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Abnormal psychological processing in the central nervous system has been found in Crohn's disease (CD) patients. Resting-state functional magnetic resonance images of 57 inactive and 58 active CD patients, and 92 healthy controls (HC) were obtained. The psychological assessment used a psychological questionnaire that was collected within 1 week before functional MRI examination. We investigated the neural basis of CD patients and the correlation among regional homogeneity (ReHo), clinical features and psychological assessment scores. We found that more severe psychological assessment disorder scores were observed in the active CD group than in the inactive CD group and HC group (P<0.001). Compared with HC, the active CD patients exhibited higher ReHo values in the frontal superior medial, frontal middle and lower values in the postcentral, supplementary motor area, and temporal middle. Meanwhile, inactive CD patients exhibited higher ReHo values in the frontal middle and lower ReHo values in the precentral, postcentral and putamen (all voxel P< 0.001, cluster P<0.01, corrected). The values of the frontal superior medial, postcentral and supplementary motor area were correlation with psychological assessment scores (r = 0.38, −0.41, −0.32, P = 0.001, 0.014, 0.003), and the clinical features of simple endoscopic score for Crohn's disease and erythrocyte sedimentation rate were negatively correlated with psychological assessment scores in active CD patients (r = −0.35, −0.34, P = 0.06, 0.08). These results provide evidence for abnormal resting-state brain activity in CD and suggest that the psychological of CD may play a critical role in brain function.
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INTRODUCTION

Crohn's disease (CD) is an autoimmune and relapsing gastrointestinal disease. The etiology remains unclear. The clinical manifestations are diverse, including gastrointestinal, systemic, and extraintestinal manifestations and complications such as diarrhea, abdominal pain, fatigue, fistula, and abdominal abscess. CD occurs mainly in young adults (1–3). Recent reports have shown that the incidence of CD is increasing rapidly in Asia, especially in China (4–6). Moreover, CD patients typically require lifelong medication, which seriously affects their quality of life and increases psychological distress (7).

Studies have shown that gray matter structure changes and white matter lesions may be the extraintestinal manifestations of CD that may induce psychological disturbances (8, 9). However, the pathogenesis remains unclear. The brain-gut axis plays a significant role in maintaining gastrointestinal homeostasis through regulation of the brain, cognitive functions and emotion. Through the brain-gut axis, gastrointestinal inflammatory signals are transmitted to the brain, causing the structural reorganization of neurotransmitters. In turn, the brain can regulate the intestinal tract in the same way, which presumably includes the limbic system, hypothalamus and cerebral cortex area (10). It has been reported that 34.7% of patients with active CD and 19.9% of patients with inactive CD were found to have anxiety and depression (11, 12). More anxiety and depression were found in CD patients than in healthy controls, which may exacerbate the effects of the disease. Furthermore, the intestinal microbiome is likely to interact with the brain.

Resting-state functional magnetic resonance imaging (rs-fMRI) can detect blood oxygenation level-dependent (BOLD) signals and explore the processing of various input signals in regions of the brain. Recently, fMRI has been used to study changes in brain gray matter structures in irritable bowel syndrome, ulcerative colitis and CD. Regional homogeneity (ReHo) is another analytical method that displays the synchronization of fluctuations among adjacent voxels of BOLD to provide information about local activity (13).

Currently, only a few studies have examined brain activity in patients with CD. The sample size was small, and the conclusions were not entirely consistent. In a study involving 25 CD patients with and without abdominal pain and 32 healthy controls (HCs), abnormal activities in the insula and middle cingulate cortex were closely related to the severity of abdominal pain (14). Another study by this research group identified no difference in those brain regions between CD patients and HCs (15, 16). Therefore, further investigations are necessary to determine whether changes exist in specific brain regions in CD patients and whether these changes are correlated with gastrointestinal disease activity and psychological symptoms.

However, few studies have examined ReHo in patients with active CD patients. Therefore, in this study, we divided CD patients into an active CD group and an inactive CD group and employed ReHo to compare the differences in aberrant brain activity between the two CD patient groups and the HC group. We hypothesized that CD patients would have altered aberrant brain function and that brain neuroimaging of ReHo may be correlated with clinical features and psychological assessment scores.



MATERIALS AND METHODS

This research was approved by the institutional ethics committee of Tongji Medical College of Huazhong University of Science and Technology, and acquired the consents of all participants (Protocol Number ICH S016). All subjects signed informed consent forms.


Participants

A total of 129 CD patients were recruited through continuous unselected recruitment between December 2019 and July 2021 at the IBD specialist outpatient clinic of the Endoscopy Center of Union Hospital, Tongji Medical College, Huazhong University of Science and Technology in China. All patients received endoscopy, pathology biopsy and hematological examination and were evaluated by an experienced gastroenterologist (L.R.Z) within 2 weeks before MRI. The simple endoscopic score for Crohn's disease (SES-CD), Crohn's disease activity index (CDAI), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), platelet (PLT) levels and disease duration in years were collected from all patients (17, 18).

Inclusion criteria were as follows: (a) diagnosed with CD; (b) right-handed; (c) age 18 to 60 years; (d) education level more than 9 years; and (e) native Chinese speaker. The exclusion criteria were as follows: (a) patients with claustrophobia or metal implants; (b) patients who had received CD-related abdominal surgery; (c) pregnant or lactating women; (d) patients who used psychotropic drugs or opioids in the past 3 months; and (e) patients with current or a history of head trauma, tumor or loss of consciousness. Psychiatric examinations were assessed by a psychiatrist based on a psychiatric interview tool from the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5). The inactive CD group included patients with CD who had CDAI scores ≤150. The active CD group included patients with CD who had CDAI scores >150.

A total of 92 HC who were recruited by advertisements and matched with CD patients by age, sex, handedness, and education level as much as possible were included. The following exclusion criteria for HC were as follows: (a) patients with claustrophobia or metal implants; (b) pregnant or lactating women. The flow diagram of the enrolled CD patients and HC is shown in Figure 1.
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FIGURE 1. Flow diagram of the enrolled patients.




Clinical Features and Psychological Assessment

The CDAI, SES-CD, laboratory tests, Inflammatory Bowel Disease Questionnaire (IBDQ), Symptom Check List-90 (SCL-90) questionnaire, Hospital Anxiety and Depression Scale (HADS) questionnaire and Social Support Rating Scale (SSRS) questionnaire were used to evaluate clinical features and psychological assessment, respectively, within 1 week before MRI (19–21).



Image Acquisition

All MRI data were acquired on a SIEMENS SKYRA 3.0T magnetic resonance scanner (Siemens, Germany) in the Department of Radiology at the Union Hospital, Tongji Medical College, Huazhong University. All of the subjects were instructed to avoid caffeine or other similar substances before examination. They were kept in the supine position and asked to relax without falling asleep and to keep their eyes closed during scanning. Earplugs and a sponge pad were used to minimize scanner noise to protect the hearing and prevent head movement. Functional images were acquired with a single-shot gradient-recalled echo planar imaging sequence using the following parameters: time points = 240; slices = 60; slice thickness = 2.4 mm with no gaps, time of repetition (TR) = 2,000 ms; time of echo (TE) = 30 ms; flip angle (FA) = 90°; field of view (FOV) = 230 × 230 mm; and matrix size: 96 × 96; voxel size = 2.4 × 2.4 × 2.4 mm; bandwidth = 1796 Hz/Px, time = 8:13; parallel acquisition technique GRAPPA acceleration factor 2. We used a T1-weighted magnetization prepared rapid gradient echo (MP2RAGE) sequence, the following parameters: slices=176, slice thickness=1.0 mm with no gaps, TR = 5,000 ms; TE = 2.98 ms; FA = 9°, FOV = 256 × 240 mm, voxel size = 1 × 1 × 1 mm; bandwidth = 240 Hz/Px, time = 8:22parallel acquisition technique GRAPPA acceleration factor 3.



Imaging Processing

The rs-fMRI data were preprocessed using DPARSF packages in SPM12 (https://www.fil.ion.ucl.ac.uk/spm) and DPABI software (http://rfmri.org/dpabi) (22). The preprocessing steps were as follows: (a) slice timing; (b) head movement correction (<2.0 mm or 2.0° in any direction); (c) spatial normalization by using diffeomorphic anatomical registration through exponentiated lie (DARTEL); (d) smoothing applied after ReHo analysis to avoid spurious connections; and (e) removal of linear trends. In addition, multiple linear regression models were used to regress the effects of white matter and cerebrospinal fluid signals on the processed resting-state data.



Statistical Analysis

Clinical measurements and demographics were compared between groups using IBM SPSS Statistics 26.0 software. A two independent-samples T test and one-way analysis of variance (ANOVA) were used for normally distributed continuous variables such as age, body mass index (BMI), years of education and psychological assessment scores. Gender was calculated by Chi-square test. Pearson's correlation was applied to evaluate the relationship between the ReHo values of brain regions, clinical features and psychological assessment scores. All P values were two tailed, and P < 0.05 was considered statistically significant.

For ReHo, one-way-ANCOVA of the DPABI statistical module was utilized at each voxel to assess the main effect with a significance level of voxel P < 0.001 and cluster P < 0.01 (GRF corrected). Age, gender, mean FD Jenkinson were used as covariates. Pearson's linear correlation analyses were applied to assess the relationships among the ReHo, clinical features and psychological assessment scores in active and inactive CD patients (statistical significance level P < 0.05).




RESULTS


Demographic and Clinical Characteristics

As shown in Table 1, the MRI data of 207 participants were included in the analysis. There were no significant differences observed in gender, age, education, BMI or duration among the three groups (P > 0.05). The CRP and ESR levels in the active CD group were higher than those in the inactive CD group, whereas the PLT levels between the two groups were not significantly different. Meanwhile, the IBDQ, HADS, SCL-90 and SSRS scores among the three groups were significant difference, whereas the active CD group and the inactive CD group were not significantly different. The active CD group exhibited the lowest IBDQ scores, SSRS scores, and HADS scores and the highest SCL-90 scores. The psychological assessment scores of the HC group were within the normal range, as shown in Table 2.


Table 1. Demographic and clinical features of all participants.
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Table 2. Psychological assessment scores of all participants.
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ReHo Analysis

As shown in Table 3 and Figure 2, the ReHo values of the right frontal superior medial and left frontal middle in the active CD group were significantly higher than those in the HC group, whereas the ReHo values of the right postcentral, supplementary motor area and left temporal middle in the active CD group were significantly lower than those in the HC group (voxel p < 0.001, cluster p < 0.01, and two tailed, GRF correction). The ReHo values for the left frontal middle in the inactive CD group were significantly higher than those in the HC group, whereas the ReHo values of the right precentral, postcentral and putamen were significantly lower than those in the HC group (voxel p < 0.001, cluster p < 0.01, and two tailed, GRF correction). In active CD patients, the ReHo values of the left occipital middle were higher than those of inactive CD patients, whereas those of the right Heschl, temporal pole superior, and left temporal superior pole were lower (voxel p < 0.001, cluster p < 0.01, and two tailed, GRF correction).


Table 3. ReHo alterations of all participants.
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FIGURE 2. Brain regions with abnormal ReHo among three groups based on one-way ANOVA. Significant increased (red) and decreased (blue) ReHo values in among active CD, inactive CD, and HC groups (GRF corrected, voxel p < 0.001, cluster p < 0.01). The color bar represents the t-value. (A) The main effect analysis revealed significant differences in ReHo values of the left frontal middle, left frontal superior medial, right postcentral, right frontal pole and right supplementary motor area among the three groups. (B) The post-hoc analysis showed that the ReHo values of the right frontal superior medial, left frontal middle in the HC group were lower and the right postcentral, right supplementary motor area, and left temporal middle were higher than the ReHo values of the active CD group. (C) The post-hoc analysis showed that the ReHo values of the left frontal middle in the HC group was lower and the right precentral, right postcentral and right putamen were higher than the ReHo values of the inactive CD group. (D) The post-hoc analysis showed that the ReHo values of the left occipital middle in the active CD group was lower and the right heschl, right temporal pole superior and left temporal superior were higher than the ReHo values of the inactive CD group. CD, Crohn's disease (CD); ReHo, regional homogeneity; HC, healthy controls; L, left; R, right.




Correlation Among ReHo, Clinical Features and Psychological Assessment Scores

As shown in Figure 3, the ReHo of the right frontal superior medial brain regions was positively correlated with the psychological assessment of objective support in active CD patients, and negatively correlated with right postcentral and supplementary motor area brain regions, respectively (r = 0.38,−0.41, −0.32, P = 0.001, 0.014, 0.003), but not significantly correlated with the ReHo values in the left frontal middle and temporal middle brain regions (r = 0.07, −0.11, P = 0.671, 0.430). And the ESR was positively correlated with the SES-CD scores and negatively correlated with the psychological assessment of social impairment score (r = 0.55, −0.34, P<0.001, 0.008). As shown in Figure 4, the ReHo values of the left frontal middle brain regions were positively correlated with the obsessive-compulsive, depression, and bigoted scores, and negatively correlated with the systemic symptoms score in these CD patients respectively (r = 0.27, 0.28, 0.28, −0.27, P = 0.038, 0.035, 0.034, 0.004).
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FIGURE 3. Correlation analysis among ReHo, clinical features and psychological assessment scores in active CD group. (A) The ReHo values of the right frontal superior medial were positively and the right postcentral, right supplementary motor area in active CD group were negatively correlated with the objective support scores. (B) The social impairment score were negatively and ESR positively correlated with the SES-CD scores. CD, Crohn's disease; SES-CD, Simple endoscopic score for Crohn's disease; ESR, erythrocyte sedimentation rate; r, correlation coefficient.
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FIGURE 4. Correlation analysis between ReHo in left frontal middle score with psychological assessment score in active CD group. (A) The ReHo in left frontal middle was positively with the obsessive-compulsive scores. (B) The ReHo in left frontal middle was positively with the depression scores. (C) The ReHo in left frontal middle was positively with the bigoted scores. (D) The ReHo in left frontal middle was negatively with the systemic symptoms scores. CD, Crohn's disease; ReHo, regional homogeneity; r, correlation coefficient.





DISCUSSION

This is a study to research the functional alterations of regional brain areas in active and inactive CD patients with psychological assessment disorders based on ReHo. The results of this study showed that active CD patients had more severe psychological assessment scores and intestinal clinical features than in inactive patients, which correlated with significantly increased ReHo in the right frontal superior medial and left frontal middle and decreased ReHo in the right postcentral, supplementary motor area, and left temporal middle. Correlation analysis revealed that these brain regions were associated with psychological assessment scores.

In this study, we found that the active CD patients had the most severe psychological assessment scores. The social impairment, emotional, depression, anxiety and other psychological assessment scores were closed to the cut-offs for remission psychopathology patients. This indicates that disease activity severely affects the quality of life, psychological state and social relations of CD patients, which is consistently with Leone and Chavarria et al. previous results (23, 24).

The ReHo values in the frontal middle gyrus and postcentral gyrus were both changed in the active and inactive CD groups compared with the HC group, which suggested that these brain regions were involved in the occurrence of CD. The postcentral gyrus of the cerebral cortex has a sensory area that explains various sensory stimuli. Therefore, functional abnormalities of the frontal middle and postcentral gyrus may also be a neurobiological mechanism for the occurrence of CD.

In inactive CD patients, the ReHo values in the left frontal middle, right precentral, postcentral and putamen also showed changes compared with the HC group. Similar changes were found for ulcerative colitis (25). In inactive CD patients, the ReHo values in the superior frontal gyrus, putamen, anterior cingulate and supplementary motor areas were altered in other study (15, 26, 27). In addition, Bao et al. found that the gray matter volumes in CD patients were changed in that brain region (8), which suggested that CD patients have abnormal brain activity and morphology. We also found that the ReHo values of brain regions in the right frontal superior medial, left frontal middle, right postcentral, supplementary motor area and left temporal middle in active CD patients showed differences compared with the HC group.

Compared with inactive CD patients, the ReHo values of active CD patients in left occipital middle and temporal superior regions and in the right heschl and temporal pole superior regions were different. This is the first evidence of alterations in ReHo values in active CD patients. These results suggest a different alteration in the ReHo values of spontaneous BOLD signals between active and inactive CD patients. This may indicate that brain activity and disease activity are associated in CD patients.

In this study, compared with HC group, we also discovered added brain regions in active CD patients. This may be due to the sustained disease puzzle signals input to the brain when they are in active stage. The frontal superior medial region is a significant brain region for cognitive function control that may lead to increased or enhanced thoughts, memories or emotion effects and can indirectly or directly modulate the processing of intestinal stimuli (28, 29). The supplementary motor area is part of the primary motor cortex and is mainly involved in voluntary motor control of the trunk muscles (30, 31). The role of the temporal middle gyrus is to process speech and hearing. This indicates that those brain regions are adaptations to decreased nociceptive input or represent a preexisting vulnerability to experiencing greater activity disease. In these regions, the ReHo values were not significantly different between the inactive CD patients and the HC group. The noxious stimulus signals of the intestinal inflammation can be passed to the brain through gastrointestinal afferent sensory fibers and vagal afferent fibers of the spinal nerves (32, 33). Some studies have confirmed that proinflammatory cytokines and chemokines play a significant role in communication between the systemic system and the brain during the active stage (34, 35). Therefore, it is important to consider frontal superior medial gyrus, supplementary motor area gyrus and temporal middle gyrus dysfunction as potential pathophysiologic mechanisms that cause psychological disorders.

In our study, we also performed correlation analysis to attempt to identify the relationship between these changes in brain regions with clinical intestinal features and psychological assessment indicators. An increased objective support score in active CD patients with increased ReHo values of the right frontal superior medial and reduced ReHo values of the right postcentral and supplementary motor area brain regions indicate that the neural activities in these brain regions may have alternating synchronization and coordination. The psychological assessment index of social impairment score had significant negative correlations with the SES-CD scores and ESR. This suggests that psychological assessment alterations might be secondary to intestinal disease in CD patients. The ReHo values of the frontal middle brain regions were positively correlated with the psychological assessment indices of the obsessive-compulsive, depression, and bigoted scores and negatively correlated with the systemic symptoms score in these CD patients. CD is a systemic disorder (36) in which the lesions are not limited to the gastrointestinal tract but involve an imbalanced homeostasis of the autonomic nervous system environment. Abnormalities in this brain region indicate an imbalance or dysfunction of internal environment homeostasis.

This study indicates that CD patients often have psychological disorders, and clinical intestinal symptoms and psychological disorder symptoms affect each other. Therefore, when treating patients with CD, physicians should not only pay attention to clinical intestinal symptoms but also consider emotional symptoms to maximize medical management and improve quality of life. The results of this research are not completely consistent with previous studies for several possible reasons. First, we used different subjects. In this study, we selected active and inactive CD patients, whereas in previous studies, the patients had inactive CD. Second, psychological state assessment includes not only anxiety and depression but also other emotions, interpersonal communication, and social support.

Several limitations should be considered in this study. First, this is a cross-sectional and single-center study. We could not confirm whether the abnormal changes in ReHo values in CD patients occurred before or after the onset of the disease. Thus, longitudinal research should be conducted to establish a more robust connection between spontaneous BOLD signals and psychological and disease activity in CD patients in the future. Second, multidimensional intestinal performance evaluation of imaging manifestations, including CT or MR, is also significant in CD patients and should be addressed in future studies. Finally, the voxel size of these brain regions that the ReHo value of active CD patients were higher than the inactive CD patients is small. Although it has been rigorously corrected, there is still the possibility of false positives. In the future study, we will include more CD patients to improve the reliability of our results.

In conclusion, the present study showed that active CD patients have more severe intestinal clinical features. Furthermore, alterations in ReHo in the frontal, putamen, postcentral, supplementary motor area and temporal regions may play a significant role in the neural basis of CD with psychological disorders. These findings can help us to better understand the brain-gut axis interaction and provide an insight to facilitate the development of new therapies in the future.
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