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Purpose: There is scarce evidence to support the effectiveness of faecal microbiota transplantation (FMT) in improving sleep among
individuals with inflammatory bowel disease (IBD). Our study aimed to evaluate the effect of washed microbiota transplantation
(WMT) (the new method of FMT) on the sleep of patients with IBD in short term.

Patients and Methods: This prospective study was conducted as part of two interventional clinical trials (starting on February 2013
and expected to end on December 2025) and placed significant emphasis on evaluating sleep quality in patients with IBD. To measure
subjective sleep, we used the Pittsburgh sleep quality index (PSQI). The primary endpoint was the PSQI score one month after WMT.
Results: This stage study included 52 eligible patients evaluated by PSQI questionnaire who underwent WMT from January 2020 to
March 2021 and 47 patients were enrolled for analysis. The age of the patients ranged from 13 to 60 years, with a mean of 33.4 years,
and 57.4% (25/47) of the patients were male. The PSQI scores for all 47 patients one month after undergoing WMT were significantly
lower (Cohen d = 0.59, p < 0.001) compared to the baseline. Moreover, baseline PSQI score was correlated with the difference value
of the PSQI score before and after WMT (post-PSQI minus pre-PSQI) (r = 0.61, p < 0.05).

Conclusion: The study suggests that WMT might be a helpful intervention for improving the sleep quality of patients with IBD,
encouraging clinicians to consider its use in clinical practice for addressing poor sleep in IBD patients.

Clinical Trial Registration: ClinicalTrials.gov; ID: NCT01793831, NCT01790061.

Keywords: faecal microbiota transplantation, transendoscopic enteral tubing, sleep disorder, Crohn’s disease, ulcerative colitis,

inflammatory bowel disease

Introduction
Inflammatory bowel disease (IBD) is a group of idiopathic inflammatory disorders that includes Crohn’s disease (CD) and
ulcerative colitis (UC). It is characterised by a chronic relapsing and remitting courses and along with a heterogeneous
clinical presentation of chronic diarrhoea, rectal bleeding, abdominal pain, and weight loss. Although the precise cause of
IBD remains unclear, it is believed to result from a complex interplay of genetic susceptibility, environmental factors, gut
microbiota, and abnormal innate and adaptive immune responses.' Patients with IBD frequently suffer from a significant
reduction in quality of life, severe fatigue, work impairment, depression, anxiety, and poor sleep.>

Several studies have highlighted a high prevalence of sleep disturbances in IBD patients, regardless of disease activity.**
Increasing human and animal studies have demonstrated that sleep could potentially be improved by probiotics and prebiotics
aiming at modulating the gut microbiota.”® Faecal microbiota transplantation (FMT), an approach for reconstructing the
composition and function of the gut microbiota, has shown promising therapeutic value in IBD by inducing and maintaining
clinical improvement or remission.” In our team, the methodology of FMT was coined as washed microbiota transplantation
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(WMT), which is the new method of FMT. Compared to crude FMT, WMT is safer, offers a more precise and feasible dosage of
enriched microbiota, and ensures quality control more effectively.'®'? The methodology of WMT was released by a consensus
panel of the FMT-standardization study group in 2019."

A previous clinical study with a small sample size and our recent publication with 73 patients both demonstrated that FMT
or WMT could improve sleep quality in individuals with irritable bowel syndrome.'*'> Another clinical study found that
WMT significantly improved symptoms of autism spectrum disorder, including gastrointestinal symptoms and sleep disorders,
in children.'® In addition, our previous animal study by Wang et al reported that WMT ameliorated reduced total sleep time
induced by staying up late near light in the stress tree shrew.'” However, there have been no prior studies focusing on
evaluating the effects of FMT on sleep in IBD patients, and poor sleep is a serious concern as it contributes to more frequent
relapses,'® worse subjective clinical symptoms,'® and mood and psychological disorders.?> %% Of note, several patients with
IBD provided feedback that their sleep quality improved after undergoing WMT in clinical practice, which motivated us to
make dedicated efforts to investigate the effects of WMT on sleep in IBD patients. Improved sleep quality may be as a result of
WMT mediating the microbiota-gut-brain axis through activation of the vagus nerve and improving immune responses,
blood-brain barrier, intestinal permeability, levels of bacterial metabolite, reactive oxygen species and the serotonergic
system, an alleviation of gastrointestinal symptoms that can disrupt sleep, or both.>

The main purpose of this study was to investigate the potential effects of WMT on the subjective assessment of short-
term sleep quality in patients with IBD, utilizing the Pittsburgh sleep quality index (PSQI). A multivariate regression
model was employed to identify independent factors that could predict a more favourable effect of WMT on sleep quality
in IBD. To better assess sleep disturbances and daytime dysfunction in patients with poor sleep, a self-evaluation
questionnaire on sleep was specifically designed. Overall, this study aimed to contribute further evidence on the effects of
WMT for improving sleep quality in patients with IBD.

Materials and Methods

Participants

This prospective study, as part of two interventional clinical trials (NCT01793831 and NCT01790061) (starting on
February 2013 and expected to end on December 2025), evaluated patients with IBD undergoing WMT in our centre placing
a particular emphasis on assessing sleep quality. All eligible patients were provided with written informed consent forms prior
to participation. Inclusion criteria were patients who had been diagnosed with IBD through a combination of typical clinical
symptoms, endoscopy, and histological criteria for at least three months, patients with inactive and active CD or active UC
(Mayo score 3—12), and patients who failed to achieve satisfactory efficacy for IBD from the previous therapies. Patients were
excluded if accompanied by other severe diseases, including other intestinal diseases (eg, Clostridioides difficile infection),
malignant neoplasm, cardiopulmonary failure, and serious liver and kidney disease, refused to complete the questionnaire
online and attend follow-up, and underwent FMT or WMT before.

The assessment of clinical efficacy and sleep quality was performed by clinical research coordinators and clinicians at baseline
and one month after WMT. The study specifically focused on the evaluation of sleep quality using the PSQI one month after
WMT, which served as the second outcome measure in the aforementioned clinical trials. Furthermore, the study aimed to identify
independent factors that may contribute to a more favourable effect of WMT on sleep quality in patients with IBD one month after
treatment. Additionally, the study described any changes observed in sleep condition at night and the adverse effects during
the day among patients with poor sleep at baseline after WMT through sleep self-evaluation questionnaire. Before WMT, baseline
demographic characteristics and sleep condition were recorded: age, gender, age of IBD onset, duration of disease, current
smoker, PSQI score, time for falling sleep, time of sleep, duration of poor sleep. In addition, baseline IBD-related characteristics
were assessed, including the Harvey—Bradshaw index (HBI), partial Mayo score (PMS), disease activity, previous therapy and
previous surgery related to IBD. Additionally, delivery route and frequency of WMT (single or multiple WMTs) were recorded.

Donor Screening, WMT Procedure and Clinical Outcome Assessment
Donors from the China Microbiota Transplantation System (fmtBank) were selected following the strict screening
criteria. Healthy adults, adolescents, and children (aged 624 years old) are considered as potential donors in the clinical
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practice. Candidates were informed of the potential risks and benefits of WMT for recipients and should provide written
informed consent. As shown in Supplementary Figure 1, questionnaire screening, face-to-face screening and laboratory

screening are taken step-by-step to exclude candidates based on the criteria including age, physiology, pathology,

psychology, integrity, time, environment, and recipient status.'***

The new methodology of FMT was coined as WMT (Supplementary Figure 1), which is dependent on the automatic washing

process (GenFMTer, FMT Medical, Nanjing) and related delivering consideration. The preparation of washed microbiota was
performed in hospital and WMT was provided as legal medical technology approved by the institute ethical committee. The
washed microbiota comes in two forms, including fresh and frozen. The time from faeces defecation of a donor, laboratory
preparation for enriching microbiota to the time of microbiota delivering or storing was limited within one hour, which is regarded
as the “one-hour protocol”.!" Additionally, in clinical practice, we use 10% glycerol as a protective agent to freeze and store the
freshly prepared washed microbiota suspension for future use. Before 2015, most patients underwent single WMT via gastro-
scopy. Although several clinical studies at our centre consistently indicated that the frequency of WMT in the short term did not

correlate with clinical efficacy,”"!

the step-up WMT strategy increasingly utilized more frequent sessions in serious conditions,
which showed enhanced long-term benefits.>>° Therefore, since the development of colonic and mid-gut transendoscopic enteral
tubing (TET) (FMT Medical, Nanjing, China) in 2015, the recommended frequency of WMT has been three times via TET.*’**

Clinical efficacy was evaluated in all patients via HBI and PMS one month after WMT. Clinical remission was
defined as HBI < 4% or PMS < 1.° The Common Terminology Criteria for Adverse Events (AEs) (version 5.0) was
applied to describe the intensity and relativity of AE with WMT. Only WMT-attributed AEs were reported in the study.
In our present clinical studies, the use of antibiotics before WMT treatment in patients was not a prerequisite. The use of
probiotics was prohibited after WMT. The use of antibiotics and pharmacological or nonpharmacological treatment for

sleep disorders was not recommended without first communicating with the clinicians during the study period.

Sleep Measure

The PSQI, a validated questionnaire for assessing sleep quality, was used to subjectively determine sleep quality at
baseline and one month after WMT. The PSQI is a reliable, well-validated, self-reported, and standardised measure of
sleep quality over the month prior to completion.®® The 19 self-rated questions (each weighted equally on a 0 to 3 scale),
grouped into seven component scores, assess a variety of factors related to sleep quality, including estimates of sleep
duration, sleep onset latency, and the frequency and severity of specific sleep-related problems. Total scores range from 0
to 21, and a total score >5 indicates clinically significant poor sleep.’’ In addition, we provided a self-evaluation
questionnaire on sleep condition at night and the adverse effects during the day for IBD patients with poor sleep at
baseline and one month after WMT (Supplementary Figure 2).

Statistical Analysis

Graphing and analysis of the data were performed using IBM SPSS Statistics 20, GraphPad 8, Origin 2021, and Microsoft
Excel 365. Continuous data are expressed as mean and range. The paired ¢-test was used to analyse differences between two
paired samples (the measure of effect size is Cohen d).*> The Mann—Whitney U-test was employed to analyse differences
between two independent samples. Spearman’s rank correlation analysis (the measure of effect size is r)** was used to
assess the correlations between the difference value of PSQI score (D-value) (post-WMT-PSQI minus pre-WMT-PSQI) and
the baseline characteristics or the seven components of baseline PSQI.

We used univariate analysis assessing whether demographic and IBD-related variables (including age, gender, age of
onset, duration of IBD, current smoking status, history of previous surgery, type of IBD, baseline HBI/PMS, and baseline
disease activity), details of baseline PSQI score (baseline PSQI score, categorization of sleep quality as good or poor, the
seven components of the PSQI, and duration of poor sleep), and WMT methods (delivery route and frequency) were
related to the better effect of WMT on sleep in IBD. Variables with p < 0.15 in the univariate analysis were included in
the multivariable logistic regression analysis (the measure of effect size is Odds ratio (OR)**) (sleep latency, sleep
duration, sleep disturbances, use of sleep medicine, daytime dysfunction and baseline HBI/PMS) to identify the
independent predictors of the better effect of WMT on sleep, however factors contributing to potential imprecision
and those susceptible to clinician influence were excluded. A p value < 0.05 was considered statistically significant.
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Results

Study Population

This stage and single-centre study included 52 eligible patients evaluated by PSQI questionnaire who underwent WMT
between January 2020 and March 2021. Five patients were excluded due to withdrawal from the study (n = 2) and
absence at follow-up (n = 3). Of the 47 patients included in the analysis. Data from 47 patients were collected at baseline,
during the WMT procedure, and one month after WMT, including demographic and IBD-related characteristics, PSQI
score, WMT delivery route and frequency, and the safety of WMT. Sleep self-evaluation about sleep disturbances and
daytime dysfunction of patients was employed for the 25 patients with poor sleep. The clinical efficacy of WMT against
IBD was assessed using HBI/PMS for the 36 patients in the active stage of the disease.

Patient Characteristics and Clinical Outcomes of WMT

The demographic and IBD-related characteristics and the WMT procedure for all 47 patients were shown in Table 1. The
age of the patients ranged from 13 to 60 years, with a mean of 33.4 years, and 57.4% (25/47) of the patients were male.
The mean duration of IBD for all patients was 5.1 years. The mean baseline PSQI score was 7 (PSQI score > 5 indicates

Table | Baseline Characteristics of 47 Patients with IBD

Characteristic Inactive CD | Active CD | Active UC | All Patients
(n=11) (n=14) (n=22) (n = 47)
Age (mean, range) 31.8 (17-55) | 33.4 (17-48) | 34.2 (13-60) | 33.4 (13-60)
Gender (male %) 72.7 50 54.5 574
Age of onset (years, mean, range) 26.5 (14-47) 26.7 (5-43) | 304 (12-52) 28.4 (5-52)
Duration of disease (years, mean, range) 5.4 (0.3-37) 6.8 (0.5-18) | 3.8 (0.5-20) 5.1 (0.3-37)
Baseline HBI (mean, range) 2 (1-3) 7.4 (5-13) - -
PMS (mean, range) - - 5.8 (2-8) -
Baseline PSQI score (mean, range) 5.6 (3-I11) 72 (2-13) 7.5 (1-18) 7.0 (1-18)
Poor sleep (PSQI > 5) (%) 36.4 57.1 54.5 53.2
Time for falling sleep (minutes, mean, range) 25.4 (5-50) 22.5 (5-45) 25.2 (5-60) 24.5 (5-60)
Time of sleep (hours, mean, range) 7.1 (6-8.5) 6.6 (4-11) 6.6 (3-9) 6.7 (3-11)
Duration of poor sleep (months, mean, range) 6.3 (1-12) 7.9 (1-36) 17.4 (1-60) 10.32 (1-60)
Baseline disease activity (%)
Inactive 100 0 0 234
Mild 0 64.3 13.6 25.5
Moderate 0 357 68.2 42.6
Severe 0 0 18.2 85
Previous therapy (%)
5-ASA 45.5 57.1 100 74.5
Steroids 18.2 28.6 54.5 383
Immunomodulators 18.2 21.4 9.1 14.9
EEN 18.2 21.4 0 10.6
Biologics 27.3 7.1 13.6 14.9
Previous surgery related-IBD (%) 54.5 35.7 0 234
Delivering route (%)
Gastroscopy 9.1 7.1 0 43
Mid-gut TET 54.5 929 4.5 42.6
Colonic TET 364 0 95.5 53.2
Frequency of WMT (%)
Single 36.4 429 4.5 234
Multiple (= 2) 63.6 57.1 95.5 76.6

Abbreviations: IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; PSQI, Pittsburgh sleep quality index;
HBI, Harvey-Bradshaw index; PMS, partial Mayo score; 5-ASA, 5-Aminosalicylic acid; EEN, exclusive enteral nutrition; TET, transen-
doscopic enteral tubing; WMT, washed microbiota transplantation.
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poor sleep), and 53.2% (25/47) of the patients were with poor sleep. In total, 68.1% (32/47) of the patients experienced
mild or moderate IBD. Regarding the procedure, 42.6% (20/47) of the patients underwent WMT through mid-gut TET,
95.5% (21/22) of the UC patients underwent WMT through colonic TET, and 76.6% (36/47) of all patients and 95.5%
(21/22) of UC patients underwent multiple WMTs.

Among the 36 patients with active IBD, the clinical remission rates were 50% (7/14) for CD and 55% (12/22) for UC
one month after WMT (Supplementary Figure 3A). Furthermore, HBI and PMS significantly decreased one month after
WMT, regardless of the status of the disease (inactive CD, active CD, and active UC were p < 0.01, p < 0.01, and p <
0.001, respectively) (Supplementary Figure 3B). No serious AEs associated with WMT were observed during or after

WMT. During the follow-up period, five episodes of AEs were observed in five patients, with an AE rate of 10.6% (5/
47). All AEs occurred within 24 hours of WMT and included fever, diarrhoea, and dizziness; recovery occurred without
medication in the short term.

WMT Improving the Sleep Quality of Patients in IBD

The distribution of patients with different disease statuses and sleep conditions at baseline is depicted in Figure 1A.
Following one month of WMT, a significant decrease in the PSQI score was observed in all 47 patients (Cohen d = 0.59,
[95% CI = 0.28-0.9], p < 0.001), with a mean post-PSQI score of 4.68 compared to a mean pre-PSQI score of 6.98
(Figure 1B). Subgroup analysis revealed a significant reduction in the PSQI score one-month post-WMT, irrespective of
disease status (inactive CD [p = 0.005], active CD [p = 0.039], and active UC [p = 0.044], Figure 1C). Correlation
analyses indicated that improvements in sleep quality following WMT were not solely attributed to ameliorated clinical
symptoms (changes of HBI/PMS) (r = 0.24, p = 0.1). Moreover, baseline PSQI score and the D-value of PSQI score
before and after WMT were correlated (r = 0.61, p < 0.05), suggesting that patients with poorer sleep at baseline
experienced greater improvements following WMT (Figure 1D). Further analysis of the correlation between the seven
components of baseline PSQI and D-value revealed that patients experiencing more severe daytime dysfunction (r = 0.59,
p < 0.05) and longer sleep latency (indicating greater difficulty in falling asleep) (r = 0.47, p < 0.05) exhibited greater
improvements in sleep post-treatment (Figure 1E).

We further compared the seven components of the PSQI for all 47 patients before and after WMT (Supplementary
Table 1). The results revealed that the total sleep quality (Cohen d = 0.6, p < 0.001), sleep onset latency (Cohen d = 0.3,
p = 0.046), and sleep duration (Cohen d = 0.31, p = 0.041) were effectively improved. Additionally, sleep disturbances
(Cohen d = 0.5, p = 0.001) and daytime dysfunction (Cohen d = 0.6, p < 0.001) were alleviated one month after WMT.

WMT Making Favourable Effects on the Patients with Poor Sleep at Baseline in IBD
This study also analysed the sleep improvement from WMT in IBD patients with poor sleep at baseline. Twenty-five
patients with poor sleep achieved obviously decreased PSQI scores (pre-WMT: mean + SD = 9.92 + 3.38 vs post-
WMT: mean + SD = 5.8 £ 3.03) undergoing WMT (Cohen d = 1.04, [95% CI = 0.54-1.5], p < 0.001) (Figure 2A).
The PSQI scores of patients with poor sleep decreased obviously one month after WMT, regardless of the status of
the disease (inactive CD [p = 0.141], active CD [p = 0.014], and active UC [p = 0.005], (Figure 2B)). According to
self-reports by the patients with poor sleep regarding sleep conditions at night and adverse effects during the day,
more than 50% reported that the symptoms of difficulty falling sleep (50%, 7/14), difficulty maintaining sleep (60%,
6/10), emotional instability (58.3%, 7/12), early awakening (57.1%, 4/7), lack of energy and enthusiasm (83.3%, 5/
6), and loss of memory and concentration (50%, 2/4) disappeared after WMT (Figure 2C).

Predictors of a Better Outcome from WMT on Sleep in IBD

To identify the factors that were significantly correlated with a more favourable effect of WMT on sleep one month after
treatment, univariable and multivariable logistic regression analysis were used to isolate independent predictors for sleep
quality of patients with IBD one month after WMT (Table 2). We choose the median of the PSQI D-value (PSQI of pre-
WMT minus PSQI of 1mo-post-WMT) in all 47 patients as cut-off and divided them into two groups for univariate and
multivariate analysis. One group (PSQI D-value > 2, n = 24) represented better effect from WMT for sleep, and the other
group (PSQI D-value < 2, n = 23) had relatively poor effect. Based on univariate analysis by Mann—Whitney U-test,
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Figure | The sleep conditions of all patients before and one month after WMT. (A) the number of patients with different disease statuses and sleep conditions during baseline.
(B and C) the PSQI scores of all patients before and after WMT. (D) the correlation between the baseline characteristics and the difference value (D-value) of PSQI score before
and after WMT. (E) the correlation between the seven components of baseline PSQI and D-value. p < 0.05 was considered statistically significant. Significance levels: *p < 0.05,

#p < 0,

01, *#p < 0.001.

Abbreviations: PSQI, Pittsburgh sleep quality index; CD, Crohn’s disease; UC, ulcerative colitis; HBI, Harvey-Bradshaw index; PMS, partial Mayo score; 5-ASA,
5-Aminosalicylic acid; EEN, exclusive enteral nutrition; IBD, inflammatory bowel disease; WMT, washed microbiota transplantation.
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Figure 2 The sleep conditions of patients with poor sleep before and one month after WMT. (A and B) the PSQI scores of patients with poor sleep before and after WMT
(the number of patients: inactive CD, n = 4; active CD, n = 9; active UC, n = 12). (C) the results of self-evaluated questionnaire on sleep conditions at night and the adverse
effects at daytime for the inflammatory bowel disease patients with poor sleep at baseline and one month after WMT. p < 0.05 was considered statistically significant.

Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001.
Abbreviations: PSQI, Pittsburgh sleep quality index; CD, Crohn’s disease; UC, ulcerative colitis; WMT, washed microbiota transplantation.

patients with a higher baseline PSQI score (p = 0.002), poor sleep (p = 0.014), higher sleep latency score (p = 0.007),
sleep disturbances (p = 0.011), and daytime dysfunction (p = 0.01) achieved remarkably better outcomes (the PSQI score
decreased >2) in sleep quality one month after WMT.

Further multivariate regression analysis revealed that sleep latency score was an independent predictor of sleep
quality one month after WMT (effect size OR = 2.56, 95% CI = 1.083-6.057; p = 0.032) (Table 2). Patients with a higher
sleep latency score (ie, longer time required to fall asleep and more difficulty falling sleep) at baseline were more likely

to achieve better sleep quality outcomes one month after WMT.

Discussion

Poor sleep is common in IBD patients and causes decreased quality of life, work impairments, emotional disorders, more
frequent relapses, and worsening of clinical symptoms.>*> According to our findings, IBD patients undergoing WMT will
likely experience significant effect, such as clinical remission and improved clinical symptoms, with a low incidence of
AEs, and may achieve better sleep quality after WMT. The current study evaluated the PSQI score one month after WMT
for IBD patients and identified the factors that could predict short-term therapeutic success or failure regarding sleep.
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Table 2 Predictors at Baseline for Better Sleep Quality One Month After

WMT in IBD
N = 47 A Better Outcome (n = 24)
Variables Univariate Multivariate

P Effect Size OR (95% CI) p

Age 0.881
Gender 0.479
Age of onset 0.749
Duration of disease 0.230
Current smoker 0.580
Previous surgery 0.794
UC or CD patients 0.475
Baseline PSQI score 0.002
Good or poor sleep 0.014
Sleep quality 0.231
Sleep latency 0.007 2.56 (1.08-6.06) 0.032
Sleep duration 0.140 0.81 (0.27-2.44) 0.708
Sleep efficiency 0.569
Sleep disturbances 0.011 1.37 (0.49-3.89) 0.551
Use of sleep medication 0.098 1.35 (0.54-3.35) 0.521
Daytime dysfunction 0.010 2.01 (0.78-5.2) 0.151
Duration of poor sleep 0.291
Baseline HBI/PMS 0.147 1.17 (0.871.56) 0.296
Baseline disease activity 0.669
Delivering route 0.221
Frequency of the WMT 0.104

Notes: Factors with p < 0.15 in the univariate analysis were included in the multivariable
logistic regression analysis. In addition to the five factors (p < 0.05) in the univariate analysis,
the score of sleep duration (p = 0.14), use of sleep medication (p = 0.098), baseline HBI/PMS (p
= 0.147), and frequency of WMT (p = 0.104) were considered in the multivariable analysis.
However, to solve the question of which factors were crossed contributing to imprecise
results, baseline PSQI score and good or poor sleep were excluded. Frequency of WMT was
also excluded because it could be influenced by the clinicians.

Abbreviations: UC, ulcerative colitis; CD, Crohn’s disease; PSQI, Pittsburgh sleep quality
index; HBI, Harvey-Bradshaw index; PMS, partial Mayo score; WMT, washed microbiota
transplantation; OR, Odds ratio.

Our study reported that the PSQI scores for all 47 patients one month after WMT was significantly decreased compared
with the baseline (a 33% reduction of PSQI scores, pre-mean was 6.98, post-mean was 4.68). Most patients with poor sleep at
baseline (52%, 13/25) achieved satisfactory sleep quality with a PSQI score < 5 (normal sleep quality) from WMT. WMT
effectively shortened the time for falling sleep, extended the total sleep time, and alleviated sleep disturbances as well as
daytime dysfunction. However, 13 patients with poor sleep still experienced continued sleep difficulties after WMT. Hashash
et al*® carried out a study about the effects of brief behavioural therapy for sleep in IBD and found that sleep quality improved
with a 44% reduction of PSQI scores (PSQI scores: pre-mean was 10.61, post-mean was 5.92). Most participants (54%, 28/52)
achieved a PSQI score < 5. In addition, clinical guidelines recommended the use of behavioural sleep treatments as a first line
treatment for insomnia especially amongst individuals with chronic diseases.*® Considering the effects of WMT on improving
sleep are close to that of behavioural therapy, more evidence should be provided to clarify the values of WMT for sleep.

The precise mechanisms of therapies targeting gut microbiota promoting sleep remain elusive. Liu et al reported that WMT
moderated gut microbiota to improve the behavioural and sleeping disorders symptoms of patients with autism spectrum
disorder via reducing toxic metabolic production and improving detoxification.’” There is scarce direct evidence from relevant
studies proving the mechanisms through which WMT improves sleep. Two animal studies reported that using antibiotics to
clear gut microbiota could diminish serotonin production and alter the permeability of the blood-brain barrier, thus
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contributing to a decrease in sleep quality.*®** We hold the view that WMT may enhance serotonin levels and improve blood-
brain barrier permeability by rebuilding gut microbiota, thereby improving sleep. Additionally, WMT may also regulate sleep
by altering gut microbiota composition and levels of inflammatory factors, melatonin, and bile acids.**** Further studies are
needed to fully understand the potential mechanisms of WMT for improving sleep.

Our study shows that WMT not only improved sleep quality in patients with IBD, but also benefits the clinical
symptoms of IBD, including abdominal pain, haematochezia and diarrhoea. Additionally, a clinical study reported that
undergoing FMT from healthy donors improved insomnia symptoms among patients with IBS. Meanwhile, the above
study revealed that the FMT also normalized stool forms and alleviated gastrointestinal symptoms.'* An unsolved
question is whether the interindividual variability in gut microbiota composition and metabolism among donors with
healthy sleep plays a role in the efficacy of WMT to improve sleep among patients with sleep disorders. However, which
bacteria play a key role and the maintenance time of WMT’s sleep-improving effects is currently scarce, so it is difficult
to draw conclusions. Previous literature reported that poor sleep was associated with an increased risk of disease flares in
IBD, and improving sleep disturbances in patients with IBD might contribute to better clinical outcomes.”*** In
addition to our findings, more evidence is needed to clarify whether WMT could contribute to more stable and sustained
clinical outcomes by improving the sleep of IBD patients.

Furthermore, 36.4% (4/11) of IBD patients with an inactive disease status experienced poor sleep, and 75% (3/4) of
above patients had better sleep after undergoing WMT. In line with our results, a previous study reported that up to
33.3% of CD patients in remission persistently reported poor sleep.*® In addition, a study reported that patients with
inactive IBD and poorer sleep quality had a higher risk of disease relapse at six-month follow-up than patients without
sleep disturbances.*® Therefore, we believe that it is necessary to investigate sleep with available medical interventions,
regardless of IBD activity status.?” The present findings indicate that IBD patients in remission may benefit from WMT
and improved sleep. Although our study found no significant correlation between the improvement in IBD symptoms and
sleep quality of patients using Spearman correlation analysis (r = 0.24, p = 0.1), it’s important to consider our sample size
and the limitation that correlation analysis alone cannot conclusively determine whether sleep improvements were not
attributable to reduced IBD symptoms after WMT.

Several pharmacological and nonpharmacological interventions have been suggested and are included in international
guidelines to manage sleep disturbances.*® Pharmacological therapies, such as hypnotics and benzodiazepine-like agents, are
frequently prescribed to patients with IBD to treat depressive and anxiety symptoms and sleep disturbances, although these
can cause daytime sleepiness, impaired cognitive function, and are associated with a risk of dependency.** Cognitive
behavioural therapy for sleep disturbances, which includes sleep restriction, stimulus control, and cognitive restructuring,®
is a non-pharmacological intervention that has been demonstrated to be effective in improving sleep (assessed by the PSQI).”!
In addition, a two-phase open trial exploring interventions for sleep reported that behavioural therapy improved sleep and
fatigue and produced additional benefits for psychiatric symptoms in IBD.>> As the relationship between sleep and the gut
microbiota continues to be verified, several strategies for improving sleep by manipulating the gut microbiota have been
suggested, including probiotic and prebiotic interventions and FMT.** The current study provided evidence that targeting gut
microbiota through WMT might improve sleep in patients with sleep disorders. Further studies are needed to fully understand
the therapeutic potential of WMT for sleep disturbances and to clarify the mechanism.

The present study had several limitations. Firstly, it lacked objective measurements of sleep, such as polysomno-
graphy or actigraphy. Some clinical outcomes relied on a self-evaluation questionnaire. Secondly, to enhance the validity
of the conclusions, future studies with larger sample sizes and a randomized controlled design should establish
a scientific predictive model. Thirdly, the study did not assess the correlation between changes in gut-microbiota
composition and function and sleep quality. Fourthly, colonic TET, as a breakthrough of microbiota delivery in
microbiota medicine,”® would not affect the patients’ sleep, but the delivery of WMT via nasal-jejunal (mid-gut) tube
might reasonably affect sleep in some patients. So, the inclusion of patients using nasojejunal tubes might introduce bias.
Additionally, the lack of questionnaires for depression, anxiety, or fatigue at baseline or during follow-up prevents us

from excluding the possibility that improvements in sleep quality were secondary outcomes.
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Conclusions

The results of this study suggest that WMT could be a promising intervention for enhancing the sleep quality of patients
with IBD, especially those with initially poorer sleep quality who may experience particularly significant improvements.
These findings provide valuable insights for clinicians and highlight the potential of WMT as a clinical intervention for
addressing poor sleep in IBD patients.
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