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1 | INTRODUCTION

| Yuezhi Wang | Yu Zhang

Abstract

Objective: It is unclear how alterations in gray matter volume and white matter
density affect elderly patients with irritable bowel syndrome (IBS). This study aimed
to investigate the relationship between structural changes in the brain and psycho-
logical stress in elderly IBS patients.

Methods: Eighteen IBS patients and 12 healthy controls underwent structural mag-
netic resonance imaging. Voxel-based morphometry and diffusion tensor imaging anal-
ysis were used to identify abnormalities in cortical regions and white matter,
respectively.

Results: The IBS group showed a significant GMV reduction in the cingulate gyrus,
occipital lobe, hippocampus, frontal lobe, medial frontal gyrus, superior frontal gyrus,
and limbic lobe as well as a higher GMV in the insula, superior temporal gyrus,
angular gyrus, and supramarginal gyrus. Diffusion tensor imaging indicated that the
IBS group had lower fractional anisotropy in the corpus callosum, upper corona, for-
nix, internal capsule, and brainstem. Additionally, IBS patients showed higher mean
diffusivity in the cingulate gyrus, corpus callosum, upper corona, internal capsule,
external capsule, fornix, and superior longitudinal fasciculus.

Conclusion: Structural changes in the brain play a role in the condition of elderly
IBS patients. Psychological stress is an important factor for developing IBS via the

hypothalamic-pituitary-adrenal axis.
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and psychosocial factors, such as depression, somatization, and
heightened anxiety.*® Previous studies have recognized a link

Irritable bowel syndrome (IBS) is a functional gastrointestinal disor-
der characterized by abdominal discomfort, cramps, or pain associ-
ated with alterations in bowel habits, affecting 11.2% of the global
population.'® Many studies have shown that IBS patients have
altered gastrointestinal motility, visceral and somatic hypersensitivity,

Zhao and Wang contributed equally to this work.

between gastrointestinal sensory and psychological processes and
motor functions; however, more and more studies suggest that the
dysregulation of the brain-gut axis, including abnormal central ner-
vous systems and gastrointestinal dysfunction, is associated with
IBS.”® Additionally, stress can result in overactivity or underactivity
of the autonomic nervous, metabolic, and even immune systems
though the hypothalamic-pituitary-adrenal (HPA) axis, which could
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alter brain-gut interactions, and ultimately affect different physiologi-
cal functions of the gastrointestinal tract.

Recent brain imaging studies have indicated abnormal pain-
related activation in IBS patients. Structural magnetic resonance
imaging (sMRI) has emerged as a tool with great potential to study
brain anatomy.® Recently, many studies have reported the abnormal-
ities of gray matter density in various chronic pain populations; they
found that a decreased gray matter density was associated with
chronic pain. Geha et al’ showed that reduced gray matter density
in the right insular cortex, nucleus accumbens, and ventromedial pre-
frontal cortex was related to chronic regional pain syndrome. Fur-
thermore, evidence for central alterations in IBS chronic pelvic pain
or vulvodynia was found in gray matter density or gray matter vol-
ume (GMV).2° Using diffusion tensor imaging (DTI), white matter
abnormalities in the insula and anterior cingulate cortex were found
in IBS patients.!?

During brain growth and healthy aging, human brain morphol-
ogy changes in a specific pattern of development and atrophy. Pre-
vious studies have reported that GMV significantly decreases with
age from the 20s to the 70s; however, white matter volume
changes only slightly.* It is not clear whether age-related GMV
changes react to the development of IBS. In many cases, IBS is
associated with mood swings, anxiety, or anger.'?*® However, older
adults may have less tendency for outbursts or feelings of anger
and anxiety compared with younger adults. Overall, relations among
stress, brain morphology, and IBS in older people have not been
reported.

The present study attempted to compare network properties and
morphological brain architecture between elderly IBS patients and
healthy controls (HCs). It aimed to test whether: (a) abnormal cortical
thickness in key brain regions, such as the limbic lobe, insula, and hip-
pocampus, is associated with increased rectal sensitivity; (b) gray mat-
ter abnormalities are accompanied by white matter abnormalities in
IBS patients; and (c) abnormal feelings, such as depression and anxiety,
explain some of the structural differences in the brain between IBS

patients and HCs.

2 | MATERIALS AND METHODS

2.1 | Subjects

Data of clinical and neuropsychological examinations were collected
from elderly IBS patients who were admitted to the Huashan Hospi-
tal between September 2013 and February 2015. The inclusion cri-
teria were as follows: (a) patients aged 60-89 years who were right-
handed and lived in Shanghai with Chinese as their native language;
(b) patients who were diagnosed with IBS using the Rome Il criteria;
and (c) patients who could understand and sign the informed con-
sent.

Gender and education levels were not limited. In this study,
brain MRI was performed to exclude brain tumors. This study was
approved by the ethics committee of Huashan Hospital (2015-
165).

2.2 | Questionnaire

Each participant completed the Zung Self-Rating Anxiety Scale
(SAS) and the Zung Self-Rating Depression Scale (SDS), which
comprise 20 statements of feelings related to anxiety and depres-
sion, respectively. Patients were asked to rate the degree to
which they had these feelings using a numerical scale from O (not

at all or rarely) to 4 (most or all of the time).

2.3 | MRI protocol

A magnetic resonance scanner (GE Discovery MR 750 3.0 T, General
Electric Company, Fairfield, CT, USA) with a 12-channel head coil was
used. Conventional scans included sagittal TIWI scan, axial TAWI and
T2WI, as well as fluid-attenuated inversion recovery (FLAIR) and diffu-
sion-weighted imaging (DWI) scans. Sagittal T1WI scanning (repetition
time [TR] = 2000 ms, echo time [TE] = 18 ms, field of view [FOV] =
240 x 240 mm?, thickness of layers = 5 mm, and matrix size = 320 x
240) was performed after three-plane positioning. The joint line with
the front and rear connected was used as the baseline of scanning to
perform oblique axis scanning, and axial TIWI (TR = 2000 ms, TE =
17 ms, FOV = 200 x 230 mm?, thickness of layers = 6 mm, and
matrix size = 320 x 168) was performed. Axial T2WI was performed
with 3500 ms TR, 95 ms TE, 200 x 230 mm? FOV, 6-mm thick layers,
and a matrix of 256 x 256. Axial FLAIR (TR = 9000 ms, TE = 102 ms,
FOV = 200 x 230 mm?, thickness of layers = 6 mm, and matrix size =
256 x 190) was conducted as well. DWI of axial magnetic resonance
was carried out with 27-ms TR and 20-ms TE.

High-resolution whole-brain scan was performed with a cross-sec-
tional 3D T1BRAVO (General Electric, Fairfield, CT, USA) with 82-ms
TR, 3.2-ms TE, 12° flip angle, and 1.0-mm thick layers, while continu-
ous scanning without interval (FOV = 256 x 256 mm?, matrix of
256 x 256, and voxel of 1 x 1 x 1 mm®) was also taken. A spin echo
echo-planar imaging of single excitation was used with a b value equal
to 0. A diffusion-sensitive gradient was applied in 30 different direc-
tions at 1000 mm/s, 8600-ms TR, 84-ms TE, and 1.5-mm thick layer.
Continuous scanning was performed with the FOV = 212 x 212

mm?, matrix = 128 x 128, and voxel = 1.65 x 1.65 x 1.5 mm°.

24 | Voxel-based morphometry data analyses

The voxel-based morphometry (VBM) analysis was performed using
SPM8 and VBMS8 software (Wellcome Department of Cognitive
Neurology, London, UK). Prior to the analysis, image segmentation
was performed for 3D structural images of all the subjects using
VBMS8, which were divided into gray matter, white matter, and
cerebrospinal fluid. All the images were normalized onto the tem-
plate that came with SPM8. Voxels were multiplied by nonlinear
components to modulate images. All the gray matter images were
smoothed after normalization, with the full width at half maximum
equal to 10 mm. The obtained gray matter images were averaged
after smoothing, and the optimal threshold was selected as the

gray matter mask of this study.
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2.5 | Voxel-based DTI

To allow for voxel-based analysis, the fractional anisotropy (FA) and
mean diffusivity (MD) maps were normalized using SPM8, and these
normalized FA and MD maps were smoothed with a 6-mm isotropic

Gaussian kernel, which was the same value in the VBM method.

TABLE 1 The characteristics of IBS patients and HCs

IBS patients HCs P
Age, years (mean + SD) 79.3+50 762 +77 0.23
Male (n, %) 14, 77.8% 10, 83.3% 0.85
SAS 48.6 + 6.8 373+ 6.8 <0.001
SDS 49.5 + 10.8 349 £57 <0.001

HCs, healthy controls; IBS, irritable bowel syndrome; SAS, Zung Self-Rat-
ing Anxiety Scale; SDS, Zung Self-Rating Depression Scale.

. ~WILEY-

2.6 | Statistical analysis

A whole-brain voxel-based jackknife approach was used to assess
the microstructural brain changes in 18 IBS patients and 12 HCs. An
independent two-sample t test was performed for each subject's
final gray matter image and FA or MD maps between the IBS
patients and the HCs. The statistical threshold for significance was
P < 0.01 with an additional cluster extent threshold of 50 voxels.
Subsequently, questionnaire data (SAS and SDS score) as a covariate
were also conducted to assess the microstructural changes using 1-
factorial analysis of variance. Then, the Student's t test was used to
examine the differences of age, Fazekas score, SAS score, and SDS
score between the two groups to assess the statistical significance. P
values and 95% confidence intervals from the t test were calculated

and reported.

TABLE 2 Alteration region of gray matter volume in IBS patients and HCs

Location

X Y z Regions P value Voxels (mm°) t value
315 -57 -36 Anterior cerebellum lobe, posterior cerebellar lobe, cerebellum nodules <0.01 605 3.3454
21 -100.5 -7.5 Occipital lobe, precentral gyrus, inferior occipital gyrus <0.01 243 3.5038
-15 -255 -9 Limbic lobe, hippocampus, insula, left supramarginal gyrus <0.01 77 3.4123
495 —66 10.5 Middle temporal gyrus <0.01 402 3.0391
34.5 48 7.5 Frontal lobe, middle frontal gyrus <0.01 77 2.7774

HCs, healthy controls; IBS, irritable bowel syndrome.

FIGURE 1 Alteration region of gray matter volume in irritable bowel syndrome patients and healthy controls
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TABLE 3 Alteration region of gray matter volume in IBS patients and HCs when SAS and SDS were taken into consideration
Location
X Y Z Regions P value Voxels (mm®) t value
-34.5 -84 -16.5 Occipital lobe, angular gyrus hippocampus <0.01 770 3.9421
-34.5 12 -13.5 Limbic lobe, insula cingulate gyrus <0.01 335 3.1116
52.5 21 21 Superior frontal gyrus, medial frontal gyrus, frontal lobe <0.01 227 4.0585
39 16.5 -7.5 Supramarginal gyrus, superior temporal gyrus, middle temporal gyrus <0.01 63 2.7957

HCs, healthy controls; IBS, irritable bowel syndrome; SAS, Zung Self-Rating Anxiety Scale; SDS, Zung Self-Rating Depression Scale.

FIGURE 2 Alteration region of gray matter volume in irritable bowel syndrome patients and healthy controls when the Zung Self-Rating
Anxiety Scale and Zung Self-Rating Depression Scale were taken into consideration

TABLE 4 Abnormal fractional anisotropy in IBS patients and HCs

Location Voxels

X Y Z  Regions Pvalue (mm® tvalue

-4  -14 28 Callosum <0.01 215 3.01

-10 6 2 Internal capsule, <0.01 159 3.26
caudex cerebri, fornix

20 —-10 32 Upper corona <0.01 50 50

HCs, healthy controls; IBS, irritable bowel syndrome.

3 | RESULTS

3.1 | Patient characteristics

Study participants—18 IBS patients and 12 HCs—were confirmed to
be right-handed by the Edinburgh Handedness Inventory.** The

study included 24 (80%) men and six (20%) women with a mean age
of 77.6 + 7.8 years (range, 61-89 years). The mean age + SD of the
IBS group was 79.3 + 5.0 years, and that of the HC group was
762 + 7.7 years (P =0.23). The mean SAS in IBS patients
(48.6 + 6.8) was higher than that in HCs (37.3 + 6.8; P < 0.001).
Similarly, the mean SDS in IBS patients (49.5 + 10.8) was higher than
that in HCs (34.9 + 5.7; P < 0.001; Table 1).

3.2 | Cortical thinning in IBS and HCs

The present study showed a significantly decreased GMV in IBS
patients compared with HCs in some brain regions, including the lim-
bic lobe, occipital lobe, inferior occipital gyrus, precentral gyrus, hip-
pocampus, frontal lobe, middle frontal gyrus, anterior cerebellum
lobe, posterior cerebellar lobe, and cerebellum nodules (P < 0.01).
However, a greater GMV in the insula, left supramarginal gyrus, and
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FIGURE 3 Abnormal fractional anisotropy in irritable bowel syndrome patients and healthy controls

TABLE 5 Abnormal mean diffusivity in IBS patients and HCs

Location

Voxels
X Y 4 Regions P value (mm® t value
-20 16 12 Upper corona, internal  <0.01 659 4.02

capsule, callosum
-4 -24 -14 Caudex cerebri

—-42 -42 20 Superior longitudinal
fasciculus

<0.01 256 4.11
<0.01 93 3.83

<0.01 63 4.26
<0.01 56 3.52
<0.01 55 3.05

-34 2 -14 External capsule
-10 -50 10 Cingulate gyrus

-34 -26 0 Fornix

HCs, healthy controls; IBS, irritable bowel syndrome.

middle temporal gyrus was associated with more abdominal pain in
those patients (P < 0.01; Table 2 and Figure 1). When SAS and SDS
were taken into consideration, a significant reduction in GMV
occurred in the cingulate gyrus, occipital lobe, hippocampus, frontal
lobe, medial frontal gyrus, superior frontal gyrus (affective and inte-
roceptive processing), and limbic lobe in IBS patients compared with
HCs. However, a greater GMV in the insula, superior temporal gyrus,
middle temporal gyrus, angular gyrus, and supramarginal gyrus (pain
modulation) was found in those people.

Next, the relation between psychological stress and cortical
thickness was tested. The region of interest (ROI) analysis indicated
a strong negative correlation between psychological stress and corti-
cal thickness in IBS patients. No significant difference was seen in
the HC group. A decreased gray matter density volume was more

often found in the frontal and temporal lobes in patients with higher
SAS and SDS scores (Table 3 and Figure 2).

3.3 | ROl-based FA and MD

We tested the hypothesis that white matter abnormalities were
related to IBS, and the deep white matter was evaluated according
to the Fazekas score. No significant differences in the Fazekas score
IBS patients (1.67 £ 1.30) and HCs
(1.83 £ 1.72; P = 0.78). The FA (a measure of the anisotropic com-

ponent of the diffusion tensor) and the MD (a measure of mean

were found between

water mobility) were used as surrogate measures for white matter
microstructural integrity within the human brain. MRI DTI images
indicated that the IBS group had lower FA in the callosum, upper
corona, fornix, internal capsule, and caudex cerebri (Table 4 and Fig-
ure 3). Additionally, IBS patients had a higher mean MD in the cingu-
late gyrus, callosum, upper corona, internal capsule, external capsule,
caudex cerebri, fornix, front corona, and superior longitudinal fasci-

culus (Table 5 and Figure 4).

4 | DISCUSSION

Structural differences in the brain were evaluated between 18 IBS
patients and 12 HCs in this study in terms of gray matter density
and white matter volume. The present data provided novel evidence
that: (a) abnormal GMV and white matter abnormalities occurred in

some key brain regions in IBS patients; and (b) abnormal feelings,
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FIGURE 4 Abnormal mean diffusivity in irritable bowel syndrome patients and healthy controls

such as depression and anxiety, were related to the structural differ-
ences in the brain between IBS patients and HCs. Although some
similarities with previously published results from other patient pop-
ulations were observed, the present data give additional support to
the view that the brain plays a crucial interactive role in the condi-
tion of IBS in elderly patients.

Many previous studies have demonstrated that abnormal rectal
sensitivity in IBS patients is significantly associated with reduced
GMV in the bilateral amygdala, bilateral insula, bilateral superior
frontal gyrus, bilateral hippocampus, left gyrus rectus, left cingulate
gyrus, left putamen, and brainstem.®®>1¢ |n other studies, however,
a greater GMV was observed in several brain regions in IBS patients,
including the hypothalamus, anterior cingulate cortex, hippocampus,
basal ganglia, and primary somatosensory cortex (51).17-20 Together,
these studies support the concept that altered regional brain mor-
phology is related to chronic abdominal pain and visceral hyperalge-
sia in IBS patients. Although various molecular mechanisms
underlying the observed GMV alterations have been proposed, the
relation between GMV alterations and IBS is still unclear. In patients

1'¢ reported decreased GMV more often

with IBS, Seminowicz et a
found in regions involved in increased responsiveness to rectal dis-
tension and its expectation, while an increased GMV in these regions
was related to cognitive and attentional modulation of interoceptive
information. However, it remains ambiguous as to whether changes
in brain regions are a consequence of IBS symptoms or possibly the
determined risk factors.

A strong correlation exists between the severity of IBS and psy-

chological stress, especially depression and anxiety. Surdea-Blaga et

al?* reported a significant increase in the stressor score between

normal individuals and IBS patients. Previous studies have strongly
suggested that psychological or psychosocial stressors are related to
the development of IBS. In this study, a significant reduction in
GMV occurred in the cingulate gyrus, occipital lobe, hippocampus,
frontal lobe, medial frontal gyrus, superior frontal gyrus, and limbic
lobe in IBS patients when SAS and SDS were taken into considera-
tion. Recently, HPA axis dysregulation has been considered as a key
mechanism in IBS pathophysiology, including an abnormal function
in the autonomic and enteric nervous systems. Systemic or intero-
ceptive stressors trigger the HPA to release corticotropin-releasing
hormone, which mediates the stimulation of inflammatory cyto-
kines.?22® Additionally, the corticotropin-releasing factor system can
also regulate autonomic nervous system activity through modulation
of the forebrain, hindbrain, and spinal sites, which can stimulate the
sympathetic nervous system and induce the release of cate-
cholamines.?? In summary, HPA axis responses vary in different dis-
ease states with different impacts on the duration of stress response
and on peripheral and central cortisol levels. Therefore, among the
diverse factors related to IBS, the pharmacological and non-pharma-
cological approaches for stress-related disorders are important and
effective treatments.242¢

Although many studies have reported abnormal gray matter
regions in patients with IBS or other chronic pain conditions,
whether white matter abnormalities occur in IBS patients needs fur-
ther exploration. The present study found that IBS patients had
lower FA in the callosum, upper corona, fornix, internal capsule, and

caudex cerebri, indicating that white matter abnormalities occurred
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in IBS patients having gray matter abnormalities. The value of FA is
affected by the consistency of the white matter fiber, the uniformity
of the arrangement direction, and the integrity of the nerve fiber
myelin sheath. Chen et al'! reported that IBS patients had higher FA
in the fornix and external capsule adjacent to the right posterior
insula. Ellingson et al?” demonstrated that patients had lower FA in
the thalamic regions, basal ganglia, and sensory/motor association/in-
tegration regions, as well as higher FA in the frontal lobe regions
and corpus callosum. They also found that IBS patients had higher
MD in the thalamus, internal capsule, and coronal radiata projecting
to sensory/motor regions, and reduced MD in the globus pallidus.?”
The sample size and distinctive sample characteristic of the present
study might have contributed to the difference. Most of the elderly
patients in the present study had experienced exogenous stressors
and direct effects of intestinal interoceptive stressors for a long time.
These stimuli induce neurotoxicity on white matter. The correlation
between the severity and durability of the stress and the severity of
the clinical symptoms indicated that the duration of disease is an
important factor for IBS.

The brain, as well as other organs, presents some structural and
functional changes during the process of healthy aging. Previous lon-
gitudinal and cross-sectional studies using MRI have demonstrated
age-related brain changes, including smaller brain volume, GMV and
white matter atrophy, and enlarged ventricular system. As structural
anatomical changes in the brain affect functional changes, motor
function, sensory abilities, and cognitive and learning function
decline in elderly adults. The present comparative study showed no
significant difference in the ages of patients in the two groups, indi-
cating that differences in GMV and white matter between the
groups were correlated with IBS, not healthy aging.

The present study had some limitations. First, it did not confirm
whether the observed changes in the brain in regional GMV and
white matter volume preceded or resulted from IBS, owing to its
cross-sectional nature. Second, although only older adults were
included in the present study, hormone levels were not measured,
and therefore the study could not address the possible influence of
hormones on the findings. Third, the small sample size may not

have been adequately powered to detect smaller group differences.

5 | CONCLUSIONS

The results of this study support the view that changes in regional
GMV and white matter volume play a role in IBS symptoms. The
observed changes (increases and decreases) in GMV identified in
this study may reflect different pathophysiological processes in
IBS, including chronic pain-related mechanisms (decreased gray
matter in the insula), associated increase in emotional arousal (de-
creased gray matter in the hippocampus), and increased sensitivity
to somatic and visceral stimuli (increased GMV in S1). Specifically,
psychological stress is an important factor for the development of
IBS, through stimulating the HPA axis and then triggering adreno-
corticotropic hormone and cortisol, hence influencing gut function.

. ~WILEY-

Despite its limited sample size, this study indicates that structural

changes in the brain help to provide insight into the mechanisms
of IBS.
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