown in patients with FGID (Gupta et al., 2014; Hong et al., 2016; Icenhour et al., 2017;
Liu et al., 2016) and obesity (Ding et al., 2020) that reported abnormal interactions among RSNs with
disordered symptoms and emotion. One study in female patients with irritable bowel syndrome (IBS)
suggested that visceral sensitivity was related to alterations in FC within RSNs associated with sensory
processing and interoception (Icenhour et al., 2017). Patients with IBS had greater brain activations in
regions implicated in affective and attentional regulation, and altered brain response during cued pain
conditions (Hong et al., 2016). Patients with IBS also showed increased FC within the salience network
(SN) (Gupta et al., 2014) and greater activation to rectal distention is associated with enhanced coupling
of SN with the default mode network (DMN) and control executive network (CEN) in key brain regions (Liu
et al., 2016). These studies revealed alterations in FC strength within RSNs and their association with
symptoms in patients with FGID. To our knowledge, no study has been performed to examine the FCon
symptoms associated abnormalities in RSNs.

In the current study, resting-state functional MRI (fMRI) with independent component analysis (ICA) was
employed to examine FC strength within and functional network connectivity (FNC) (Jafri et al., 2008)
between RSNs in 39 female patients with FCon and 36 female HC. Five RSNs, including the basal ganglia
network (BGN), SN, left and right control executive-network (LCEN/ RCEN), and DMN were �rst identi�ed,
and FNC was then used to examine the interactions between these RSNs. We hypothesized that patients
with FCon had altered FC within and interactions between RSNs and these alternations were associated
with constipation symptoms.

Materials And Methods

Participants
The experimental protocol was approved by the Institutional Review Board of Xijing Hospital and was
registered in the Chinese Clinical Trial Registry Center as: ChiCTR-OOB-15006347 (http: //www.
chictr.org.cn). The experiments were conducted in accordance with the Declaration of Helsinki. Female
patients with FCon were recruited from a clinical site at Xijing Hospital a�liated with the Fourth Military
Medical University in Xi'an, China, and female healthy subjects were recruited from the local community.
An experienced gastroenterologist diagnosed FCon based on Rome IV criteria (Drossman, 2016). The
current study included FCon patients with a variety of major bowel habits including functional defecatory
disorders, slow transit constipation, and a combination of the two types. FCon patients with the following
symptoms were excluded, including medical/ mental /neurological disorders requiring immediate
treatment, constipation after childbirth, pelvic �oor muscle relaxation/ congenital giant colon/redundant
sigmoid colon, and current medications that could affect the central nervous system. All the subjects
received a complete physical exam with history and signed an informed consent form. Thus, 39 female
patients with FCon (right-handed, age 37.3 ± 1.7 years) and 36 female healthy controls (right-handed, age
41.8 ± 2.5 years, Table 1) were included in the current study.
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Table 1
Demographic and clinical information of patients with functional constipation and healthy control

subjects.

  FCon (N = 39) HC (N = 36) T value P value

  (Mean ± SE) (Mean ± SE)    

Age (yrs) 37.3 ± 1.7 41.8 ± 2.5 -1.463 0.148

STAI SAI (0–80) 46.5 ± 1.8 32.1 ± 2.0 5.520 < 0.001

TAI (0–80) 47.3 ± 1.4 32.8 ± 1.7 6.690 < 0.001

Stool symptoms (0–8) 4.7 ± 0.4 N/A N/A N/A

Rectal symptoms (0–28) 11.2 ± 1.2 N/A N/A N/A

Abdominal symptoms (0–12) 4.4 ± 0.4 N/A N/A N/A

PAC-SYM total score (0–48) 20.2 ± 1.7 N/A N/A N/A

Physical discomfort (0–20) 14.6 ± 0.4 N/A N/A N/A

Psychosocial discomfort (0–40) 21.3 ± 0.9 N/A N/A N/A

Worries/concerns (0–55) 36.3 ± 1.2 N/A N/A N/A

Satisfaction (0–25) 18.4 ± 0.8 N/A N/A N/A

PAC-QOL total score (0-140) 90.7 ± 2.2 N/A N/A N/A

Abbreviation: FCon, functional constipation; HC, healthy controls; SE, standard error, SAI, ZUNG State
Anxiety Inventory; TAI, ZUNG Trait Anxiety Inventory; PAC-SYM, Patient Assessment of Constipation
Symptom Scale; PAC-QOL, Patient Assessment of Constipation Quality of Life Scale.

All participants were required to complete the state-trait anxiety inventory (STAI) to assess their severity
of anxiety. They were also asked to complete the Patient Assessment of Constipation Symptom (PAC-
SYM) (Frank, 1999) and Patient Assessment of Constipation Quality of Life Scale (PAC-QOL) (Marquis et
al., 2005) to assess patients’ constipation symptoms and quality of life.

MRI acquisition
The experiment was carried out using a 1.5T Signa HDXT (GE, Milwaukee, WI, USA) scanner. Parameters
of the high-resolution three-dimensional T1-weighted imaging were as follows: TR = 9.1 ms, TE = 3.0 ms,
slice thickness = 1 mm and 248 slices, matrix size = 256×256, and �eld-of-view = 512×512 mm2. Gradient
echo T2*-weighted echo planar imaging sequence was used to obtain resting-state functional images
with the following parameters: TR = 2000 ms, TE = 40 ms, �eld-of-view = 256×256 mm2, matrix size = 
64×64, 29 axial slices, �ip angle = 90 degree, and isotropic resolution of 4 mm3. The scan for resting-state
fMRI lasted 400 seconds and participants were instructed to open their eyes during the scanning.

Image processing
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The fMRI data were preprocessed using Statistical Parametric Mapping 12. The �rst �ve time points were
removed to ensure magnetization equilibrium; and slice-timing and head movement correction were
performed (Zhang et al., 2019). Then, the images were normalized to the Montreal-Neurological-Institute
(MNI) template (voxel size of 3 mm3) (Friston et al., 1995) and smoothed with an isotropic Gaussian
kernel (full-width-at-half-maximum = 6 mm3) (Yu et al., 2017). For the FC analysis, additional head motion
parameters, global signals, white-matter signals, and cerebrospinal �uid were regressed out as nuisance
covariates (Power et al., 2014). Scrubbing method (FD > 0.5 mm, ΔBOLD of DVARS > 0.5%) was used to
remove the fMRI time points that were severely affected by motion, (Power et al., 2014) and less than 5%
of time points were scrubbed for each subject. In the end, high-frequency noise and low frequency drift
were eliminated using band-pass �lter (0.01-0.1Hz).

Independent Component Analysis (ICA)
The smooth fMRI data were analyzed by using the spatial group ICA (Calhoun, 2001) of the fMRI Toolbox
(GIFT) software version 3.0b (Calhoun et al., 2009) to identify spatial independent and temporally
coherent networks. First, resting-state fMRI data of 39 female patients with FCon and 36 female HC were
concatenated by principal component analysis and 26 principal components were obtained by using a
minimum description length approach. Then, the Infomax ICA algorithm (Bell and Sejnowski, 1995) was
repeated 20 times in ICASSO to verify the robustness of the ICA decomposition. Finally, these 26
independent components (ICs) were individually backreconstructed for each participant. The resulting
image maps and time courses were converted into z-scores. Calculating the spatial correlation between
ICs and templates (Stanford’s Functional Imaging in Neuropsychiatric Disorders Lab;
http://�ndlab.stanford.edu/ functional_ROIs.html), we selected the components which showed highest
correlation with the templates (Shirer et al., 2012).

FNC analysis
We used the FNC toolbox (TRENDS Center, version 2.3a) to calculate the temporal correlation between
�ve RSNs (Jafri et al., 2008). The maximal lagged correlation approach that lag varied between − 3 to 3
seconds at 3/25 second intervals was conducted to estimate pairwise correlations between the �ve
selected ICs (in total 10 combinations). The differences in FNC were tested via a two-sample t-test.

Group difference within RSNs
Among the 26 components, �ve components were selected as �ve RSNs, including DMN, BGN, SN, LCEN,
and RCEN. For each RSN, a mask was de�ned by conducting a one-sample t-test of the Z-maps from the
two groups. In order to calculate the differences between two groups, we performed a two-sample t-test
(P < 0.05, false wise error-FWE corrected) on the Z-maps of the �ve RSNs within the corresponding masks.

FC analysis within RSNs with group differences in FNC
Within the RSNs which showed group differences in FNC, the regions-of-interest (ROIs) which belong to
the key hubs in RSNs were de�ned by conducting a one-sample t-test of the Z-maps from the two groups.
The voxels centered at the Talairach coordinate with a peak t score and its surrounding voxels within a
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radius of 6 mm were selected for further correlation analyses. Furthermore, the signi�cance of group
differences in pairwise correlations from all ROIs was tested using two-sample t-test to assess abnormity
within RSNs between patients with FCon and HC.

Clinical measurement correlation
Correlation analysis were used to calculate the association between imaging data and clinical
measurements in patients with FCon. The FNC between the selected RSNs and their correlations with
clinical measurements can be acquired. Bonferroni correction was used for multiple comparisons (P < 
0.002 (0.05/27)). On the other hand, the FC strengths between ROIs and their correlations with clinical
measurements were also conducted. Bonferroni correction was used for multiple comparisons (P < 0.003
(0.05/18)).

Results

Demographic characteristics
There was no signi�cant difference in age between patients with FCon and HC groups (P > 0.05, Table 1).
SAI and TAI were higher for patients with FCon than for HC (P < 0.001, Bonferroni corrected). PAC-SYM
and PAC-QOL scores of the FCon group are also shown in Table 1.

Identi�cation of RSNs
In the ICA analysis, 26 components were extracted from patients with FCon and HC groups. We
calculated the spatial correlation between the ICs and the anatomical masks of each network to
determine which ICs had the strongest spatial correlation with functional networks of interest (DMN, BGN,
SN, LCEN, and RCEN). The ICs showed the highest correlation with these RSNs were IC17 (DMN, r = 
0.61991), IC5 (BGN, r = 0.13772), IC15 (SN, r = 0.53556), IC22 (LCEN, r = 0.63165), and IC19 (RCEN, r = 
0.55784).

FNC analysis
One-sample t-tests showed that ten connections with positive and signi�cant correlation coe�cients in
both FCon and HC groups (Fig. 1A a, b). Same orientations of the arrow were observed in both groups
(Fig. 1B a, b). Two-sample t-test revealed that two network connections of SN-BGN (P = 0.0032, t = 3.049)
and DMN-LCEN (P = 0.0044, t = 2.938) had a signi�cant stronger FNC in FCon than that in HC (Fig. 1A c).
The SN-RCEN (P = 0.0049, t=-2.905) connection had a signi�cant stronger FNC in HC than that in FCon
(Fig. 1A c).

FC analysis within RSNs
Two-sample t-test of FNC showed signi�cant differences in FNC in three connections of the SN-BGN (P = 
0.0032, t = 3.049), SN-RCEN (P = 0.0049, t=-2.905), and DMN-LCEN (P = 0.0044, t = 2.938). Two-sample t-
test on the Z-maps of the �ve RSNs within corresponding masks showed there was no signi�cant
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difference between the two groups. Then, a one-sample t-test of the Z-maps from the two groups was
performed in these �ve RSNs, and ROIs (center at the coordinates of the peak value with a 6mm radius)
which represent the key hubs of each RSN were de�ned correspondingly. For the DMN, ventromedial
prefrontal cortex (VMPFC), precuneus (PCUN), left-(ANG_L), and right angular gyrus (ANG_R) were
selected. For the SN, left-(INS_L) and right insula (INS_R), and ACC were selected. Left-(CAU_L) and right
caudate (CAU_R), and left-(THA_L), and right thalamus (THA_R) were selected in the BGN. Left
dorsolateral prefrontal cortex (DLPFC_L) and ANG_L were selected in the LCEN. For the RCEN, right
DLPFC (DLPFC_R) and ANG_R were selected.

For the BGN-SN, SN-RCEN, and DMN-LCEN connections, the pair-wise FC strength consisting of a
region×region matrix for each subject was calculated. In order to examine the differences between the
two groups, an independent two sample t-test was conducted, and results are shown in Fig. 2 and Fig. 3.
Within the BGN-SN connection, FCon compared with HC had higher pair-wise FC strengths of CAU_L-
INS_L, THA_R-INS_L, CAU_R-INS_L, and THA_L-ACC (Fig. 2A, P < 0.0024 (0.05/21)). Within the SN-RCEN
connection, FCon showed lower pairwise FC strengths of INS_L-DLPFC_R and INS_R-DLPFC_R (Fig. 2B, P 
< 0.005 (0.05/10)). Within the DMN-LCEN connection, FCon showed higher pair-wise FC strengths of
VMPFC-ANG_L, PCUN-ANG_L, and VMPFC-DLPFC_L (Fig. 3A, P < 0.003 (0.05/15)).

Correlation between imaging data and clinical
measurement in FCon
FNC of the SN-RCEN was negatively correlated with PAC-QOL total score (P = 0.0001, r=-0.5080, Fig. 4)
and worries/concerns (P = 0.0043, r=-0.4475) in FCon. There were positive correlations between FNC of
the DMN-LCEN and stool symptoms of the PAC-SYM scale (P = 0.0003, r = 0.5534, Fig. 4) in FCon

FC strength of VMPFC-DLPFC was not only positively correlated with worries/concerns of the PAC-QOL
scale (P = 0.0002, r = 0.5564) but also with the PAC-QOL total score (P = 0.0013, r = 0.4964, Fig. 3B) in
FCon. FC strength of PCUN-ANG_L was positively correlated with rectal symptoms of the PAC-SYM scale
(P = 0.0031, r = 0.4614) and PAC-SYM total score (P = 0.0033, r = 0.4593, Fig. 3B) in FCon.

Discussion
In the current study, we employed resting-state fMRI with ICA to explore alterations in FC within and FNC
between �ve RSNs in patients with FCon. We provided evidence that the FCon patients had altered FC
within and interactions among RSNs. FC analysis within RSNs showed compared to heathy controls, the
FCon patients had increased FNC of BGN-SN and DMN-LCEN and reduced FNC of SN-RCEN. In the
subsequent FC analysis to examine the interactions between RSNs, we found changes in regional FC of
the CAU_L-INS_L, THA_R-INS_L, CAU_R-INS_L, THA_L-ACC, INS_L-DLPFC_R, INS_R-DLPFC_R, VMPFC-
ANG_L, PCUN-ANG_L, and VMPFC-DLPFC contributed to the abnormal FNC in FCon. The correlation
analysis between RSN and clinical measures revealed FNC of SN-RCEN was negatively correlated with
worries/concerns and the total score of the PAC-QOL scale, whereas FNC of the DMN-RCEN was
positively correlated with stool symptoms of the PAC-SYM scale. FC strength of VMPFC-DLPFC_L was
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positively correlated with the worries/concerns and the PAC-QOL total score, whereas FC strength of
PCUN-ANG_L was positively correlated with rectal symptoms of the PAC-SYM scale and PAC-SYM total
score.

Alterations in FNC between BGN and SN
Our data showed signi�cant group differences in three network connections in patients with FCon relative
to HC, including increased FNC of BGN-SN, DMN-LCEN, and decreased FNC of SN-RCEN. The SN is a
paralimbic network that deals with internal attention, cognition, emotion, and regulation functions
(Menon and Uddin, 2010; Seeley et al., 2007). Visceral afferent signals reach the primary interoceptive
cortex through the thalamus, regulating affective, motor and motivational brain response to visceral
sensation (Menon and Uddin, 2010). Thalamus is the key node of the BGN, which plays an important role
in perceptual processing (Sherman and Guillery, 2006). Our data showed strong FNC of BGN-SN in FCon,
indicating the abnormality in visceral sensation and emotional regulation.

FC analysis between BGN and SN showed signi�cant increases in FC strengths of CAU_L-INS_L, THA_R-
INS_L, CAU_R-INS_L, and THA_L-ACC in FCon compared with HC, contributing to the increased FNC of
BGN-SN. The INS and ACC are the key nodes of SN. The INS has many functions in human beings, from
sensory and emotional processing to advanced cognition (Uddin et al., 2017). The ACC plays a signi�cant
role in emotional response regulation, decision-making, and emotional responses to visceral stimulation
(Cohen et al., 2005). The THA receives input from the basal ganglia nucleus and projects them to the
prefrontal cortex to regulate cortical activity (Jakab et al., 2012). The increases in FC strength of THA_L-
ACC in patients with FCon may re�ect the increase of attention and regulatory resources of visceral
afferent signals and emotional response (Icenhour et al., 2017). The homeostatic afferent network
composed of THA, INS, and ACC can regulate visceral sensation and response, (Mayer et al., 2006) and
the increases in FC strength of THA_R-INS_L in FCon might be associated with abnormal regulation of
visceral sensation. The CAU is related to pain processing, (Borsook et al., 2010) and abnormal structure
and function of CAU have been reported in IBS studies (Bhatt et al., 2019; Weng et al., 2017). The
increases in FC strengths of CAU_L-INS_L and CAU_R-INS_L revealed abnormal pain processing.

Alterations in FNC between SN and RCEN
The abnormal interactions among SN, DMN, and CEN play an important role in understanding psychiatric
and neurological disorders, including anxiety and depression (Menon, 2011). The decreased FNC between
the SN and RCEN in patients with FCon may compromise the dynamic interaction of these networks. Our
data showed FNC of SN-RCEN was negatively correlated with the worries/concerns and the PAC-QOL
total score, re�ecting the aberrant interaction between SN and RCEN might affect the negative emotions
including anxiety and depression.

The DLPFC and ventrolateral prefrontal cortex, INS, and amygdala have impact on regulating the pain
response via emotions such as anxiety and stress in patients with chronic pain (Boeckxstaens et al.,
2016). One study reported that cognitive impairment in patients with IBS was related to the decreased
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activity in the DLPFC (Aizawa et al., 2012). Our data showed the lower pair-wise FC strengths of INS_L-
DLPFC_R and INS_R-DLPFC_R in FCon may contribute to abnormal emotion.

Alterations in FNC between DMN and LCEN
The DMN is involved in self-reference processing, including monitoring emotional state and physical
condition, (Davey et al., 2016) and altered DMN connectivity has also been revealed in IBS studies (Qi et
al., 2016). One study reported that FC of the INS and cingulate seeds both increased signi�cantly in
patients with IBS in the VMPFC, dorsomedial prefrontal cortex, and posterior cingulate cortex. These
changes revealed excessive coupling of the SN with the CEN and DMN (Liu et al., 2016). Our data showed
FCon patients had stronger FNC of DMN-LCEN. The stronger FNC is positively correlated with stool
symptoms of the PAC-SYM scale. Our results suggested the abnormal interaction between DMN and
LCEN might be associated with constipation symptoms.

The PCUN is the key hub of the DMN, which is related to the processing of self-referral information
(Tomasi and Volkow, 2011). As a part of the DMN, the VMPFC may be related to the disturbed emotion
regulation in IBS (Icenhour et al., 2019). The DLPFC has been implicated in attention control and chronic
pain regulation (Lorenz et al., 2003). Current results showed FC strength of the VMPFC-DLPFC was
positively related to the worries/concerns and the PAC-QOL total score in patients with FCon. The higher
FC of the VMPFC-DLPFC was related to higher negative emotion scores, which will lead to abnormal
emotion regulation. Our results suggested the FC strength of PCUN-ANG_L was positively correlated with
rectal symptoms and PAC-SYM total score in patients with FCon. Previous study revealed the connectivity
of the PCUN and ANG was strongly related to the e�ciency of conducting an executive control attention
task (Visintin et al., 2015). The aberrant FC of PCUN and ANG_L might be associated with more attention
to the bowel movement of patients with FCon and as a consequence of negative emotions, which would
worsen constipation symptoms.

Conclusion
The current study investigated alterations in FC within and FNC between RSNs in patients with FCon
compared with HC. Our fMRI results revealed the FCon patients had increased interactions of the BGN-SN
and DMN-LCEN and reduced interactions between SN and RCEN compared with HC. FNC analysis
suggested that aberrant RSN interactions in the patients might be associated with the abnormality in
emotion regulation and constipation symptoms. Changes in regional FC between different networks
contributed to the abnormal FNCs among RSNs. In FCon patients, increased FNC of the DMN-LCEN was
associated with stool syndromes and reduced FNC of the SN-RCEN was associated with
worries/concerns and the PAC-QOL total score. FC strength changes in prefrontal and in parietal cortices
were associated with worries/concerns and with rectal symptoms respectively. Our �ndings provided
evidence that the FCon patients had altered FC within and interaction between RSNs in brain. The brain
FC changes were associated constipation symptoms and altered emotions presented in the patients.
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Figure 1

Signi�cant correlations and lags among �ve RSNs in two groups. (A). Signi�cant correlation between
group differences. There were signi�cant differences in correlation in DMN-LCEN (FCon>HC), BGN-SN
(FCon>HC), and SN-RCEN (FCon<HC) connections between patients with FCon and HC. The red line
shows signi�cant connectivity where patients with FCon have a higher correlation than HC, while the blue
line shows connectivity where HC have higher correlation, and the black line represents the correlation of
RSNs within each group. Thickness of lines represents the level of correlation strength between RSNs.
(B). Signi�cant lag between group differences. The arrow shows the direction of the delay between RSNs.
For example, RCEN→SN shows RCEN precedes the SN. Thickness of arrow represents the level of
correlation strength between RSNs.
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Figure 2

Two-sample t-test of pairwise FC in BGN-SN and SN-RCEN. The color bar shows the t values. The depth
of red and blue color shows the degree of FCon>HC/HC>FCon. The symbol of one asterisk, two asterisks,
and three asterisks denotes P<0.05, P<0.01, and P<0.001. Combined with the t and P value, the darker the
blue/red color, the smaller the P value. (A). Two-sample t-test of pairwise FC in BGN-SN. In BGN and SN,
the seven ROIs were de�ned. FCon showed higher pair-wise FC of CAU_L-INS_L, THA_R-INS_L, CAU_R-
INS_L and THA_L-ACC (P<0.002). (B). Two-sample t-test of pairwise FC in SN-RCEN. In SN and RCEN, the
�ve ROIs were de�ned. FCon showed lower paire-wise FC of INS_L-DLPFC_L and INS_R-DLPFC_R
(P<0.005). Abbreviation: FC, functional connectivity; BGN, basal ganglia network; SN, salience network;
RCEN, right control executive network; FCon, functional constipation; HC, healthy controls; CAU, caudate;
THA, thalamus; INS, insula; ANG, angular gyrus; ACC, anterior cingulate cortex; DLPFC, dorsolateral
prefrontal cortex.
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Figure 3

. Two-sample t-test of pairwise FC in DMN-LCEN. (A). In the DMN and LCEN, the six ROIs were de�ned.
The color bar shows the t values. The depth of red and blue color shows the degree of
FCon>HC/HC>FCon. The symbol of one asterisk, two asterisks, and three asterisks denotes P<0.05,
P<0.01, and P<0.001, respectively. Combined with the t and P value, the darker the blue/red color, the
smaller the P value. FCon showed higher pair-wise FC of VMPFC-ANG_L, PCUN-ANG_L, and VMPFC-
DLPFC_L (P<0.003). (B). Correlation analysis between the pairwise FC of DMN-LCEN connections and
clinical measures in patients with FCon. FC of VMPFC-left DLPFC was related to the worries/concerns
and PAC-QOL total score. Meanwhile, FC strength of PCUN-ANG_L was positively correlated with rectal
symptoms and PAC-SYM total score. Abbreviation: FC, functional connectivity; DMN, default mode
network; LCEN, left control executive network; VMPFC, ventromedial prefrontal cortex; PCUN, precuneus;
ANG, angular gyrus; DLPFC, dorsolateral prefrontal cortex; FCon, functional constipation; PAC-QOL,
Patient Assessment of Constipation Quality of Life Scale; PAC-SYM, Patient Assessment of Constipation
Symptom Scale; HC, healthy controls.
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Figure 4

Correlation analysis between FNC strength of RSNs and clinical measures in patients with FCon. FCon
had increased FNC of BGN-SN and DMN-LCEN which was positively correlated with stool syndromes, and
reduced FNC of SN-RCEN which was negatively correlated with worries/concerns and PAC-QOL total
score. Abbreviation: FNC, functional network connectivity; BGN, basal ganglia network; SN, salience
network; RCEN, right control executive network; LCEN, left control executive network; DMN, default mode
network; FCon, functional constipation; HC, healthy controls; PAC-QOL, Patient Assessment of
Constipation Quality of Life Scale.


