
TYPE Original Research

PUBLISHED 25 November 2022

DOI 10.3389/fneur.2022.1025174

OPEN ACCESS

EDITED BY

Haitham Jahrami,

Arabian Gulf University, Bahrain

REVIEWED BY

Xiaofen Ma,

Guangdong Second Provincial General

Hospital, China

Lei Gao,

Zhongnan Hospital of Wuhan

University, China

Chao-Qun Yan,

Dongzhimen Hospital, Beijing

University of Chinese Medicine, China

*CORRESPONDENCE

Shijun Qiu

qiu-sj@163.com

†These authors have contributed

equally to this work and share first

authorship

SPECIALTY SECTION

This article was submitted to

Sleep Disorders,

a section of the journal

Frontiers in Neurology

RECEIVED 22 August 2022

ACCEPTED 08 November 2022

PUBLISHED 25 November 2022

CITATION

Wang H, Huang Y, Li M, Yang H, An J,

Leng X, Xu D and Qiu S (2022)

Regional brain dysfunction in insomnia

after ischemic stroke: A resting-state

fMRI study. Front. Neurol. 13:1025174.

doi: 10.3389/fneur.2022.1025174

COPYRIGHT

© 2022 Wang, Huang, Li, Yang, An,

Leng, Xu and Qiu. This is an

open-access article distributed under

the terms of the Creative Commons

Attribution License (CC BY). The use,

distribution or reproduction in other

forums is permitted, provided the

original author(s) and the copyright

owner(s) are credited and that the

original publication in this journal is

cited, in accordance with accepted

academic practice. No use, distribution

or reproduction is permitted which

does not comply with these terms.

Regional brain dysfunction in
insomnia after ischemic stroke:
A resting-state fMRI study

Hongzhuo Wang1†, Yunxuan Huang2†, Mingrui Li3, Han Yang2,

Jie An1, Xi Leng1, Danghan Xu2 and Shijun Qiu1*

1Medical Imaging Center, The First A�liated Hospital of Guangzhou University of Traditional Chinese

Medicine, Guangzhou, China, 2Rehabilitation and Nursing Center, The First A�liated Hospital of

Guangzhou University of Chinese Medicine, Guangzhou, China, 3Department of Magnetic

Resonance Imaging, Zhanjiang First Hospital of Traditional Chinese Medicine, Zhanjiang, China

Objective: This study aimed to explore the abnormality of local brain function

in patients with post-stroke insomnia (PSI) based on fMRI and explore the

possible neuropathological mechanisms of insomnia in patients with PSI in

combination with the Pittsburgh sleep quality index (PSQI) score and provide

an objective evaluation index for the follow-up study of acupuncture treatment

of PSI.

Methods: A total of 27 patients with insomnia after stroke were enrolled,

and the PSQI was used to evaluate their sleep status. Twenty-seven healthy

participants who underwent physical examinations during the same period

were selected as controls. Resting-state brain function images and structural

images of the two groups of participants were collected, and the abnormal

changes in the regional brain function in patients with PSI were analyzed using

threemethods: regional homogeneity (ReHo), the amplitude of low-frequency

fluctuations (ALFF) and fractional ALFF (fALFF), and a correlation analysis with

the PSQI scale score.

Results: Compared with the HCs, the ReHo values of the PSI group in the

bilateral lingual gyrus, right cuneus, right precentral and postcentral gyri were

significantly lower, and the ReHo values of the left supramarginal gyrus were

significantly higher. In the PSI group, the ALFF values in the bilateral lingual

gyrus were significantly decreased, whereas those in the bilateral middle

temporal gyrus, right inferior temporal gyrus, right inferior frontal gyrus, right

limbic lobe, right precuneus, left posterior cingulate gyrus, and left middle

occipital gyrus were significantly increased. Compared with HCs, the fALFF

values of the bilateral lingual gyrus, bilateral inferior occipital gyrus, and

bilateral cuneus in the PSI group were significantly higher. The ReHo value

of the left supramarginal gyrus in the PSI group was significantly negatively

correlated with the total PSQI score.

Conclusion: Patients with PSI have abnormal local activities in multiple brain

regions, including the visual processing-related cortex, sensorimotor cortex,

and some default-mode network (DMN) regions. Over-arousal of the DMN and

over-sensitivity of the audiovisual stimuli in patients with PSI may be the main
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mechanisms of insomnia and can lead to a decline in cognitive function and

abnormalities in emotion regulation simultaneously.

KEYWORDS

post-stroke insomnia, functional magnetic resonance imaging, regional

homogeneity, amplitude of low-frequency fluctuations, fractional amplitude of

low-frequency fluctuation

Introduction

Post-stroke insomnia (PSI) refers to insomnia symptoms

that occur after a stroke, and the rate of sleep disturbance in

post-stroke patients is approximately 30–48% (1). As many as

70% of acute stroke patients have associated sleep disorders,

mainlymanifested as difficulty in falling asleep at night, difficulty

in maintaining sleep or awakening early, difficulty in falling

asleep after awakening, and daytime sleepiness and fatigue (2).

Sleep disturbance in patients with PSI is highly detrimental to

stroke recovery and contributes to the deterioration of existing

diseases, such as hypertension and diabetes, reducing patients’

quality of life (3). Current studies suggest that the mechanisms

of insomnia in patients with PSI are as follows: the stroke lesions

in patients with PSI involve important brain regions, such as

the thalamus and the basal ganglia, and the damage to these

regional brain tissues leads to the blockage of transmission

pathways of neurotransmitters such as 5-hydroxytryptamine

and norepinephrine in the brain (4); or the reduction of gamma-

aminobutyric acid content in the serum of patients with stroke

leads to the reduction of neuronal activity that promotes sleep

(5, 6); or the interaction between negative emotions, such as

anxiety, after stroke and 5-hydroxytryptamine eventually leads

to insomnia (7, 8). All these alterations lead to abnormalities in

brain function, resulting in insomnia symptoms; however, the

specific mechanism of PSI is still unclear.

Resting-state functional magnetic resonance (rs-fMRI)

measures spontaneous low-frequency fluctuations in brain

activity through blood oxygen level-dependent (BOLD) signals

(9, 10), which can not only reveal the intrinsic function of

the brain in healthy participants but also identify disease-

state changes in the intrinsic functional connectivity (FC)

of the brain (11–13) and reveal the brain mechanism of

neuromodulation in the treatment of clinical diseases (14–

16). Regional homogeneity (ReHo) (17) and amplitude of low-

frequency fluctuations (ALFF) are two important indicators of

rs-fMRI to measure regional brain functional activity. Their

post-processing techniques are mature, and the results are

stable and reliable (18, 19). Multiple studies (20–22) using

ReHo analysis in patients with primary chronic insomnia have

consistently found that ReHo values of the left cuneus and left

parahippocampal gyrus are significantly increased, while activity

abnormalities in other brain regions show variable findings in

different studies, some studies even presented conflicting results.

Most studies (20, 22) have shown that ReHo values change

in brain regions related to emotion and cognition, negative

emotions, and abnormal emotional regulation in patients with

primary chronic insomnia lead to insomnia symptoms, but

the mechanism remains unclear. However, studies (23, 24)

using ALFF analysis in patients with primary chronic insomnia

have found that the ALFF values are elevated in the temporal

and occipital lobes and decreased in the prefrontal lobe and

cerebellar hemispheres, which may be associated with cognitive

impairment and hyperactive audiovisual responses, but further

research is needed for confirmation.

We hypothesized that patients with PSI have similar arousal

mechanisms with patients with primary chronic insomnia, and

their abnormal brain functional activities may be related to their

cognition and emotion regulation. We used rs-fMRI to explore

abnormal changes in local brain function in patients with PSI

to provide a basis for further research on the neuropathological

mechanism of insomnia in patients with PSI.

Materials and methods

Participants

A total of 27 patients with insomnia after stroke were

included in the PSI group, and 27 healthy controls (HCs)

matched for age, sex, and years of education were enrolled in

this study. The quality of sleep for all participants with PSI was

assessed using the Pittsburgh Sleep Quality Index (PSQI) (25),

which was not evaluated in the HCs.

The inclusion criteria for the PSI group were as follows: (1)

All patients with stroke had ischemic stroke and the stroke lesion

was diagnosed using brain MRI in the acute phase; the history

of stroke was ≥ 6 months; the infarct location was confined

to the deep white matter or basal ganglia, thalamus, brainstem.

The lesion length in the luminal infarct was ≤ 10mm, and the

number of lesions in every patient was not limited. (2) Insomnia

symptoms were secondary to stroke and fulfilled the fifth edition

of the Diagnostic and Statistical Manual of Mental Disorders

(26) diagnostic criteria for sleep disorders. (3) PSQI score ≥ 8

[referring to the criteria proposed by Nofzinger et al. (27) in
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the American Journal of Psychiatry]. (4) The National Institutes

of Health Stroke Scale (28) was used to evaluate the severity of

stroke, and patients with a score ≤ 15 points with mild disease

were selected. (5) Participants were aged 18–75 years, right-

handed [assessed by the Edinburgh Handedness Scale (29)], and

Han Chinese.

The exclusion criteria for the PSI group were as follows: (1)

History of insomnia before the stroke occurrence. (2) Cerebral

infarcts involving the cerebral cortex or cerebellar hemispheres;

large cerebral infarcts across cerebral lobes; and the presence

of moderate or severe stenosis of the cervical or intracranial

large vessels. (3) Hearing impairment or communication

problems or claustrophobia and unable to complete the

MRI examination. (4) Presence of contraindications to MR

scannings, such as metallic foreign bodies that cannot

be removed from the body, magnetic stents, and cardiac

pacemakers. (5) History of psychiatric diseases that severely

affect brain cognitive function; or the presence of overt

dementia symptoms. (6) History of brain tumor, intracranial

infection or trauma (contusions, intracerebral hemorrhage,

encephalomalacia, subdural hematochezia, etc.), and congenital

cranial dysplasia. (7) History of alcohol dependence or other

dependence on psychotropic drugs.

The inclusion criteria for the HCs were as follows: (1)

participants were aged 18–75 years, right-handed; (2) no

insomnia symptoms or history of insomnia, and (3) no history

of intake of sedative drugs in the past 6 months. The exclusion

criteria were the same as that of the PSI group, from exclusion

criteria (3–7).

All included participants were informed regarding the

purpose, methods, and precautions of the trial before it

commenced, and they signed an informed consent form prior

to participation.

fMRI data acquisition

All participants underwent the acquisition of functional

and structural images of the brain in the resting state with a

SiemensMagnetomPrisma 3TMRI scanner (Siemens, Erlangen,

Germany), using a 64-channel head coil. The participants

were instructed to close their eyes but remain awake during

the functional scans. The three-dimensional (3D)-T1-weighted

(T1W) structural image parameters were as follows: TR/TE =

2,530/2.98ms, flip angle = 8◦, slice thickness = 1mm, no gap,

matrix= 512× 512, and field of view= 256× 256mm. A whole

brain scan was performed parallel to the midsagittal plane with

192 scanned slices. Resting-state BOLD fMRI data were acquired

using a gradient echo planar pulse sequence with Simultaneous

Multi-slice parallel acquisition from Siemens Prisma to achieve

high temporal resolution with TR = 500ms, TE = 30ms, slice

thickness = 3.5mm, no gap, field of view = 224 × 224mm,

matrix = 64 × 64, flip angle = 60◦, 35 axial slices, acquisition

time points of 960, and acquisition time of 8min and 45 s.

Data pre-processing

Pre-processing of the resting-state fMRI data was performed

using the Data Processing and Analysis for (Resting-State) Brain

Imaging software package (version 5.0, DPABI, http://rfmri.org/

DPABI) based on the MATLAB platform. The pre-processing

steps included: data conversion from the DICOM format to the

NifTi format and removal of image data of the first 10 time

points; head motion correction (excluding participants with a

displacement exceeding 3mm in 3D space and rotation angle

exceeding 3◦); spatial normalization (resampling parameter 3×

3 × 3mm), smoothing [ReHo was first analyzed and smoothed,

and ALFF and fractional ALFF (fALFF) were first smoothed

and then analyzed with a 6-mm half-height bandwidth]; and

removal of linear drift and low-frequency filtering (0.01–0.1Hz

bandwidth). Multiple linear regression analysis was used to

reduce the effects of the white matter, cerebrospinal fluid signal,

and head motion (six head motion parameters in head motion

correction as covariates) on data.

Elimination of data

During the data pre-processing, three patients with PSI were

excluded because of excessive head motion (exceeding 3mm or

3◦ of angular motion relative to the first volume). One patient

with PSI had artifacts localized to the parietal lobe on structural

T1W images which was eliminated to avoid compromising

the registration of functional images with structural images.

Ultimately, 23 patients with PSI were analyzed.

Data analysis

Data analysis of ReHo, ALFF, and fALFF was performed

using DPARSF (V5.2) in the DPABI software, and the analysis

steps were referenced from the method proposed by Zang (30,

31). ReHo analysis was used to compute Kendall’s coefficient

of concordance (KCC) between a given voxel in a time series

and its nearest 26 neighboring voxels. To reduce the influence

of individual differences on the KCC values, we normalized

the ReHo maps by dividing the KCC between each voxel by

the average KCC of the whole brain. The resulting data were

finally subjected to Gaussian space smoothing using a half-

height bandwidth of 6mm to reduce the effect of noise and

anatomical differences in the results. Each voxel-filtered time

series of the participant’s brain was converted into a spectrum

using a fast Fourier transform, and the power spectra were

obtained; the square root of the power spectrum between 0.01

Frontiers inNeurology 03 frontiersin.org

https://doi.org/10.3389/fneur.2022.1025174
http://rfmri.org/DPABI
http://rfmri.org/DPABI
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Wang et al. 10.3389/fneur.2022.1025174

and 0.08Hz was calculated and taken as ALFF, and ALFF at each

voxel was divided by the global mean ALFF value to obtain a

standardized ALFF for subsequent statistical analysis. fALFF is

the ratio obtained by dividing the power at low frequencies by

the power at full-frequency.

Statistical analysis

We used the Resting-State fMRI Data Analysis Toolkit

(REST, Song Xiaowei, http://www.restfmri.net/forum/) to

perform two-sample t-tests on two groups of ReHo, ALFF,

and fALFF images after individual normalization. Age, sex,

years of education, and head motion parameters of the two

groups were included as covariates, setting a threshold of p <

0.001 for the individual voxel level and p < 0.05 for multiple

comparisons (corrected using GRF, https://afni.nimh.nih.gov/).

To explore the correlation between alterations in each of the

above parameters and PSQI scores of sleep quality scales in

patients with PSI, we extracted the mean ReHo, ALFF, and

fALFF values of all voxels in significantly different regions

separately using REST, and then performed correlation analysis

between the mean values of significantly different regions and

PSQI scale scores in SPSS Statistics for Windows (version 25.0,

IBM Corp.). Data were evaluated for normality of distribution

and homogeneity of variance, and partial correlation analysis

was performed if the normal distribution and homogeneity of

variance were followed; age and sex were used as covariates

to determine the correlation between the two groups of data.

If the normal distribution or homogeneity of variance was

not satisfied, the values were obtained using the general linear

model regression analysis based on age and sex for all data to be

analyzed, followed by Spearman correlation analysis. Statistical

significance was set at p < 0.05.

SPSS Statistics for Windows (version 25.0, IBM Corp.) was

used to analyze the clinical data. We used the Chi-square test for

sex differences between the two groups, and an independent t-

test was used to compare the age and education level between

the two groups. Statistical significance was set at p < 0.05.

Results

Demographic and clinical data

The distribution of the ischemic stroke lesions in the 23

patients with PSI after data screening was as follows: corona

radiata area (7 cases), center of semiovale (seven cases), basal

ganglia area (18 cases), thalamus (five cases), bridge brain (eight

cases), and frontal and parietal white matter (5 cases). We

delineated the regions of interest (ROIs) on the T1W structural

image of all infarcts of the participants and used them as

templates. All the templates of the participants were fused and

superimposed. As shown in Figure 1, none of the infarct lesions

involved the brain functional areas that needed to be analyzed.

A comparison of the demographics of PSI group and HCs

is presented in Table 1. There were no significant differences in

age (p = 0.732), sex (p = 0.555), and years of education (p =

0.460) between the two groups. The duration of insomnia in the

patients with PSI was 3 to 36 months, with an average of 11.37±

6.58 months.

Results of the ReHo analysis

Comparing the ReHo values of PSI patients and HCs, we

found that the ReHo values in multiple brain regions of patients

with PSI including the bilateral lingual gyrus, right cuneus,

right precentral gyrus, and postcentral gyrus were significantly

decreased. Furthermore, the ReHo value of PSI significantly

increased in the left supramarginal gyrus (Table 2 and Figure 2).

Results of the ALFF and fALFF analyses

Compared with HCs, patients with PSI had significantly

decreased ALFF values in the bilateral lingual gyrus and

significantly increased ALFF values in the bilateral middle

temporal gyrus, right inferior temporal gyrus, right inferior

frontal gyrus (orbital and triangular parts), right limbic lobe,

right precuneus, left posterior cingulate gyrus, and left middle

occipital gyrus (Table 3 and Figure 3).

Compared with HCs, patients with PSI had significantly

decreased fALFF values in the bilateral lingual gyrus, bilateral

inferior occipital gyrus, and bilateral cuneus, but no significant

increase in fALFF values in any brain region (Table 4 and

Figure 4).

Correlation analysis between regional
brain dysfunction and PSQI scale

Among the mean values of ReHo extracted from brain

regions with significant differences, the ReHo values in the

left supramarginal gyrus were significantly negatively correlated

with the PSQI total score (r =−0.492, p= 0.023; Figure 5). The

ReHo value of the right cuneus was correlated with PSQI but

not statistically different (r = −0.408, p = 0.067). However, the

ReHo values of the other different brain regions and those with

differences in ALFF and fALFF were not significantly correlated

with the PSQI score.
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FIGURE 1

The overlapping distribution map of ischemic stroke lesions in patients with post-stroke insomnia (PSI). Di�erent colors indicate the number of

overlapping lesions at di�erent brain regions. The infarct lesions mostly located in the pons, bilateral basal ganglia, and thalamus.

TABLE 1 Demographic and clinical traits of all participants.

Characteristics PSI (n = 23) HC (n = 23) t/Z/χ2
P

Age (years) 62.48± 8.74 61.74± 5.44 −0.344 0.732

Sex (M/F) 12/11 10/13 0.348 0.555

Education (years) 11.83± 3.57 11.04± 3.66 −0.738 0.460

PSQI 14.17± 3.63 –

PSQI, Pittsburgh Sleep Quality Index; PSI, post-stroke insomnia; HC, healthy controls. –

means that there is no data of PSQI scale in the control group.

Discussion

This study showed that compared with HCs, patients

with PSI had regional brain dysfunction in multiple brain

regions, and comprehensive ReHo, ALFF, and fALFF results

revealed that the significantly different brain regions mainly

included the bilateral lingual gyrus, bilateral cuneus/precuneus,

left posterior cingulate gyrus, left supramarginal gyrus, right

precentral and postcentral gyrus, right frontal and temporal

lobes (including inferior frontal gyrus, middle temporal gyrus,

and inferior temporal gyrus), and right occipital lobe (including

TABLE 2 Brain regions with abnormal ReHo in patients with PSI.

Brain regions Voxels Peak MNI coordinates T-value

X Y Z

Cluster 1 195 −9 −87 24 −6.28

Lingual gyrus (L) 73

Cluster 2 86 15 −63 −9 −4.55

Lingual gyrus (R) 73

Cluster 3 120 12 −87 27 −5.11

Cuneus (R) 51

Cluster 4 93 −63 −51 36 5.62

Supramarginal gyrus (L) 29

Cluster 5 95 48 −15 48 −5.11

Precentral gyrus (R) 57

Postcentral gyrus (R) 36

ReHo, regional homogeneity; MNI, Montreal Neuroscience Institute; L, left; R, right. A

positive T value indicates that the ReHo value of the PSI group was higher than that of

the HCs. AAL templates were used to localize the brain regions.

the superior and inferior occipital gyri). From the functional

divisions, these brain regions were mainly distributed in the
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FIGURE 2

Statistically significant di�erences between patients with post-stroke insomnia (PSI) and healthy controls are shown in a regional homogeneity

(ReHo) map of the whole-brain with magnetic resonance imaging (MRI). Patients with PSI showed a significant ReHo increase in the left

supramarginal gyrus (warm colors), as well as a decrease in the bilateral lingual gyrus, right cuneus, right precentral gyrus, and posterior central

gyrus with decreased ReHo values (cold colors). A T-score bar is shown below and right. Red and blue denote increases and decreases in ReHo,

respectively.

TABLE 3 Brain regions with abnormal ALFF in patients with PSI.

Brain regions Voxels Peak MNI coordinates T-value

X Y Z

Cluster 1 61 66 −12 −27 6.42

Middle temporal gyrus (R) 36

Inferior temporal gyrus (R) 23

Cluster 2 64 48 36 −12 6.17

Inferior frontal gyrus

(orbital) (R)

36

Inferior frontal gyrus

(triangular) (R)

27

Cluster 3 72 15 −51 −9 −5.28

Lingual gyrus(R) 57

Cluster 4 59 −18 −60 −6 −5.51

Lingual gyrus (L) 55

Cluster 5 74 3 −57 18 5.03

Limbic lobe (R) 52

Precuneus (R) 31

Posterior cingulate

gyrus (L)

15

Cluster 6 103 −60 54 27 6.66

Middle temporal gyrus (L) 35

Middle occipital gyrus (L) 17

ALFF, amplitude of low-frequency fluctuations; MNI, Montreal Neuroscience Institute;

L, left; R, right. A positive T value indicates that the ALFF value of the PSI group is higher

than that of the HCs. AAL templates were used to localize the brain regions.

visual processing-related cortex (e.g., lingual gyrus, middle

temporal gyrus, and superior and inferior occipital gyrus),

sensorimotor cortex (e.g., right precentral and postcentral

gyrus), and some default mode network (DMN) (32) brain

regions (e.g., cuneus/precuneus and posterior cingulate gyrus),

suggesting that the mechanism of insomnia in patients with PSI

might be associated with abnormalities in brain functions, such

as visual processing, sensorimotor, and DMN.

Visual cortex dysfunction in patients with
PSI

In this study, we found that the bilateral lingual gyrus

showed a significant decrease in the ReHo, ALFF, and fALFF

values, and the right inferior occipital gyrus also showed a

significant decrease in the fALFF values. Previous studies

(33–37) have shown that both the occipital lobes and lingual

gyrus belong to the visual center, and the lingual gyrus

has an important role in visual judgment and processing,

which is mainly involved in visual information processing,

and in preserving visual working memory information and

working consolidation. Recent studies (38, 39) have argued

that the dysfunction of the visual cortical neurons may also

be an important factor in primary insomnia. Several studies

(40–43) have shown some degree of brain dysfunction in
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FIGURE 3

Statistically significant di�erences between post-stroke insomnia (PSI) patients and healthy controls are shown in the amplitude of

low-frequency fluctuation (ALFF) map of the whole brain with magnetic resonance imaging (MRI). Patients with PSI showed a significant ALFF

increase in the bilateral middle temporal gyrus, right inferior temporal gyrus, right inferior frontal gyrus, right limbic lobe, right precuneus, left

posterior cingulate gyrus, and left middle occipital gyrus (warm colors), as well as a decrease in the bilateral lingual gyrus with decreased ALFF

values (cold colors). A T-score bar is shown below and right. Red and blue denote increases and decreases in ALFF, respectively.

TABLE 4 Brain regions with abnormal fALFF in patients with PSI.

Brain

regions

Voxels Coordinate (Peak MNI, X Y Z) T-value

Cluster 1 63 −36 −90 −18 −5.66

Inferior

occipital gyrus

(L)

33

Cluster 2 118 18 −51 −12 −5.85

Lingual gyrus

(R)

75

Cluster 3 82 39 −69 0 −6.36

Inferior

occipital gyrus

(R)

43

Cluster 4 263 −9 −81 21 −5.70

Lingual gyrus

(L)

102

Cuneus (R) 37

fALFF, fractional amplitude of low-frequency fluctuation; MNI, Montreal Neuroscience

Institute; L, left; R, right. A negative T value indicates that the fALFF value of the

PSI group is lower than that of the HCs. AAL templates were used to localize the

brain regions.

the visual central brain regions such as the lingual gyrus

or occipital lobe, including migraines, anxiety symptoms,

apnea syndrome, and cognitive impairment in patients

with Parkinson’s disease and hepatic encephalopathy, also

indicating that the visual cortex is associated with cognitive

and anxiety states. In a study of children with obstructive

sleep apnea (44), the patient group showed significantly

decreased ReHo values in the right lingual gyrus and left

precuneus. The ReHo values in the right lingual gyrus were

negatively correlated with verbal intelligence quotient (IQ)

and full-scale IQ on the Wechsler Adult Intelligence Scale,

indicating that the lingual gyrus also has some correlation

with cognitive performance. In a study that employed visual

picture stimuli for arousal (45), the precentral cortex and

cingulate cortex of patients with psychophysiological insomnia

exhibited higher BOLD activation to the stimuli, which was

an overreaction; the overreaction of these brain regions

tended to normalize after treatment by cognitive-behavioral

therapy, indicating that the stimulation of the visual cortex

in patients with insomnia is important for its return

to normalcy.

Our results showing reduced brain activity in the

bilateral lingual gyrus and right inferior occipital gyrus

are consistent with previous studies on brain function in

patients with primary insomnia, which may be explained

by visual cortex-related cognitive decline and abnormal

emotion regulation in patients with PSI. Based on the

present and previous studies, we suggest that insomnia in

patients with PSI causes a persistent reduction in visual

cortical activity and, consequently, impaired cognition

and anxiety.
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FIGURE 4

Statistically significant di�erences between post-stroke insomnia (PSI) patients and healthy controls are shown in the fractional amplitude of

low-frequency fluctuation (fALFF) map of the whole brain with magnetic resonance imaging (MRI). Patients with PSI showed a significant

decrease in fALFF in the bilateral lingual gyrus, bilateral inferior occipital gyrus, and bilateral cuneus (cold colors); no regions with increased

fALFF were found. A T-score bar is shown below and right. Red and blue denote increases and decreases in fALFF, respectively.

FIGURE 5

Significant negative correlation between regional homogeneity (ReHo) values and Pittsburgh Sleep Quality Index (PSQI) total score in the left

supramarginal gyrus.

Frontiers inNeurology 08 frontiersin.org

https://doi.org/10.3389/fneur.2022.1025174
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Wang et al. 10.3389/fneur.2022.1025174

DMN dysfunction in patients with PSI

In this study, we found that the ALFF values increased

in the right precuneus, right limbic lobe, and left posterior

cingulate gyrus in patients with PSI. According to previous

studies (46), both the precuneus and the posterior cingulate

gyrus are important to brain regions in the DMN, and

their connections to structures such as the hippocampus are

important and sensitive to arousal mechanisms. The DMN is

associated with excessive arousal of brain regions, and under

normal physiological conditions, the neural activity of the

DMN is more active during the awake resting state than

during the task state but is shifted from the awake resting

state to sleep, particularly during deep sleep, where functional

activity in multiple brain regions is significantly diminished.

Previous studies (47, 48) have also shown that the DMN of

patients with primary insomnia disorder remains active during

sleep. The DMN of patients with psychophysiological insomnia

shows an exaggerated arousal response to sleep-related stimuli,

and this overreaction can be reduced by effective behavioral

treatments (45).

Previous studies (49) have argued that the precuneus is

critically involved in episodic memory, emotion regulation,

and self-thinking. The precuneus has been shown to play

a central role in several highly integrated tasks, including

visuospatial image processing, episodic memory retrieval, and

self-regulation processing (50). Zhao et al. (51) analyzed the

ALFF between patients with primary insomnia and normal

controls and found a significant increase in the ALFF values

in the right precuneus, which in turn showed a significant

decrease after auricular vagal stimulation of patients with

insomnia, which is believed to regulate the spontaneous activity

of precuneus neurons. Inhibiting introspection and improving

excessive arousal in the cerebral cortex of patients may be

a key mechanism for stimulating the vagus nerve to treat

primary insomnia. In this study, we also found that the

ALFF value in the right precuneus was significantly higher

in patients with PSI. Thus, we believe that excessive arousal

of the DMN is one of the reasons for insomnia in patients

with PSI.

Sensorimotor cortex dysfunction in
patients with PSI

In this study, we found that ReHo values in the right

precentral and postcentral gyri were significantly lower in

patients with PSI than in HCs. The precentral and postcentral

gyri belong to the sensorimotor cortex, which sends out nerve

fibers to control the voluntary movement of skeletal muscles

and to receive various sensations from the soma, including

temperature and pain. Abnormalities in the sensorimotor cortex

have also been mentioned in previous functional neuroimaging

studies of patients with primary insomnia. Huang et al. (52)

found increased FC between the sensorimotor cortex, premotor

cortex, and amygdala in patients with primary insomnia

compared with healthy controls, and the authors suggested

that this increase in FC indicates a compensatory mechanism

to overcome the negative effects of insufficient sleep. Killgore

et al. (38) found enhanced FC between the primary sensory

areas and the supplementary motor cortex in patients with

insomnia who had difficulty falling asleep, whereas this result

was not observed in those with insomnia who had difficulty

maintaining their sleep state. These studies considered an

increased functional activity in the sensorimotor cortex as a

compensatory mechanism, which is less consistent with our

findings; this may be due to different study participants leading

to different results since stroke patients have multiple sites of

infarct lesions. First, although we selected patients with lacunar

infarcts to avoid the effects of corticospinal tract damage on the

functional activity of the corresponding cortex, this may not be

completely avoidable. Second, the compensatory mechanisms

mentioned in these studies on primary insomnia may be

insufficient to compensate for the decline in the sensorimotor

cortex function caused by brain damage at the infarct lesion.

Third, most fMRI studies of patients with insomnia disorder

do not consider the duration of insomnia symptoms, and

it is possible that, among patients with a longer duration,

compensatory mechanisms in the sensorimotor cortex slowly

weaken, eventually entering the decompensation phase, which

leads to reduced functional activity in the precentral and

postcentral gyri cortices.

The left supramarginal gyrus dysfunction
in patients with PSI

Our study showed that the ReHo value of the left

supramarginal gyrus was significantly increased and negatively

correlated with the PSQI score. As a part of the somatosensory

associative cortex in the brain, the supramarginal gyrus is an

important functional node that plays an important role in

touch, spatial and limb position perception, vision, reading,

and language (53–55). One study (56) also suggested that

the supramarginal gyrus is involved in emotional control,

egocentricity, and episodic memory. Another study (57) in

patients with chronic insomnia has shown that the FC between

the left supramarginal gyrus and the left middle frontal gyrus

increases, suggesting that patients with chronic insomnia have

an overreaction to tactile, visual, and auditory stimuli; and this

suggests that the hyperarousal state of the posterior sensory

cortex in the locus coeruleus noradrenergic system is crucial

for chronic insomnia disorder patients in the modulation of

emotions and the sleep/wake cycle. Our results showed that the

ReHo value in the left supramarginal gyrus was significantly

increased, which may also be related to the hyperarousal state
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caused by the hypersensitivity of auditory and visual perception

in patients with PSI.

Limitations

Our study correlates with several limitations. First, a

relatively small sample size in this study may reduce the

statistical power and the reproducibility of a study, we will

continue to recruit more patients in further work. Second,

the patients with PSI have high heterogeneity because of

their different duration and severity of stroke. Some patients

may also complain of hypertension or type 2 diabetes, which

exist a potential influence on the quality of sleep, therefore,

affected the assessment of insomnia. Third, the cognitive and

emotional scales were not assessed in patients and the PSQI

scales were not assessed in the HCs, we plan to include the

screening of cognitive behaviors, anxiety, and depression in the

enrolled patients with PSI in further study. More replicated

research with a larger sample size is needed to confirm our

study results.

Conclusion

In general, by analyzing the regional brain functions of

patients with PSI using rs-fMRI, we found that they have

abnormal local activities in multiple brain regions, including

the visual processing-related cortex, sensorimotor cortex, and

some DMN regions. Over-arousal of the DMN and over-

sensitivity of audiovisual stimuli in patients with PSI may be

the main mechanisms of insomnia and can lead to a decline

in cognitive function and abnormalities in emotion regulation

simultaneously. The significant reduction in regional functional

activity in the sensorimotor cortex in patients with PSI may be

associated with brain damage in stroke, and this needs to be

confirmed by further studies.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

Written informed consent was obtained from the

individual(s) for the publication of any potentially identifiable

images or data included in this article.

Author contributions

HW, YH, and SQ: study concepts and study design. HY

and DX: data acquisition. ML, JA, and SQ: quality control

of data. ML, HW, and YH: data analysis and interpretation

and manuscript preparation. JA and DX: statistical analysis.

HW, YH, ML, HY, JA, XL, DX, and SQ: manuscript

editing and reviewing. All authors read and approved the

final manuscript.

Funding

This research received funding from the Key International

Cooperation Project of National Natural Science Foundation

of China (81920108019) as well as support from the

Innovation and Strengthening Project of the First Affiliated

Hospital of Guangzhou University of Traditional Chinese

Medicine (2019QN25).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Baylan S, Griffiths S, Grant N, Broomfield NM, Evans JJ, Gardani
M. Incidence and prevalence of post-stroke insomnia: a systematic review
and meta-analysis. Sleep Med Rev. (2020) 49:101222. doi: 10.1016/j.smrv.2019.
101222

2. Katzan IL, Thompson NR, Walia HK, Moul DE, Foldvary-
Schaefer N. Sleep-related symptoms in patients with mild
stroke. J Clin Sleep Med. (2020) 16:55–64. doi: 10.5664/jcsm.
8122

3. Sterr A, Kuhn M, Nissen C, Ettine D, Funk S, Feige B, et al. Post-
stroke insomnia in community-dwelling patients with chronic motor stroke:
physiological evidence and implications for stroke care. Sci Rep. (2018)
8:8409. doi: 10.1038/s41598-018-26630-y

4. Duss SB, Brill AK, Bargiotas P, Facchin L, Alexiev F, Manconi M, et al.
Sleep-wake disorders in stroke-increased stroke risk and deteriorated recovery? An
evaluation on the necessity for prevention and treatment. Curr Neurol Neurosci
Rep. (2018) 18:72. doi: 10.1007/s11910-018-0879-6

Frontiers inNeurology 10 frontiersin.org

https://doi.org/10.3389/fneur.2022.1025174
https://doi.org/10.1016/j.smrv.2019.101222
https://doi.org/10.5664/jcsm.8122
https://doi.org/10.1038/s41598-018-26630-y
https://doi.org/10.1007/s11910-018-0879-6
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Wang et al. 10.3389/fneur.2022.1025174

5. Hosinian M, Qujeq D, Ahmadi Ahangar A. The relation between gaba and l-
arginine levels with some stroke risk factors in acute ischemic stroke patients. Int J
Mol Cell Med. (2016) 5:100–105

6. Vazquez-DeRose J, Schwartz MD, Nguyen AT, Warrier DR, Gulati S, Mathew
TK, et al. Hypocretin/orexin antagonism enhances sleep-related adenosine and
GABA neurotransmission in rat basal forebrain. Brain Struct Funct. (2016)
221:923–40. doi: 10.1007/s00429-014-0946-y

7. Sun H, Kennedy WP, Wilbraham D, Lewis N, Calder N, Li X, et al. Effects
of suvorexant, an orexin receptor antagonist, on sleep parameters as measured by
polysomnography in healthy men. Sleep. (2013) 36:259–67. doi: 10.5665/sleep.2386

8. Zhong Y, Zheng Q, Hu P, Huang X, Yang M, Ren G, et al. Sedative and
hypnotic effects of compound Anshen essential oil inhalation for insomnia. BMC
Complement Altern Med. (2019) 19:306. doi: 10.1186/s12906-019-2732-0

9. Vakamudi K, Posse S, Jung R, Cushnyr B, Chohan MO. Real-time presurgical
resting-state fMRI in patients with brain tumors: Quality control and comparison
with task-fMRI and intraoperative mapping. Hum Brain Mapp. (2020) 41:797–
814. doi: 10.1002/hbm.24840

10. Peng ZY, Liu YX Li B, Ge QM, Liang RB Li QY, et al. Altered spontaneous
brain activity patterns in patients with neovascular glaucoma using amplitude of
low-frequency fluctuations: a functional magnetic resonance imaging study. Brain
Behav. (2021) 11:e02018. doi: 10.1002/brb3.2018

11. Bluhm RL, Clark CR, McFarlane AC, Moores KA, ShawME, Lanius RA, et al.
Default network connectivity during a working memory task. Hum Brain Mapp.
(2011) 32:1029–35. doi: 10.1002/hbm.21090

12. Lee MH, Smyser CD, Shimony JS. Resting-state fMRI: a review of
methods and clinical applications. AJNR Am J Neuroradiol. (2013) 34:1866–
72. doi: 10.3174/ajnr.A3263

13. Khosla M, Jamison K, Ngo GH, Kuceyeski A, Sabuncu MR. Machine
learning in resting-state fMRI analysis. Magn Reson Imaging. (2019) 64:101–
21. doi: 10.1016/j.mri.2019.05.031

14. Jiang J, Zou G, Liu J, Zhou S, Xu J, Sun H, et al. Functional connectivity of
the human hypothalamus during wakefulness and nonrapid eye movement sleep.
Hum Brain Mapp. (2021) 42:3667–79. doi: 10.1002/hbm.25461

15. Kilpatrick LA, Coveleskie K, Connolly L, Labus JS, Ebrat B, Stains J,
et al. Influence of sucrose ingestion on brainstem and hypothalamic intrinsic
oscillations in lean and obese women. Gastroenterology. (2014) 146:1212–
21. doi: 10.1053/j.gastro.2014.01.023

16. Kesler SR, Blayney DW. Neurotoxic effects of anthracycline- vs
nonanthracycline-based chemotherapy on cognition in breast cancer survivors.
JAMA Oncol. (2016) 2:185–92. doi: 10.1001/jamaoncol.2015.4333

17. Zuo XN, Xu T, Jiang L, Yang Z, Cao XY, He Y. Toward reliable
characterization of functional homogeneity in the human brain: preprocessing,
scan duration, imaging resolution and computational space. Neuroimage. (2013)
65:374–86. doi: 10.1016/j.neuroimage.2012.10.017

18. Sbaihat H, Rajkumar R, Ramkiran S, Assi AA, Felder J, Shah NJ, et al.
Test-retest stability of spontaneous brain activity and functional connectivity
in the core resting-state networks assessed with ultrahigh field 7-Tesla resting-
state functional magnetic resonance imaging. Hum Brain Mapp. (2022) 43:2026–
40. doi: 10.1002/hbm.25771

19. Zou Q, Miao X, Liu D, Wang DJ, Zhuo Y, Gao JH. Reliability
comparison of spontaneous brain activities between BOLD and CBF contrasts
in eyes-open and eyes-closed resting states. Neuroimage. (2015) 121:91–
105. doi: 10.1016/j.neuroimage.2015.07.044

20.Wang T, Li S, Jiang G, Lin C, LiM,Ma X, et al. Regional homogeneity changes
in patients with primary insomnia. Eur Radiol. (2016) 26:1292–300.

21. Dai XJ, Peng DC, Gong HH, Wan AL, Nie X, Li HJ, et al. Altered intrinsic
regional brain spontaneous activity and subjective sleep quality in patients with
chronic primary insomnia: a resting-state fMRI study. Neuropsychiatr Dis Treat.
(2014) 10:2163–175. doi: 10.2147/NDT.S69681

22. Zhang Y, Zhang Z, Wang Y, Zhu F, Liu X, Chen W, et al. Dysfunctional
beliefs and attitudes about sleep are associated with regional homogeneity of
left inferior occidental gyrus in primary insomnia patients: a preliminary resting
state functional magnetic resonance imaging study. Sleep Med. (2021) 81:188–
93. doi: 10.1016/j.sleep.2021.02.039

23. Li C, Ma X, Dong M, Yin YI, Hua K, Li M, et al. Abnormal
spontaneous regional brain activity in primary insomnia: a resting-state functional
magnetic resonance imaging study. Neuropsychiatr Dis Treat. (2016) 12:1371–
8. doi: 10.2147/NDT.S109633

24. Dai XJ, Nie X, Liu X, Pei L, Jiang J, Peng DC, et al. Gender
differences in regional brain activity in patients with chronic primary insomnia:
evidence from a resting-state fMRI study. J Clin Sleep Med. (2016) 12:363–
74. doi: 10.5664/jcsm.5586

25. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The pittsburgh
sleep quality index: a new instrument for psychiatric practice and research.
Psychiatry Res. (1989) 28:193–213. doi: 10.1016/0165-1781(89)90047-4

26. American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5). Washington, DC: American Psychiatric
Association (2013).

27. Nofzinger EA, Buysse DJ, Germain A, Price JC, Miewald JM, Kupfer DJ, et al.
Functional neuroimaging evidence for hyperarousal in insomnia. Am J Psychiatry.
(2004) 161:2126–8. doi: 10.1176/appi.ajp.161.11.2126

28. Lyden P. Using the national institutes of health stroke scale: a cautionary tale.
Stroke. (2017) 48:513–9. doi: 10.1161/STROKEAHA.116.015434

29. Oldfield RC. The assessment and analysis of handedness: the Edinburgh
inventory. Neuropsychologia. (1971) 9:97–113. doi: 10.1016/0028-3932(71)
90067-4

30. Zang Y, Jiang T, Lu Y, He Y, Tian L. Regional homogeneity
approach to fMRI data analysis. Neuroimage. (2004) 22:394–
400. doi: 10.1016/j.neuroimage.2003.12.030

31. Zang YF, He Y, Zhu CZ. Altered baseline brain activity in children
with ADHD revealed by resting-state functional MRI. Brain Dev. (2007) 29:83–
91. doi: 10.1016/j.braindev.2006.07.002

32. Raichle ME. The brain’s default mode network. Annu Rev Neurosci. (2015)
38:433–47. doi: 10.1146/annurev-neuro-071013-014030

33. Qu H, Wang Y, Yan T, Zhou J, Lu W, Qiu J. Data-driven parcellation
approaches based on functional connectivity of visual cortices in primary open-
angle glaucoma. Invest Ophthalmol Vis Sci. (2020) 61:33. doi: 10.1167/iovs.61.8.33

34. Chen T, Yu W, Xie X, Ge H, Fu Y, Yang D, et al. Influence of gonadotropin
hormone releasing hormone agonists on interhemispheric functional connectivity
in girls with idiopathic central precocious puberty. Front Neurol. (2020)
11:17. doi: 10.3389/fneur.2020.00017

35. Bak Y, Nah Y, Han S, Lee SK, Shin NY. Altered neural substrates within
cognitive networks of postpartum women during working memory process and
resting-state. Sci Rep. (2020) 10:9110. doi: 10.1038/s41598-020-66058-x

36. Emrich SM, Riggall AC, LaRocque JJ, Postle BR. Distributed
patterns of activity in sensory cortex reflect the precision of multiple
items maintained in visual short-term memory. J Neurosci. (2013)
33:6516–23. doi: 10.1523/JNEUROSCI.5732-12.2013

37. Makovski T, Lavidor M. Stimulating occipital cortex enhances
visual working memory consolidation. Behav Brain Res. (2014)
275:84–7. doi: 10.1016/j.bbr.2014.09.004

38. Killgore WD, Schwab ZJ, Kipman M, DelDonno SR, Weber M. Insomnia-
related complaints correlate with functional connectivity between sensory-
motor regions. Neuroreport. (2013) 24:233–40. doi: 10.1097/WNR.0b013e328
35edbdd

39. Zhao L, Wang E, Zhang X, Karama S, Khundrakpam B, Zhang H,
et al. Cortical structural connectivity alterations in primary insomnia: insights
from MRI-based morphometric correlation analysis. Biomed Res Int. (2015)
2015:817595. doi: 10.1155/2015/817595

40. Lei M, Zhang J. Brain function state in different phases and its relationship
with clinical symptoms of migraine: an fMRI study based on regional homogeneity
(ReHo). Ann Transl Med. (2021) 9:928. doi: 10.21037/atm-21-2097

41. Wei HL Li J, Guo X, Zhou GP, Wang JJ, Chen YC, et al. Functional
connectivity of the visual cortex differentiates anxiety comorbidity
from episodic migraineurs without aura. J Headache Pain. (2021)
22:40. doi: 10.1186/s10194-021-01259-x

42. Wei HL, Zhou X, Chen YC Yu YS, Guo X, Zhou GP, et al. Impaired
intrinsic functional connectivity between the thalamus and visual cortex in
migraine without aura. J Headache Pain. (2019) 20:116. doi: 10.1186/s10194-019-
1065-1

43. Wei HL, Chen J, Chen YC Yu YS, Zhou GP, Qu LJ, et al. Impaired functional
connectivity of limbic system in migraine without aura. Brain Imaging Behav.
(2020) 14:1805–14. doi: 10.1007/s11682-019-00116-5

44. Ji T, Li X, Chen J, Ren X, Mei L, Qiu Y, et al. Brain function in
children with obstructive sleep apnea: a resting-state fMRI study. Sleep. (2021)
44:zsab047. doi: 10.1093/sleep/zsab047

45. Kim SJ, Lee YJ, Kim N. Exploration of changes in the brain response to
sleep-related pictures after cognitive-behavioral therapy for psychophysiological
insomnia. Sci Rep. (2017) 7:12528. doi: 10.1038/s41598-017-13065-0

46. Shannon BJ, Dosenbach RA, Su Y, Vlassenko AG, Larson-Prior LJ, Nolan
TS. Morning-evening variation in human brain metabolism and memory circuits.
J Neurophysiol. (2013) 109:1444–56. doi: 10.1152/jn.00651.2012

Frontiers inNeurology 11 frontiersin.org

https://doi.org/10.3389/fneur.2022.1025174
https://doi.org/10.1007/s00429-014-0946-y
https://doi.org/10.5665/sleep.2386
https://doi.org/10.1186/s12906-019-2732-0
https://doi.org/10.1002/hbm.24840
https://doi.org/10.1002/brb3.2018
https://doi.org/10.1002/hbm.21090
https://doi.org/10.3174/ajnr.A3263
https://doi.org/10.1016/j.mri.2019.05.031
https://doi.org/10.1002/hbm.25461
https://doi.org/10.1053/j.gastro.2014.01.023
https://doi.org/10.1001/jamaoncol.2015.4333
https://doi.org/10.1016/j.neuroimage.2012.10.017
https://doi.org/10.1002/hbm.25771
https://doi.org/10.1016/j.neuroimage.2015.07.044
https://doi.org/10.2147/NDT.S69681
https://doi.org/10.1016/j.sleep.2021.02.039
https://doi.org/10.2147/NDT.S109633
https://doi.org/10.5664/jcsm.5586
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1176/appi.ajp.161.11.2126
https://doi.org/10.1161/STROKEAHA.116.015434
https://doi.org/10.1016/0028-3932(71)90067-4
https://doi.org/10.1016/j.neuroimage.2003.12.030
https://doi.org/10.1016/j.braindev.2006.07.002
https://doi.org/10.1146/annurev-neuro-071013-014030
https://doi.org/10.1167/iovs.61.8.33
https://doi.org/10.3389/fneur.2020.00017
https://doi.org/10.1038/s41598-020-66058-x
https://doi.org/10.1523/JNEUROSCI.5732-12.2013
https://doi.org/10.1016/j.bbr.2014.09.004
https://doi.org/10.1097/WNR.0b013e32835edbdd
https://doi.org/10.1155/2015/817595
https://doi.org/10.21037/atm-21-2097
https://doi.org/10.1186/s10194-021-01259-x
https://doi.org/10.1186/s10194-019-1065-1
https://doi.org/10.1007/s11682-019-00116-5
https://doi.org/10.1093/sleep/zsab047
https://doi.org/10.1038/s41598-017-13065-0
https://doi.org/10.1152/jn.00651.2012
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Wang et al. 10.3389/fneur.2022.1025174

47. Larson-Prior LJ, Power JD, Vincent JL, Nolan TS, Coalson RS. Modulation
of the brain’s functional network architecture in the transition from wake to sleep.
Prog Brain Res. (2011) 193:277–94. doi: 10.1016/B978-0-444-53839-0.00018-1

48. Sämann PG, Wehrle R, Hoehn D, Spoormaker VI, Peters H, Tully C, et al.
Development of the brain’s default mode network from wakefulness to slow wave
sleep. Cereb Cortex. (2011) 21:2082–93. doi: 10.1093/cercor/bhq295

49. Marques DR, Gomes AA, Caetano G, Castelo-Branco M. Insomnia
disorder and brain’s default-mode network. Curr Neurol Neurosci Rep. (2018)
18:45. doi: 10.1007/s11910-018-0861-3

50. Cavanna AE, Trimble MR. The precuneus: a review of its functional anatomy
and behavioural correlates. Brain. (2006) 129:564–83. doi: 10.1093/brain/awl004

51. Zhao B, Bi Y, Li L. The instant spontaneous neuronal activity modulation
of transcutaneous auricular vagus nerve stimulation on patients with primary
insomnia. Front Neurosci. (2020) 14:205. doi: 10.3389/fnins.2020.00205

52. Huang Z, Liang P, Jia X, Zhan S, Li N, Ding Y, et al. Abnormal amygdala
connectivity in patients with primary insomnia: evidence from resting state fMRI.
Eur J Radiol. (2012) 81:1288–95. doi: 10.1016/j.ejrad.2011.03.029

53. Mitchell RH, Metcalfe AW, Islam AH, Toma S, Patel R,
Fiksenbaum L. Sex differences in brain structure among adolescents with
bipolar disorder. Bipolar Disord. (2018) 20: 448–58. doi: 10.1111/bdi.
12663

54. Youssofzadeh V, Vannest J, Kadis DS. fMRI connectivity of expressive
language in young children and adolescents. Hum Brain Mapp. (2018) 39:3586–
96. doi: 10.1002/hbm.24196

55. Guidali G, Pisoni A, Bolognini N, Papagno C. Keeping order in the brain:
the supramarginal gyrus and serial order in short-term memory. Cortex. (2019)
119:89–99. doi: 10.1016/j.cortex.2019.04.009

56. Rubinstein DY, Camarillo-Rodriguez L, Serruya MD. Contribution of left
supramarginal and angular gyri to episodic memory encoding: an intracranial EEG
study. Neuroimage. (2021) 225:117514. doi: 10.1016/j.neuroimage.2020.117514

57. Gong L, Shi M, Wang J, Xu R, Yu S, Liu D, et al. The abnormal
functional connectivity in the locus coeruleus-norepinephrine system associated
with anxiety symptom in chronic insomnia disorder. Front Neurosci. (2021)
15:678465. doi: 10.3389/fnins.2021.678465

Frontiers inNeurology 12 frontiersin.org

https://doi.org/10.3389/fneur.2022.1025174
https://doi.org/10.1016/B978-0-444-53839-0.00018-1
https://doi.org/10.1093/cercor/bhq295
https://doi.org/10.1007/s11910-018-0861-3
https://doi.org/10.1093/brain/awl004
https://doi.org/10.3389/fnins.2020.00205
https://doi.org/10.1016/j.ejrad.2011.03.029
https://doi.org/10.1111/bdi.12663
https://doi.org/10.1002/hbm.24196
https://doi.org/10.1016/j.cortex.2019.04.009
https://doi.org/10.1016/j.neuroimage.2020.117514
https://doi.org/10.3389/fnins.2021.678465
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Regional brain dysfunction in insomnia after ischemic stroke: A resting-state fMRI study
	Introduction
	Materials and methods
	Participants 
	fMRI data acquisition
	Data pre-processing
	Elimination of data
	Data analysis
	Statistical analysis

	Results
	Demographic and clinical data
	Results of the ReHo analysis
	Results of the ALFF and FALFF analyses
	Correlation analysis between regional brain dysfunction and PSQI scale

	Discussion
	Visual cortex dysfunction in patients with PSI
	DMN dysfunction in patients with PSI
	Sensorimotor cortex dysfunction in patients with PSI
	The left supramarginal gyrus dysfunction in patients with PSI
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


