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OBJECTIVES:

Recent neuroimaging studies have identified brain microstructural changes in patients with
functional gastrointestinal disorders, especially in irritable bowel syndrome. However, whether the
microstructure is changed in patients with postprandial distress syndrome (PDS) remains elusive.
Therefore, the present study was aimed to examine the white-matter (WM) microstructural changes
in patients with PDS.

METHODS:

Diffusion tensor imaging (DTI) was performed on 36 PDS patients recruited according to the Rome
III criteria and 36 healthy controls. Tract-based spatial statistics were adopted to examine the between-group differences in DTI measures including fractional anisotropy (FA), mean diffusivity (MD),
axial diffusivity, and radial diffusivity (RD). The correlations between DTI measures and clinical
variables were evaluated using a non-parametric permutation-based test. Multiple comparisons were
corrected using the threshold-free cluster enhancement method.

RESULTS:

The patient group showed increased FA along with reduced MD and RD in multiple WM tracts,
including the corona radiata, internal capsule, posterior thalamic radiation, corpus callosum, external
capsule, sagittal stratum, and superior longitudinal fasciculus (P < 0.05, corrected). The inclusion of
anxiety and depression as covariates abolished the between-group difference in these tracts with the
exception of the corona radiata. The DTI measures were not found to be correlated with the severity
of symptoms or the duration of disease (P > 0.05, corrected).

CONCLUSIONS: Our findings have provided preliminary evidence of WM microstructural changes in patients with

PDS. Part of the changes could be accounted for by a higher level of psychosocial distress in the
patient group.
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INTRODUCTION
Functional dyspepsia (FD), which is a common functional gastrointestinal disorder (FGID) (1), has a high prevalence rate
worldwide (2). In a Chinese-based epidemiology study, 23.5% of
the study population were found to have FD (3). The significant
influence of FD on health-related QOL (4) and its high healthcare costs (5) has turned it into a serious social problem.
FD is defined as the presence of symptoms including chronic
or recurrent postprandial fullness, early satiation, and epigastric
pain or burning thought to originate in the gastroduodenal region
without any organic, systemic, or metabolic disease that may
explain the symptoms (1). Although the pathophysiology of FD

is still not completely understood (2), abnormal processing of visceral discomfort or pain at the level of the central nervous system
(CNS), which is often involved in the dysfunction of the brain-gut
axis, has been suggested to have a key role (6–9). By using neuroimaging techniques, investigators have verified abnormal brain
activity in response to visceral stimuli as well as during the resting state in patients with FD (2,10–12). Moreover, except for functional abnormalities, brain microstructural changes in patients
with FGIDs, especially irritable bowel syndrome, have also been
identified in recent studies (13–15). These findings are likely to
suggest that brain microstructural changes may also contribute to the
etiology of FD.
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According to the Rome III criteria (16), FD is divided into two
diagnostic categories of (i) postprandial distress syndrome (PDS),
which is characterized by meal-related uncomfortable sensations
such as postprandial fullness and early satiation and (ii) epigastric pain (1). These two kinds of sensations are projected to the
CNS through different afferent pathways (17). Chronic or recurrent visceral pain is projected to the CNS through the spinal
afferent pathway (17), and has been found to be associated with
brain microstructural changes in pathological conditions such as
irritable bowel syndrome (13–15) and chronic pancreatitis (18)
in recent neuroimaging studies. However, whether the chronic or
recurrent visceral uncomfortable sensations, which are projected
to the CNS through the vagal afferent pathway (17), are associated
with brain microstructural changes in patients with PDS remains
unknown. Such an investigation would be of great importance for
our understanding of the pathophysiology of PDS.
Diffusion tensor imaging (DTI) has become a relatively potent
tool to assess brain microstructure and connectivity in vivo
(19). DTI measures including fractional anisotropy (FA), mean
diffusivity (MD), axial diffusivity (AD), and radial diffusivity (RD)
have been shown to be useful in characterizing possible changes in
white-matter (WM) microstructure (19,20). However, to the best
of our knowledge, no DTI study in the brain of patients with PDS
has been published. Therefore, the aim of the present study was
to examine the WM microstructural changes in PDS patients by
using DTI with state-of-the-art tract-based spatial statistics (TBSS)
(21). We hypothesized that the chronic or recurrent uncomfortable sensations would be related to WM microstructural changes in
patients with PDS. Moreover, psychosocial factors have been suggested to have an important role in visceral sensation processing
(22). Thus, we also hypothesized that psychosocial factors such as
anxiety and depression would have an effect on the between-group
WM microstructural differences.

history of gastrointestinal surgery, (iv) having suffered from diabetes, serious cardiovascular, neurological, psychiatric, renal, or respiratory diseases, (v) having experienced acid regurgitation, heart
burn or upper abdominal pain as the predominant symptom, (vi)
having had gastric atrophy or erosive gastroduodenal lesions, and
(vii) having had cholecystitis, gall-stones, or esophagitis.

METHODS

Image acquisition

This study was approved by the Ethics Committee at Chengdu
University of Traditional Chinese Medicine in China. A written informed consent was provided by each subject. The subject
recruitment criteria and evaluation of the symptoms were similar
to that in our previous study (2).

The DTI data were acquired on a 3T Siemens scanner (Allegra,
Siemens Medical System, Erlangen, Germany) at the Huaxi MR
Research Center, West China Hospital of Sichuan University,
Chengdu, China. Diffusion-weighted sequences with single-shot
echo planar imaging in alignment with the anterior–posterior commissural plane were acquired with the following parameters: field
of view = 240×240 mm2, repetition time/echo time = 6,800/93 ms,
matrix = 128×128, slice thickness = 3 mm, 45 continuous axial slices
with no gap. Two diffusion-weighted sequences were acquired
using gradient values b = 0 and b = 1,000 s/mm2 with the diffusion
sensitizing gradients applied along 30 non-linear directions.

PDS patients

Thirty-six right-handed FD patients were identified according to
Rome III criteria and were recruited in the present study. Each of
the patients underwent a basic evaluation, including a review of
the medical history, a physical examination, electrocardiogram,
upper abdominal ultrasound, and gastrointestinal endoscopy.
The inclusion criteria were (i) age between 20 and 30 years and
(ii) meeting the Rome III criteria on FD and PDS. The patient was
excluded if he/she met any of the following criteria: (i) being pregnant or lactating, (ii) having taken medications such as selective
serotonin reuptake inhibitors, non-steroidal anti-inflammatory
drugs, aspirin, phenothiazines, and steroids that affect gastrointestinal motility for over 2 weeks before enrollment, (iii) having a
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Healthy controls

Thirty-six age- and gender-matched healthy controls (all right
handed) were also recruited. Each of the healthy controls also
underwent a basic evaluation, including a review of the medical
history, a physical examination, electrocardiogram, upper abdominal ultrasound, and gastrointestinal endoscopy. Any subject with
organic disease was excluded from the study.
Symptom evaluation

The Nepean Dyspepsia Index (NDI) (23) was adopted to evaluate symptom severity. The dyspepsia-specific QOL was assessed
by using the translated version of NDI that consisted of the categories eat/drink (3 items), interference (13 items), know/control
(7 items), and sleep/disturb (2 items) (24). A higher score indicated better QOL and milder symptoms. The translated version of
the NDI has been found to be reliable and valid in evaluating the
symptom severity and QOL in Chinese FD patients (25).
Psychosocial assessment

In this study, the Zung Self-Rating Anxiety Scale (SAS) (26) and
Zung Self-Rating Depression Scale (SDS) (27) were adopted to
quantify the anxiety/depression-related symptoms of the patients
and healthy controls. Both the SAS and SDS consisted of 20 items,
each of which was scored from 1 to 4. The final score for the SAS
or SDS was calculated by multiplying the raw score by a factor of
1.25. A score of < 50 (SAS) or 53 (SDS) was considered to be in
the normal range according to the Chinese norm (28,29).

Image analysis

All DTI analyses were performed with FSL (FMRIB Software
Library, http://www.fmrib.ox.ac.uk/fsl) (30). The DTI was first
corrected for eddy current distortions and motion artifacts using
the FDT (FMRIB’s Diffusion Toolbox), part of FSL. Then, a diffusion tensor model at each voxel was fit by using DTIFit after brain
extraction using Brain Extraction Tool (31). Several measures
VOLUME 104 | XXX 2012 www.amjgastro.com

including the FA, MD, AD, and RD that characterize the diffusion
can be derived from the tensor. The FA is a normalized measure of
the eigenvalue standard deviation and represents the degree of diffusion directionality (19). Reduced FA has been observed in normal aging, abnormal aging, and neurodegenerative diseases such
as multiple sclerosis, leukoaraiosis, and schizophrenia (32–34).
A number of factors, including the myelination process, the
increased number of myelinated fibers and the increased ratio
between longitudinal vs. oblique aligned myelinated fibers, can be
related to the increase in FA (35,36). Diffusivity measures including
MD, AD, and RD would provide more information about pathology specificity (37). The MD is calculated as the average of all eigenvalues and represents the MD of water in tissues (20). The AD (the
largest eigenvalue) and RD (the average of the second and third
eigenvalues) represent the diffusion parallel and perpendicular to
the WM fiber separately (20). The AD has been shown to be sensitive to axonal injury while higher RD indicates dysmyelination or
demyelination, as revealed by animal model studies (38–40).
Voxelwise statistical analysis of the FA data was carried out using
TBSS (21), which is part of FSL. First, all subjects’ FA data were
aligned into a common space using the non-linear registration
tool FNIRT (41,42), which uses a b-spline representation of the
registration warp field (43). Next, the mean FA image was created
and thinned to create a mean FA skeleton (threshold of 0.2), which
represents the centers of all tracts common to the group. Each subject’s aligned FA data were then projected onto this skeleton and
the resulting data were fed into voxelwise cross-subject statistics.
The between-group difference was examined using FSL’s permutation-based non-parametric testing (Randomise v2.1, 10,000
permutations) with the inclusion of gender and age as covariates.
Multiple comparisons across voxels were corrected using the TFCE
(threshold-free cluster enhancement) method (44). The difference
was considered to be significant at a corrected P < 0.05. TBSS analysis was also performed on non-FA parameters, including MD,
AD, and RD. The JHU ICBM-DTI-81 white-matter label atlas (45)
was used to label significant tracts.
To map the connectivity of the WM regions showing significant
between-group differences in DTI measures, probabilistic tractography was performed using FDT. The probability distributions of
the direction of one or more fiber populations at each voxel were
estimated by fitting a multifiber diffusion model, which enables us
to trace the pathways through regions of fiber crossings (46). The
connectivity distributions maps, in which each voxel represents
the probability of the connection to the seed voxel, were built by
generating 5,000 streamline samples for each seed voxel (curvature threshold: 0.2; step length: 0.5 mm). The binarized clusters
of significance were used as seed masks. The resulting connectivity distribution of each subject was thresholded at 2,500 and then
binarized (47). Finally, group connectivity maps were separately
derived for the patient and healthy control groups, separately.
We also performed the statistical analysis by further including
anxiety and depression (along with gender and age) as covariates to
evaluate the effect of anxiety and depression on DTI measures that
differentiate the patients from healthy controls. Multiple comparisons were also corrected using the TFCE method and a corrected
© 2012 by the American College of Gastroenterology

P < 0.05 was considered to be significant. It was worth noting that
the SAS and SDS scores showed a significant correlation (Spearman rho = 0.78, P < 0.0001). Therefore, anxiety and depression were
taken together, rather than separately, as covariates to evaluate the
psychosocial effect on the microstructural changes in patients.
The relationship between clinical variables and DTI measures

The voxelwise correlation between DTI measures and clinical variables (NDI score and duration of disease) in the patient
group was examined using the non-parametric permutation test
(Randomise v2.1, 10,000 permutations). Multiple correlations
across space were corrected using the TFCE method. A correlation was considered to be significant at a corrected P < 0.05.

RESULTS
Clinical and demographic characteristics

Clinical and demographic characteristics of the subjects are shown
in Table 1. No significant between-group difference was found in
the demographic data, including gender, age, height, or weight
(all P > 0.05) (Table 1). The patients with PDS had a significantly
higher SAS and SDS than healthy controls (all P < 0.05) (Table 1).
The SAS and SDS scores of the healthy controls were all in the
normal range, while 13.9% of the patients showed mild anxiety and 22.2% had mild depression. In all, 11.1% of the patients
showed anxiety combined with depression.
TBSS findings and connectivity results

Compared with healthy controls, the patients showed increased
FA and decreased MD and RD in multiple brain regions (P < 0.05,
corrected) (Figure 1). No region showed decreased FA in the
patients, or increased MD or RD (P > 0.05, corrected). No significant between-group difference was found in AD (P > 0.05,
corrected).

Table 1. Clinical and demographic characteristics
Items

HC

PDS

P value

13/23

14/22

0.84

Age (years)

22.11±0.82

22.56±1.68

0.24

Weight (kg)

51.18±7.75

51.68±6.95

0.55

Height (cm)

162.28±7.63

162.92±7.96

0.070

SAS

33.85±6.54

43.30±7.17

< 0.001

SDS

34.79±7.63

44.17±9.82

< 0.001

Gender (male/
female)

NDI

—

52.25±11.94

—

QOL

—

72.66±9.88

—

Duration of disease
(months)

—

39.03±25.87

—

HC, healthy controls; NDI, Nepean dyspepsia index; PDS, postprandial distress
syndrome; QOL, dyspepsia-specific health-related quality of life; SAS, Zung selfrating anxiety scale; SDS, Zung self-rating depression scale.
Data are presented as mean±s.d.; group difference was tested using two-tailed
Mann–Whitney–Wilcoxon U test.
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Figure 1. TBSS findings with the inclusion of age and gender as covariates. The images show white-matter areas where patients with postprandial distress
syndrome (PDS) had higher fractional anisotropy (FA) (first row, red–yellow), lower mean diffusivity (MD) (second row, blue–light blue), and lower radial
diffusivity (RD) (third row, blue–light blue) than healthy controls (HC). The regions where the patients showed increased FA together with decreased MD
and RD are shown in the bottom row (Pink). The slices were overlaid on the Montreal Neurological Institute (MNI) 152 standard mean FA image. To make
it easier to visualize the results, the resulting image was thickened using the “tbss_fill” command. All images are in accordance with radiological convention. The numbers at the bottom indicated the MNI coordinates of the slices. aCR, anterior corona radiata; bCC, body of the corpus callosum; EC, external
capsule; gCC, genu of the corpus callosum; pTR, posterior thalamic radiata; rIC, retrolenticular part of the internal capsule; sCR, superior corona radiata;
SLF, superior longitudinal fasciculus; SS, sagittal stratum; TBSS, tract-based spatial statistics.

The location and cluster size (clusters > 100 voxels) of the WM
tracts where FA, MD, and RD showed significant between-group
differences are summarized in Table 2. In detail, PDS patients had
higher FA in WM tracts of the right external capsule, right sagittal stratum, right superior longitudinal fasciculus, corpus callosum
(genu and body), corona radiata (bilateral anterior), right retrolenticular part of the internal capsule, and right posterior thalamic
radiata (Figure 1). Patients with PDS had lower MD in widespread
regions, including WM tracts of the bilateral external capsule, bilateral sagittal stratum, left superior longitudinal fasciculus, corona
radiata (bilateral anterior and superior, and left posterior), internal capsule (bilateral anterior limb, left posterior limb and bilateral retrolenticular part), bilateral posterior thalamic radiation,
bilateral corticospinal tract, corpus callosum (genu, body, and
The American Journal of GASTROENTEROLOGY

splenium), cerebral (left sided) and cerebellar (middle and left
inferior and superior) peduncles, and pontine crossing tract
(Figure 1). Finally, PDS patients showed reduced RD in most of
those regions (with the exception of the right posterior corona
radiata, bilateral anterior limb of the internal capsule, corticospinal tract, cerebral and cerebellar peduncles, and pontine
crossing tract) where the MD changed (Figure 1). Lower RD was
also observed in the left fornix of the patient group.
The locations where PDS patients showed increased FA coupled
with reduced MD and RD are shown in Figure 1. These regions
are in the bilateral anterior corona radiata, corpus callosum (body
and genu), external capsule, internal capsule (right retrolenticular
part), right posterior thalamic radiation, bilateral sagittal stratum,
and right superior longitudinal fasciculus.
VOLUME 104 | XXX 2012 www.amjgastro.com
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White-matter tracts

Gender and age

Gender, age, anxiety, and depression

FA

MD

RD

FA

MD

L

—

444

R

444

499

—

L
R

L sup
R sup

RD

498

—

380

462

551

106

—

186

—

227

—

—

195

—

296

244

—

273

129

192

228

171

—

—

—

—

798

745

—

749

711

279

—

264

151

—

—

Body

147

1119

1504

—

845

1472

Genu

683

435

721

—

132

562

—

746

570

—

355

463

L ant

395

725

587

106

311

410

R ant

100

1020

532

—

362

455

L post

—

367

439

—

347

416

R post

—

298

—

—

—

—

L sup

—

790

399

—

773

356

R sup

—

436

225

—

—

221

External capsule

Fornix L
Sagittal stratum

Longitudinal fasciculus

Corpus callosum

Splenium
Corona radiata

Internal capsule
L ant limb

—

172

—

—

165

—

R ant limb

—

135

—

—

—

—

L post limb

—

435

310

—

410

295

L retrolenticular part

—

510

468

—

494

440

R retrolenticular part

201

334

250

—

—

—

L

—

470

267

—

401

—

R

135

509

418

—

—

—

L

—

189

—

—

140

—

R

—

189

—

—

149

—

—

103

—

—

—

—

L inf

—

103

—

—

—

—

Middle

—

834

—

—

191

—

L sup

—

117

—

—

—

—

—

224

—

—

180

—

Post-thalamic radiation

Corticospinal tract

Cerebral peduncle
L
Cerebellar peduncle

Pontine crossing tract

ant, anterior; FA, fractional anisotropy; inf, inferior; L, left; MD, mean diffusivity; post, posterior; R, right; RD, radial diffusivity; sup, superior.
The labels of the columns indicate the factors used as covariates.
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Table 2. Location and cluster size (clusters of > 100 voxels) of white-matter tracts where patients with postprandial distress syndrome had
higher fractional anisotropy and lower MD and RD than healthy controls

Zhou et al.

The probabilistic tractography analysis was performed separately by using a binarized thickened version of the right superior
longitudinal fasciculus and right posterior thalamic radiation,
where PDS patients had higher FA together with lower MD and
RD, as the seed mask. The two groups showed similar tract profiles
(Figures 2 and 3). Fiber tracking using the right superior longitudinal fasciculus as the seed mask revealed connected regions
including the ipsilateral insula, and frontal, parietal, and temporal lobes (Figure 2). The right posterior thalamic radiation was
connected to the ipsilateral insula, brainstem, frontal lobe as well as
the bilateral thalamus, and parietal, temporal, and occipital lobes
(Figure 3). Fibers crossing the midline through the splenium of
the corpus callosum were also observed (Figure 3).

The correlation between DTI measures and clinical variables

The clinical variables including NDI scores and duration of
disease were not found to be correlated with any of the DTI measures after controlling gender and age effects (P > 0.05, corrected).

DISCUSSION
In the present paper, we reported WM microstructural changes in
patients with PDS, as compared with healthy controls. The patients
were found to have increased FA, decreased MD and RD, but no
change in AD, in widespread WM tracts. Part of the betweengroup differences in DTI measures could be accounted for by a
higher level of anxiety and depression in the patient group.
The finding of increased FA was consistent with that found in
irritable bowel syndrome patients (15), although reduced FA
has been constantly reported in chronic pain conditions such as
migraine, chronic pancreatitis, and temporomandibular disorder (18,47,48). However, the interpretation of the changes of DTI
measures is challenging. The pattern of the DTI measure changes
seen here might result from increased myelination, as noted above,
in PDS patients. Nonetheless, this pattern could also represent
increased number of myelination fibers or increased ratio between
longitudinal vs. oblique aligned myelinated fibers (35,36).
The microstructural changes seen in the present study could precede the onset of PDS or be the consequence of brain dysfunction
induced by the disease. The latter hypothesis might be supported
by the finding of an association between increased FA and usedependent plastic WM microstructural changes (49). However, we
found no correlation between DTI measures and the severity of

The effect of psychosocial factors on TBSS findings

The TBSS results including anxiety and depression (along
with gender and age) as covariates are shown in Figure 4. The
location and cluster size (clusters > 100 voxels) of these WM
tracts are summarized in Table 2. Inclusion of anxiety and
depression as covariates eliminated most of the tracts showing a between-group difference in FA (with the exception of
the right external capsule and superior longitudinal fasciculus, and left anterior corona radiata) (Figure 4). Elimination
of the between-group differences in MD and RD was mainly
observed in the right cerebral WM (Figure 4). Most of the
between-group differences in MD in the cerebellar WM were
also removed (Figure 4).
Higher FA along with lower MD and RD in the patient group
was only observed in the bilateral corona radiata (Figure 4).

HC

1

0.1
1

PDS

FUNCTIONAL GI DISORDERS

6

0.1
41

7

28

Figure 2. Connectivity of the right superior longitudinal fasciculus where patients with postprandial distress syndrome (PDS) had higher fractional
anisotropy along with lower mean diffusivity and radial diffusivity than healthy controls (HC). The upper row shows the results of the HC group while the
lower row shows the PDS patient group. The results were overlaid on the Montreal Neurological Institute (MNI) 152 standard brain. All images are in
accordance with radiological convention. The color bars indicate the proportion of subjects with connection to the right superior longitudinal fasciculus in
each voxel. The numbers at the bottom indicate the MNI coordinates of the slices.
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0.1
– 24

–8

8

20

Figure 3. Connectivity of the right posterior thalamic radiata where patients with postprandial distress syndrome (PDS) had higher fractional anisotropy
along with lower mean diffusivity and radial diffusivity than healthy controls (HC). The upper row shows the results of the HC group while the lower row
shows the PDS patient group. The results were overlaid on the Montreal Neurological Institute (MNI) 152 standard brain. All images are in accordance with
radiological convention. The color bars indicate the proportion of subjects with connection to the right superior longitudinal fasciculus in each voxel. The
numbers at the bottom indicate the MNI coordinates of the slices.

symptoms or the duration of disease. The lack of correlation might
be due to the high subjectiveness of visceral sensations (50) and the
narrow range of the duration of disease. Furthermore, the detection of a causal relationship between microstructural changes and
onset of disease might be prevented by the cross-sectional nature
of this study.
The WM tracts showed increased FA coupled with decreased
MD and RD contain fibers mainly to and from the frontal lobe and
thalamus (Figures 1–3) and also fibers connecting the hemispheres
(Figure 1). For example, the external capsule is a thin layer of WM
lateral to the lentiform nucleus and it contains association fibers
such as the inferior fronto-occipital fasciculus, uncinate fasciculus, and superior longitudinal fasciculus (51). The latter connects
the occipital, parietal, and temporal lobes to the frontal lobe, with
primary termination in the dorsal lateral prefrontal cortex (51,52).
Projection fiber bundles including the corona radiata, internal
capsule, and posterior thalamic radiata contain corticothalamic/
thalamocortical fibers that connect the cerebral cortex to the
thalamus (51). The sagittal stratum mainly comprising optic radiation (a part of the thalamocortical tract) and seems contiguous
with the posterior region of the corona radiata (51). The corpus
callosum which is by far known as the largest WM fiber bundle
in the human brain consists of massive fibers mainly connecting
homologous brain regions (51,52) and has an important role in
interhemispheric communication (53,54). Increased myelination
in these tracts might implicate increased structural connectivity
between connected brain regions (55), which was likely to suggest
functional connectivity abnormalities in PDS patients (56,57). The
speculation could be supported by the notion that myelin changes
might alter the conduction velocity and synchronization of neural
signals (49,58).
© 2012 by the American College of Gastroenterology

The inclusion of anxiety and depression as covariates abolished
most of the tracts (with the exception of the anterior corona
radiata) where PDS patients showed WM microstructural abnormalities (Figure 4). The results might suggest a microstructural
underpinning of the strong association between psychosocial
factors and symptoms of FGIDs (3,59,60). For example, the abolished WM tracts connect regions important for both emotion
and visceral sensory modulation (Figures 2 and 3) which is consistent with previous findings that brain regions showing abnormal activity in psychiatric disorders such as anxiety/depression
also exhibit functional abnormalities in patients with FGIDs
(6,8,9). Thus, the changes of DTI measures related to anxiety and
depression might not be theoretically reflected in this study. This
might explain that changes of FA seen here seemed to go in the
opposite direction with most of the anxiety/depression studies
(36,61–63), which could also be due to the fact that all of the SAS
and SDS values were at the subclinical level in PDS patients. The
corona radiata also contains commissural and corticoefferent
fibers, such as coticospinal and corticoreticular fibers (51). The
findings of WM microstructural changes in the anterior corona
radiata that contains fibers connected with the anterior of cortex
(64) might further support the notion of dysfunction in cortical
modulation of the homeostatic reflex at the CNS level in FGID
patients (7).
One limitation of the present study was the unbalanced gender
in both groups. The potential role of gender on the microstructural
changes seen in the present study should be directly examined
in future studies. Another limitation would be the use of TBSS.
TBSS restricted the analysis to the skeleton of the WM, although
it minimized the registration error due to misalignment across
multiple subjects (21). Thus, microstructural changes in brain
The American Journal of GASTROENTEROLOGY
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Figure 4. TBSS findings with the inclusion of age, gender, anxiety, and depression as covariates. The images show white-matter areas where patients with
postprandial distress syndrome (PDS) had higher fractional anisotropy (FA) (first row, red–yellow), lower mean diffusivity (MD) (second row, blue–light
blue), and lower radial diffusivity (RD) (third row, blue–light blue) than healthy controls (HC). The regions where the patients showed increased FA together
with decreased MD and RD are shown in the bottom row (pink). The slices were overlaid on the Montreal Neurological Institute (MNI) 152 standard mean
FA image. To make it easier to visualize the results, the resulting image was thickened using the “tbss_fill” command. All images are in accordance with
radiological convention. The numbers at the bottom indicate MNI coordinates of the slices. aCR, anterior corona radiata; TBSS, tract-based spatial statistics.

tissue other than the skeleton of the WM could not be addressed
in this study.
Our findings have provided primary evidence of WM microstructural abnormalities in patients with PDS. The main finding was that PDS patients had higher FA along with lower MD
and RD than healthy controls in multiple WM tracts. Part
of the changes could be accounted for by the higher level of
psychosocial distress in the patient group. These findings
might contribute to our understanding of the pathophysiology
of PDS.
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Study Highlights
WHAT IS CURRENT KNOWLEDGE

3Functional dyspepsia (FD) is a common functional gastrointestinal disorder (FGID) with a high co-morbidity of
psychiatric disorders.

3There is increasing evidence of functional abnormalities in
response to visceral stimuli as well as during the restingstate in patients with FD.

3Brain microstructural changes in patients with FGIDs,

especially irritable bowel syndrome, have been identified
in recent brain imaging studies. However, whether the
white matter microstructure is changed in patients with
postprandial distress syndrome (PDS) remains elusive.

WHAT IS NEW HERE

3We found white matter microstructural changes in patients
with PDS by using diffusion tensor imaging (DTI).
3The pattern of the DTI measure changes was likely to
suggest increased myelination in patients with PDS.
3Part of the between-group differences in DTI measures
could be accounted for by a higher level of anxiety and
depression in the patient group.
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