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Background: Gender differences in hippocampal and parahippocampal gyrus (HIP/PHG) volumes have been reported in sleep
disorders. Therefore, this study investigated the moderating effect of gender on the relationship between chronic insomnia disorder
(CID) and the HIP/PHG functional connectivity (FC) network.
Methods: For this study, 110 patients diagnosed with CID (43 men and 67 women) and 60 matched good sleep control (GSC) (22
men and 38 women) were recruited. These participants underwent resting-state functional magnetic resonance imaging scans, after
which a 2 × 2 (diagnosis × gender) analysis of variance was used to detect the main and interactive effect of insomnia and gender on
their HIP/PHG FC networks.
Results: Although the main effect of insomnia on the HIP FC network was observed in the bilateral cerebellar tonsil, superior frontal
gyrus, and the medial orbitofrontal cortex, effects on the PHG FC network were observed in the bilateral HIP and amygdala. In
contrast, the main effect of gender on the HIP FC network was observed in the right cerebellum posterior lobe, the dorsolateral
prefrontal cortex (DLPFC), and the supplemental motor area. Of note, the interactive effect of both insomnia and gender was observed
in FCs between the right HIP and the dorsal anterior cingulate cortex, and then between the right PHG and DLPFC. Moreover, the FC
between the right PHG and left DLPFC was positively associated with anxiety scores in the female patients with CID.
Conclusion: Our study identified that gender differences in brain connectivity existed between the HIP/PHG and executive control
network in patients diagnosed with CID, these results will eventually extend our understanding of the important role that gender plays
in the pathophysiology of CID.
Keywords: insomnia, gender difference, functional connectivity, hippocampus, parahippocampal gyrus

Introduction
Insomnia is a chief complaint that arises during clinical work, which is characterized by sleep dissatisfaction, in addition to
difficulty initiating or maintaining sleep at night. It is accompanied by distress and impairments in daytime functioning.1,2

Studies have shown that insomnia disorder affects approximately 10–20% of the population, with approximately 50%
progressing to the chronic course of the disease, ie, the chronic insomnia disorder (CID).3,4 In addition, during the coronavirus
disease 2019 pandemic, the prevalence of insomnia doubled and tripled.5,6 Insomnia disorder incurs substantial health care
and indirect costs because it poses a substantial risk toward developing mental disorders caused by impaired cognitive
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function.3,7,8 At present, the hyperarousal model is a final common pathway accounting for the pathophysiology of
insomnia.1,9,10 However, no convergent brain alteration pattern across previous structural and functional neuroimaging studies
was found.11–13 The main reason for this inconsistent finding is proposed to be because of the heterogeneous features of the
patients with insomnia used in these studies.14,15 Thus, the investigation with different demographic information regarding
CID would extend our understanding of the neuropathological of CID.

Gender differences in insomnia have been found and manifested in epidemiological, neurobiological, and psycholo-
gical studies,16–18 with consistent results being observed during studies on epidemiology, which showed that insomnia
was approximately 1.5 times more common in women than men.19 In women, but not in men, the risk ratio for
developing insomnia also increased with age.19,20 A few studies have investigated the brain mechanism in relation to
gender differences in patients with sleep disorders. In a functional neuroimaging study, Dai et al also observed that
females with insomnia showed higher regional brain activities in the bilateral temporal gyrus and lower regional brain
activities in the left limbic lobe.21 However, they did not explore the interactive effect of insomnia and gender on the
brain regional activity. Based on our previous studies, we observed that gender did not affect the global functional
connectivity (FC) density in patients with primary insomnia.22 Moreover, gender differences have been observed in the
locus coeruleus functional network.23 However, till date, the neuropathological mechanism accounting for how gender
differences affect insomnia has remained unclear.

The hippocampus and parahippocampus have been considered essential for sleep and emotion regulation,24,25 and
showed gender differences in the circadian timing system.26,27 During previous neuroimaging studies of gender
difference in insomnia, the most frequently reported brain region was the hippocampal and parahippocampal gyrus.
Winkelman et al investigated the effects of gender and insomnia on the volume of the hippocampus, but no significant
gender effect was observed, which was proposed to be because of the small sample size of this study.28 Alternatively,
using surface-based structure analysis, Paul et al observed that the gender-specific regional hippocampal volume
increased in patients with obstructive sleep apnea.16 Recently, Nicola et al also observed that an association existed
between poor sleep quality and gray matter volume in the hippocampus and parahippocampal gyrus of women, but not in
men, using a well-powered sample of healthy individuals (1074 young adults from the “Human Connectome Project”).18

Thus, investigating the potential modulating effect of gender on the hippocampal/parahippocampal function in patients
with insomnia is essential to comprehensively understand insomnia-causing brain mechanisms.

The objective of this study was to explore the moderating effect of gender on the hippocampus/parahippocampal
gyrus (HIP/PHG) functional network in patients with CID. Owing to the prominent role of HIP/PHG function in sleep
processing, affective behaviors,24 and gender specificity,27 we hypothesized that interactive regions of insomnia and
gender in the HIP/PHG functional network were identified and would be associated with mental symptoms (depression
and anxiety) in patients with CID, especially in women.

Methods
Participants
The Institutional Review Board of the Affiliated Hospital of Chengdu University of Traditional Chinese Medicine,
Chengdu, China, approved this study (Ethics protocol number: 2018KL-041). Written informed consent was obtained
from each subject before subjecting them to a magnetic resonance imaging (MRI) scan. The current study complies with
the Declaration of Helsinki.

One hundred and ten patients with CID (43 men and 67 women) were recruited based on the criteria of the
International Classification of Sleep Disorders-Third Edition.2 The inclusion criteria for patients were as follows: (1)
They should be between 18 and 65 years old; (2) they should be right-handed; (3) they should have experienced at least 3
months of difficulty falling asleep, maintaining sleep, or early awakening; (4) they should have a Pittsburgh sleep quality
index score (PSQI) above seven (PSQI > 7);29 and (5) they should be willing to stop taking medications or receiving any
other treatment 2 weeks before beginning the intervention. Alternatively, the exclusion criteria were as follows: (1)
Patients with any severe condition of cardiovascular, cerebrovascular, liver, kidney, and hematopoietic systems; (2) those
whose secondary insomnia was caused through drugs, cervical spondylosis, or other diseases; (3) those having a history
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of serious organic disease or severe mental disease secondary to depression or generalized anxiety; (4) those with
abnormal findings, such as infarction or focal lesion, on conventional brain MRIs; (5) pregnant, preparing for pregnancy
or lactating women; and (6) those with MRI contraindications.

Meanwhile, 60 good sleep controls (GSCs, 22 men and 38 women) who matched with the gender, age, and education
of the CID group were recruited as healthy controls. All control participants met the same exclusion criteria that were
applied to the patient group.

Four CID and five GSC participants were excluded owing to excessive head motion artifacts and/or incomplete echo-
planar imaging images after normalized data artificial checking was conducted. Finally, the remaining 55 GSC and 106
CID patients were included in the final analysis. Demographic characteristics and clinical features of patients included in
each group for the final analysis are summarized in Table 1.

Clinical Assessments
Before MRI scanning, participants completed questionnaires that inquired about their PSQI, which is a seven-item
inventory designed to assess the severity of insomnia symptoms, in addition to their Zung Self-Rating Anxiety Scale
(SAS) and Zung Self-Rating Depression Scale (SDS) results, which were used to assess symptoms of anxiety and
depression.30,31

MRI Data Acquisition and Preprocessing
MRI data were acquired using a 3.0 T MRI scanner (GE Healthcare Discovery MR750). Scans were conducted in the
afternoon (14:00–18:00) at the University of Electronic Science and Technology of China. Afterward, structural images
were acquired using a high-resolution 3D T1-weighted brain volume MRI sequence as follows: repetition time (TR)/echo
time (TE) = 5.988/1.972 ms, slice thickness = 1 mm, slice number = 154, and field of view (FOV) = 256 × 256 mm.
Subsequently, axial functional images were also obtained using a gradient-echo T2*-weighted echo-planar imaging
sequence. Scanning parameters were as follows: TR/TE = 2000/30 ms, flip angle = 90°, slice number = 35, matrix size =
3.75 × 3.75, FOV = 64 × 64 mm, and slice thickness = 4 mm. With these parameters, 240 volumes were acquired in
approximately 10 min. All participants in our study were instructed not to consume caffeine, alcohol, or any other
psychoactive substance 48 h before the day on which the fMRI scan was to be conducted. Scanner noise and head motion
were also reduced using earplugs and foam padding. All subjects were asked to close their eyes, lie quietly without
falling asleep, not to think about anything, and avoid any head movement during the scan.

Subsequently, the original fMRI data obtained were pre-processed using the statistical parametric mapping package
(SPM12, http://www.fil.ion.ucl.ac.uk/spm) and Data Processing Assistant for Resting-State fMRI (DPARSF) toolbox
(http://www.restfmri.net) implemented in MATLAB v.8.0 (MathWorks Inc., Sherborn, MA, USA).32 Volumes of the first
five time points were removed for everyone to reduce noise interference. Then, the following procedures were conducted:
slice-timing adjustment, head motion correction adjustment, normalization of images with a T1 template in the Montreal

Table 1 Demographic and Clinical Traits for All Participants

Characteristic CID (n=106) GSC (n=55) Main Effect
of Diagnosis

(F/P)

Main Effect
of Sex (F/T/P)

Interactive
Effect of
Diagnosis

and Sex (F/P)

Male (n=40) Female
(n=66)

Male (n=21) Female
(n=34)

Age 35.92(10.44) 36.11(12.06) 34.10(8.78) 36.79(9.82) 0.22(0.638) 0.88(0.349) 0.26(0.607)

Education 13.57(3.95) 14.69(3.41) 14.33(5.07) 12.79(4.95) 0.65(0.421) 0.08(0.769) 3.52(0.062)

Duration(month) 64.55(70.49) 47.53(43.70) – – – 1.54(0.128) –
PSQI 13.77(2.27) 13.19(2.46) – – – 1.20(0.231) –

SAS 50.00(9.03) 46.51(10.08) 30.73(9.17) 33.33(10.77) 90.13(<0.001) 0.07(0.794) 3.24(0.074)

SDS 50.80(11.24) 48.36(10.01) 30.58(6.31) 33.07(7.61) 112.13(<0.001) 0.86(0.354) 2.86(0.105)

Abbreviations: CID, chronic insomnia disorder; GSC, good sleep controls; PSQI, Pittsburgh Sleep Quality Index; SDS, Zung Self-Rating Depression Scale; SAS, Zung Self-
Rating Anxiety Scale.

Nature and Science of Sleep 2022:14 https://doi.org/10.2147/NSS.S355922

DovePress
1177

Dovepress Yang et al

Powered by TCPDF (www.tcpdf.org)

http://www.fil.ion.ucl.ac.uk/spm
http://www.restfmri.net
https://www.dovepress.com
https://www.dovepress.com


Neurological Institute template space (resampling voxel size = 3 × 3 × 3 mm3), isotropic Gaussian kernel smoothing (full
width at half maximum (FWHM) = 6 mm), in addition to detrending and filtering (0.01–0.1 Hz). Subjects with a head
motion >2.5° of rotation or 2.5 mm of translation in any direction were excluded. Several sources of spurious variances
were removed through linear regression, which included six head motion parameters and average signals from the white
matter, cerebrospinal fluid, and the whole brain.

Seed-Based FC Analysis
The bilateral hippocampus and parahippocampal gyrus were selected using the WFU-Pick Atlas software (http://www.
ansir.wfubmc.edu). The seed-based FC analysis was then performed using a DPARSF toolbox. Briefly, by extracting the
residual blood oxygenation level-dependent time series from each seed and correlating that with the time series of all
other voxels in the brain, first-level correlation maps were produced. Afterward, the Pearson’s correlation coefficients
(FC values) that were obtained were further normalized to Z scores using Fisher’s transformation.

Statistical Analysis
Demographic and Clinical Data Analysis
The 2 × 2 (diagnosis × gender) ANOVAwas used to compare the demographic and clinical data, such as age, education,
duration of disease, PSQI, SAS, and SDS, using the Statistical Package for the Social Sciences software version 24.0
(SPSS, Inc., Chicago, IL, USA). Statistical significance was set at P < 0.05.

Neuroimaging Data Analysis
Voxel-wise comparisons of FC mappings (bilateral HIP and PHG, separately) were conducted using a 2 × 2 (Diagnosis ×
gender) analysis of covariance, with age and years of education as nuisance covariates. The main effect of diagnosis,
gender, and the interactive effect of diagnosis × gender was explored on the left/right HIP/PHG FC network, separately.
The threshold was set at P < 0.005 for voxel-wise and P < 0.05 cluster-level for whole gray matter false discovery rate
corrections.

Correlation Analysis
To investigate the behavioral significance of affected brain functions on the interaction between diagnosis and gender,
mean FC signals were extracted from various brain regions. A partial correlation analysis was then conducted to examine
relationships between FCs and PSQI scores (in addition to SAS and SDS scores and duration of disease) in men and
women diagnosed with CID. The evaluation was conducted separately after controlling for the effects of age, education,
and duration of disease (not in the correlation analyses between FCs and duration). As a preliminary and relatively small
sample study, the results of partial correlation analyses were not corrected by any multiple comparison correction
approaches.

Results
Demographics and Clinical Characteristics
Results from the comparison of demographic and clinical characteristics are displayed in Table 1 and Table S1. As
shown, no significant main and interactive effect of diagnosis and gender on age and education was noted (all P > 0.05).
However, SAS and SDS scores were higher in patients with CID than in the GSC group (P < 0.001). No group difference
was observed in the duration of disease, PSQI, SAS, and SDS parameters between men and women in the CID group
(P > 0.05). No significant interactive effects of diagnosis and gender were observed on SAS and SDS scores (P > 0.05).

Main Effects of Diagnosis on the HIP/PHG FC Network
The main effect of diagnosis was observed in both the HIP and PHG FC networks (Figures 1 and S1; Tables 2 and 3). For
the left HIP FC network, patients with CID showed a higher HIP FC in the bilateral cerebellar tonsil, bilateral superior
frontal gyrus (SFG), and left HIP/PHG in comparison with GSC subjects. However, a decreased HIP FC was observed in
the bilateral medial orbitofrontal cortex (mOFC). For the right HIP FC network, an increased FC was observed in the
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right HIP/PHG and amygdala, with no decrease in FC in the right HIP FC network. However, for the bilateral PHG FC
network, a significantly increased FC was observed in the bilateral HIP/PHG/amygdala, which was located in the
amygdala–hippocampus complex, with no decrease in FC in the bilateral PHG FC network.

Figure 1 The main effect of diagnosis on the left hippocampus functional connectivity network.
Abbreviations: CID, chronic insomnia disorder; GSC, good sleep control; HIP, hippocampus; FC, functional connectivity; Cbt, cerebellar tonsil; PHG, parahippocampal
gyrus; mOFC, medial orbitofrontal cortex; SFG, superior frontal gyrus.

Table 2 Brain Areas with Significant Diagnosis, Sex and Diagnosis × Sex Effects on the Hippocampus Functional Connectivity
Network

Brain Region BA Voxel Size MNI Coordinates
(RAI)

Peak Z Score

x y z

Left hippocampus FC network

Main effect of Diagnosis Left Cerebellar Tonsil – 247 −27 −36 −48 4.39
Right Cerebellar Tonsil – 142 21 −33 −48 4.26

Left HIP/PHG 20 350 −33 −27 −12 6.13
Bilateral mOFC 11 95 −3 42 −18 4.40

Left SFG 6 177 −15 0 57 4.95

Right SFG 6 55 21 6 51 4.06
Main effect of Sex Right Cerebellum Posterior Lobe – 97 24 −93 −39 3.77

Interactive effect of Diagnosis × Sex – – – – – – –

Right hippocampus FC network

Main effect of Diagnosis Right HIP/PHG/AMG 20/13 236 30 −36 −3 4.33
Main effect of Sex Right ITG/FFA 38 113 33 9 −48 3.78

Left DLPFC 9 112 −21 30 33 3.57

Right SMA 32 54 12 18 51 3.34
Interactive effect of Diagnosis × Sex Left dACC 10 83 −24 66 24 2.88

Abbreviations: BA, Brodmann’s area; FC, functional connectivity; HIP, hippocampus gyrus; PHG, parahippocampal gyrus; mOFC, medial orbital frontal cortex; SFG,
superior frontal gyrus; AMG, amygdala; ITG, inferior temporal gyrus; FFA, fusiform area; SMA, supplemental motor area; dACC, dorsal anterior cingulate cortex.
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Main Effects of Gender on the HIP/PHG FC Network
For the left HIP FC network, the main effect of gender was observed in the right cerebellum posterior lobe, with men
showing a higher HIP FC than women (Figure 2A and B). Alternatively, for the right HIP FC network, women showed

Table 3 Brain Areas with Significant Diagnosis, Sex and Diagnosis × Sex Effects on the Parahippocampal Functional Connectivity
Network

Brain Region BA Voxel Size MNI Coordinates (RAI) Peak Z Score

x y z

Left parahippocampal FC network

Main effect of Diagnosis Left PHG/HIP 30 168 −24 −27 −21 4.91

Right PHG/HIP 30 127 27 −36 −30 4.84
Main effect of Sex Left HIP/PHG 20 82 −27 −12 −15 3.76

Left MFG 47 96 −27 42 12 3.32

Interactive effect of Diagnosis × Sex – – – – – – –

Right parahippocampal FC network

Main effect of Diagnosis Right PHG/HIP/AMG 34 532 27 −33 −33 5.06

Left PHG/FFA 35 142 −30 −33 −33 4.49

Main effect of Sex – – – – – – –
Interactive effect of Diagnosis × Sex Left DLPFC 46/10 76 −45 48 18 3.97

Abbreviations: BA, Brodmann’s area; FC, functional connectivity; HIP, hippocampus gyrus; PHG, parahippocampal gyrus; MFG, middle frontal gyrus; SFG, superior frontal
gyrus; AMG, amygdala; FFA, fusiform area; DLPFC, dorsolateral prefrontal cortex.

Figure 2 The main effect of gender on the hippocampus functional network. The main effect of gender on the left hippocampus functional network (located on the right
CbP) (A and B); the main effect of gender on the right hippocampus functional network (located on the left DLPFC, right SMA, ITG, and FFA) (C and D).
Abbreviations: CbP, cerebellar posterior lobe; DLPFC, dorsolateral prefrontal cortex; FFA, fusiform area; ITG, inferior temporal gyrus; SMA, supplemental motor area.
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a lower HIP-negative FC in the left dorsolateral prefrontal cortex (DLPFC) and right supplemental motor area (SMA).
However, they showed a lower HIP-positive FC in the right inferior temporal gyrus (ITG)/fusiform area (FFA) than men
(Figure 2C and D). For the left PHG FC network, women showed a lower FC in left HIP/PHG than men. However, they
showed a higher FC in the left middle frontal gyrus (MFG) than men (Figure S2). Nevertheless, no significant gender
effect on the right PHG FC network was observed (Tables 2 and 3).

Interactive Effects of Diagnosis and Gender on the HIP/PHG FC Network
An interactive effect of diagnosis and gender was observed on the right HIP and PHG FC networks (Figure 3 and
Tables 2 and 3). The interaction was located in the left dorsal anterior cingulate cortex (dACC) at the right HIP FC
network and in the left DLPFC at the right PHG FC network. As shown in Figure 3, women presented a lower negative
FC between HIP/PHG and dACC/DLPFC than men in the GSC group. However, FCs were increased in women and
decreased in men at the stage of CID.

Clinical Significance of the Interactive HIP/PHG FC Network
Partial correlation analysis results revealed that FC between the right PHG and left DLPFC was positively associated
with SAS scores in women with CID (R = 0.27, P = 0.03) (Figure 4). The association was not significant to other regions
and clinical features (P > 0.05).

Figure 3 The interactive effect of diagnosis × gender on the right hippocampus functional connectivity network (A) and right parahippocampal gyrus functional connectivity
network (B).
Abbreviations: CID, chronic insomnia disorder; dACC, dorsal anterior cingulate cortex; DLPFC, dorsolateral prefrontal cortex; FC, functional connectivity; GSC, good
sleep control; HIP, hippocampus; PHG, parahippocampal gyrus.
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Discussion
This study explored the gender-specific effects of insomnia on the HIP/PHG function network. Based on our literature
search, this study is the first to demonstrate gender-specific patterns of HIP/PHG function among individuals with and
without insomnia. First, this study confirmed an association between insomnia and altered HIP/PHG function, which was
in agreement with the findings of previous studies. Second, the full factorial model, using gender and insomnia factors,
yielded an interaction between gender and diagnosis in FC of the right HIP-dACC and right PHG-DLPFC. Moreover, the
correlation analysis corroborated the fact that a higher FC between the right PHG and DLPFC was associated with higher
anxiety symptoms in women with CID. These results support our hypothesis that gender has a moderating effect on the
HIP/PHG function in insomnia disorders. Taken together, our findings further indicate the importance of gender in the
pathophysiology of CID.

Main Effects of Diagnosis on the HIP/PHG Functional Network
Abnormal hippocampal functions observed in insomnia have been reported in many previous studies. However, results
have been inconsistent.33–36 Li et al reported an increased FC between the left HIP and left SFG in patients with
insomnia, which was similar to the findings of this study.37 A decreased thalamic connectivity at the PHG and HIP has
also been observed across wakefulness and sleep stages in patients with insomnia.38 In this study, an altered HIP/PHG FC
was observed in the bilateral cerebellum, SFG, mOFC, and amygdala–hippocampus complex in patients with insomnia.
Notably, the cerebellum has recently been considered to be involved in the sleep–wake cycle and consolidation of
memories, with a malfunction in the cerebellum being proposed to affect sleep patterns.39 Furthermore, the increased FC
between the HIP and the cerebellum is proposed to be indicated as a maladaptive mechanism during insomnia in memory
consolidation. The FC of SFG and the HIP are reportedly negative in good sleepers, which indicates a control function of
the frontal cortex to the HIP.40 However, for insomniacs, FC was decreased or inverted to positive, which also manifested
in the abnormal control function observed in patients with CID. Alternatively, the mOFC is the core cortical region for
reward and anticipation processing,41 with a decreased connectivity being observed between mOFC and HIP, which
indicates an abnormal reward processing in patients with CID.15 Additionally, an increased HIP/PHG FC was widely
observed within the amygdala, HIP, and PHG in patients with CID, which is proposed to account for the overloaded and
maladaptive function noticed during the processing of emotion and cognition in these regions. Taken together, the present

Figure 4 The functional connectivity between the right PHG and left DLPFC was positively associated with anxiety symptoms in women diagnosed with CID.
Abbreviations: CID, chronic insomnia disorder; DLPFC, dorsolateral prefrontal cortex; FC, functional connectivity; PHG, parahippocampal gyrus; SAS, Zung Self-Rating
Anxiety Scale.
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and previous results indicated that the HIP/PHG in patients with CID is dysfunctional; however, these inconsistent results
suggest that future studies should focus on the heterogeneity of patients with CID.

Main Effects of Gender on the HIP/PHG Functional Network
Effects of gender differences in structural and functional features of the HIP and PHG have been manifested in both mice
and human studies.27,42–45 However, much less is known about the effects of gender differences on the intrinsic FC in
HIP/PHG using resting-state fMRI data. A recent task-based fMRI revealed gender differences in hippocampal con-
nectivity during spatial memory processing.44 Moreover, Helpman et al investigated the gender-specific brain FC pattern
during posttraumatic stress disorders. They observed a stronger FC between HIP and the precuneus in men than in
women.46 In this study, gender differences were observed in the HIP FC network in the posterior cerebellum, DLPFC,
SMA, and ITG/FFA, whereas gender differences in the PHG network were observed in the HIP/PHG and MFG. These
brain regions have been considered during the processing of cognitive control (DLPFC), control of action (SMA),47 and
face perception (FFA),48 which also present gender differences in their function. Thus, our findings extended the
knowledge on gender differences in brain function.

Interaction Effects of Insomnia and Gender on the HIP/PHG Functional Network
The effect of insomnia-by-gender was located in the FC between the HIP/PHG and dACC/DLPFC, which are core hubs
in the cognitive control network.49 Specifically, the FC between HIP and dACC was higher in men with insomnia
compared with men without insomnia, whereas in women, the effect was inverse. A similar moderating effect of gender
was observed in the left DLPFC in the PHG functional network. Based on the structural connectivity analysis, Tunç et al
found that men showed a higher structural connectivity, which was associated with a motor and executive function
subnetwork, than females.50 Previous task-based fMRI studies have also revealed gender differences during response
inhibition processing. As observed, men showed higher functional connectivity than women in the anterior cingulate
cortex, parahippocampal gyrus, and thalamus during successful inhibition.51,52 Another task-based fMRI revealed that
the left ACC and DLPFC showed different activity patterns between men and women during a verbal fluency task.53

Moreover, gender-specific activation patterns were also shown in the DLPFC, hippocampus, and PHG during other high-
level cognitive processes such as planning and problem solutions.54 The gender effect on sleep, including the gender
steroid (estrogen) on sleep modulation and neuroendocrine in sleep circuitry systems, has received more attention as
well.55 These findings therefore indicate that men and women with insomnia employed different FC patterns between the
HIP/PHG and executive control network, which supported different HIP-frontal connectivity mechanisms during
insomnia development.

Clinical Associations Within the Interactive HIP/PHG FC Network
Gender differences have been observed in cases of insomnia’s comorbidity with depression and anxiety.56 Besides, the
relationship between insomnia and mental illnesses, such as depression and anxiety, is bidirectional.57,58 The present
study could not find any interaction between the diagnosis and gender or depression and anxiety, which can be attributed
to the small sample size. For the clinical association analysis, we observed that a stronger connectivity in PHG-DLPFC
was associated with higher anxiety symptoms in women with insomnia but not in men with insomnia. Notably, the FC of
PHG-DLPFC was negative in women without insomnia because the DLPFC is the core region for cognitive control.49

This negative FC is proposed to negatively regulate the sleep control pathway. However, in women with insomnia, the
negative connectivity was increased and associated with more anxiety symptoms. These findings indicate a maladaptive
frontal function in women with insomnia, which also helps to extend our understanding of higher insomnia’s comorbidity
with anxiety in women.

Limitations
This study had several limitations worth mentioning. First, this preliminary study selected the whole HIP and PHG as
regions of interest to explore the HIP/PHG function. However, future studies should investigate the gender modulating
effect on the HIP/PHG substructure function in patients with insomnia disorders.59 Second, genetic factors were not
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investigated in this study. Although it was noted that patients with insomnia had alterations in the APOE genotype in the
hippocampus in a previous study,60 future studies can explore genetic and gender interactions on the brain function in
patients with CID. Third, because insomnia is a heterogeneous disorder, such as CID combined with or without mental
symptoms,14,61 and different medication histories for the same may exist, this study provided subgroup analysis using
a small sample size. Therefore, subtypes with mental symptoms should also be detected in future studies. Finally, the
results obtained did not explain causal relationships between insomnia and brain function because of the cross-sectional
design type of this study. Thus, future studies should also conduct research along this line.

Conclusion
This study demonstrated that the gender differences in brain connectivity existed between the HIP/PHG and executive
control network in patients diagnosed with CID. These results extend our understanding of the important role played by
gender in the pathophysiology of CID.
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