
Background

Inflammatory bowel disease (IBD) is a chronic inflammatory disease that primarily affects the gastrointestinal system.(Guan 2019) Its pathogenesis it not fully understood, but is thought to include interactions between genetic, immunologic, and environmental factors.(Glassner 2020) A reduction in microbial diversity and loss of beneficial bacteria the gut and intestinal microbiome have been observed in IBD, although the causal link is unclear. Animal studies have suggested that risk for IBD is linked to changes in the abundance of bacterial, fungal, and viral species in the microbiome.(Glassner 2020) Coupled with the effectiveness of probiotic and antibiotic therapy and the promising results of fecal microbiota transplantation in inducing and maintaining disease remission in humans, these findings suggest that microbial alterations may be a factor in the development of IBD.(Glassner 2020; Tan 2020) Microbial alternations have also been linked to IBD subtype and other disease characteristics, including disease activity and severity of symptoms.(Chen 2020; Furey 2019) 

Sleep physiology has also been found to be correlated with the gut microbiome and likewise, the causal mechanisms of the relationship are unclear. For example, pro-inflammatory cytokines IL-1 has been found to increase spontaneous sleep and fatigue, yet ongoing sleep loss increases IL-1. Likewise, IL-6 increases with sleep loss.( Frey 2007; Krueger 2001; Obal 2003). Total microbiome diversity has been found to be positively correlated with sleep efficacy, total sleep time, and IL-6; and negatively correlated with wake after sleep onset.(Smith 2019) Alteration in the gut microbiome have been observed in as little as 48 hours following partial sleep deprivation.(Benedict 2016) 

Several studies have observed an association between poor sleep quality and poorer clinical outcomes and health-related quality of life (QoL) in IBD.( Ananthakrishnan 2013; Graff 2013; Habibi 2017; Scott 2021; Uemura 2016) Given these findings, it plausible that regulation of the gut microbiome may improve IRB-related symptoms either alone or in conjunction with improvements in sleep quality. The proposed analysis aims to establish whether sleep measures and alterations diversity in the gut microbiome can predict measures ofare associated with clinical symptoms in IBD. It is hypothesized that increased within-sample microbial diversity and improvements in sleep measures will predict reductions in IBD-related symptomsare associated with decreased clinical symptoms in IBD.

Methods

Data
This analysis will utilize data compiled by the Integrative Human Microbiome Project (HMP2) and made available through the Inflammatory Bowel Disease Multi’omics Database (IBDMDB)(https://ibdmdb.org). The database comprises taxonomic, metagenomic, metatranscriptomic, metaproteomic, and metabolic data on the microbiome for 90 IBD patients followed over the course of one year. 


Outcome variable 

The outcome of the proposed analysis is clinical symptoms of IBD. The IBDMDB includes baseline measures of clinical symptoms assessed via the Short Inflammatory Bowel Disease Questionnaire (SIBDQ), the Simple Clinical Colitis Activity Index (SCCAI) for ulcerative colitis (UC), and the Harvey-Bradshaw Index (HBI) for Crohn’s disease (CD). The proposed analysis will model clinical symptoms for both main IBD phenotypes (CD and UC) in the same model. Thus, the SIBDQ will be used to assess clinical symptoms in this analysis. The SIBDQ assesses recent physical, emotional, and social symptoms or difficulties of IBD. The 10-item questionnaire is scored from 7 to 70, with lower scores indicating greater severity of IBD-related symptoms.(Irvine 1996) Since there are no known meaning cutoffs for the SIBDQ, the outcome will be discretized based on the mean score of the IBD patients (i.e., ≤ mean vs. >mean). The SCCAI assesses physical symptoms of UC, including bowel frequency, urgency of defecation, blood in stool, general wellbeing, and extracolonic features. Higher scores on the SCCAI indicates greater severity of UC symptoms.(Walmsley 1998)  The HBI assesses the severity of clinical symptoms, including  abdominal pain, frequency of liquid stools per day, abdominal mass, general wellbeing, and extracolonic features. Higher scores on the SCCAI indicates greater severity of CD symptoms.(Harvey 1980) 

The SIBDQ, SCCAI, and HBI questionaries were completed at baseline only. Of the 43 CD patients and 23 UC patients that completed baseline assessments, 81% and 91% provided data on clinical symptoms via the HBI and SCCAI, respectively (Figure 1). Fewer subjects completed the SIBDQ at baseline (78% CD and 70% UC patients). For this reason, this analysis will measure clinical symptoms of IBD using the HBI and SCCAI. The HBI may be considered as a secondary measure of clinical symptoms. 

Input Variables 

Inputs variables will include IBD phenotype (CD vs. UC), various measures of sleep quality, and within-sample microbial diversity.  available taxonomic, metagenomic, metatranscriptomic, metaproteomic, and metabolic data on the microbiome. The IBDMDB includes 8 measures of sleep, each assessed using a 5-point Likert scale.  (Figure 2).Sleep measures will be included in the model as nominal variables with values ranging from 1 to 5. Alpha (within-sample) diversity will be evaluated using the Shannon Diversity Index using a natural log base. Alpha diversity will be calculated using the microbiome of the baseline fecal sample and using the operational taxonomy units (OTU) table generated and published by the HMP2. The OUT table includes 982 OTUs. Alpha diversity will be discretized based on the mean score of the IBD patients (i.e., ≤ mean vs. >mean).  Note that data on sleep and clinical symptoms were assessed at baseline only. Thus, the association between changes in the microbiome and changes in sleep and clinical symptoms cannot be investigated.  Approximately 79-84% of the CD patients and 70-78% of UC patients have baseline data for the sleep measures.  

The HMP2 collected 178 fecal samples, of which 177 samples could be linked to 81 participants. Of these 81 participants, 54 had a diagnosis of IBD. Of these 54 IBD patients, 39 had complete baseline data for all sleep measures and the SIBDQ. The analysis will include data for these 39 patients.

Statistical Modeling
IBD-related symptoms will be predicted by constructing a Bayesian Network (BN) that includes nodes for SIBDQ score, IBD phenotype (CD vs. UC)symptoms, alpha diversity, and each sleep measures, diagnosis (CD, UC), and components of the gut microbiome that are correlated with symptoms.. The structure of the BN will be learned using a hill-climbing algorithm based on log likelihood scores. The algorithm will start with an initial BN that includes no arcs. A maximum number of parents per node may specified, if deemed appropriate.





Timeline
October 14: 	By this date, I plan to have successfully downloaded all data files from the IBDMDB.
October 21: 	By this date, I plan to have finalized my proposal based on feedback from Dr. Yoo and the class and on review of the downloaded data.
October 28: 	By this date, I plan to have prepped all the data files and run initial frequencies, summary statistics, and correlations on the outcome and input variables.
November 4:	 By this date, I plan to have prepped my R code for learning the Bayesian network.
Nov 164: 	By this date, I plan to have run my code to generate an initial BN. 
Nov 11-2823: 	By this date, I plan to finalize my BN. Specifically, I plan to assess whether increasing the maximum number of parents allowed per node significantly improves the model. I will also query probabilities of interest from the final network.Between these dates, I will be refining my analysis. 
Nov 3025: 	By this date, I plan to have a first draft of my project paper. 
Dec 102: 	By this date, I plan to have finalized my project paper.
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Figure 1. Consort diagram for indices of clinical symptoms by diagnosis.
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Figure 2. Consort diagram for sleep data by diagnosis.
