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ABSTRACT
Introduction  Crohn’s disease and ulcerative colitis are 
common chronic idiopathic inflammatory bowel diseases 
(IBD), which cause considerable morbidity. Although the 
precise mechanisms of disease remain unclear, evidence 
implicates a strong multidirectional interplay between 
diet, environmental factors, genetic determinants/immune 
perturbations and the gut microbiota. IBD can be brought 
into remission using a number of medications, which act 
by suppressing the immune response. However, none of 
the available medications address any of the underlying 
potential mechanisms. As we understand more about 
how the microbiota drives inflammation, much interest 
has focused on identifying microbial signals/triggers in 
the search for effective therapeutic targets. We describe 
the establishment of the Australian IBD Microbiota (AIM) 
Study, Australia’s first longitudinal IBD bioresource, which 
will identify and correlate longitudinal microbial and 
metagenomics signals to disease activity as evaluated by 
validated clinical instruments, patient-reported surveys, 
as well as biomarkers. The AIM Study will also gather 
extensive demographic, clinical, lifestyle and dietary data 
known to influence microbial composition in order to 
generate a more complete understanding of the interplay 
between patients with IBD and their microbiota.
Methods  The AIM Study is an Australian multicentre 
longitudinal prospective cohort study, which will enrol 
1000 participants; 500 patients with IBD and 500 healthy 
controls over a 5-year period. Assessment occurs at 
3 monthly intervals over a 24-month period. At each 
assessment oral and faecal samples are self-collected 
along with patient-reported outcome measures, with 
clinical data also collected at baseline, 12 and 24 months. 
Intestinal tissue will be sampled whenever a colonoscopy 
is performed. Dietary intake, general health and 
psychological state will be assessed using validated self-
report questionnaires. Samples will undergo metagenomic, 
transcriptomic, proteomic, metabolomic and culturomic 
analyses. Omics data will be integrated with clinical data 
to identify predictive biomarkers of response to therapy, 
disease behaviour and environmental factors in patients 
with IBD.
Ethics and dissemination  Ethical approval for this study 
has been obtained from the South Eastern Sydney Local 
Health District Research Ethics Committee (HREC 2019/

ETH11443). Findings will be reported at national and 
international gastroenterology meetings and published in 
peer-reviewed journals.
Trial registration number  ACTRN12619000911190.

INTRODUCTION
Inflammatory bowel disease (IBD) is an 
incurable chronic disabling disease that 
impacts the health and quality of life for 
many individuals. It is composed of Crohn’s 
disease (CD) and ulcerative colitis (UC), 
both chronic inflammatory conditions 
affecting the gastrointestinal tract, for which 
there is currently no cure. Of the 25.5 million 
inhabitants of Australia, over 85 000 individ-
uals have been diagnosed with IBD, with 

Strengths and limitations of this study

►► First large-scale multicentre study in Australia built 
on collaborative agreement between inflammatory 
bowel diseases (IBD)-focussed clinicians, scientists 
and allied health professionals, offering a unique op-
portunity to deeply understand gastrointestinal mi-
crobial signatures in IBD compared with unaffected 
first-degree relatives and healthy controls.

►► The prospective, longitudinal data acquisition strat-
egy over a 24-month period allows identification of 
subtle shifts associated with key events such as re-
mission induction, disease flares and responses to 
medications. This could lead to discovery of novel 
therapeutic targets for microbial manipulation.

►► Inclusion of both child and adult participants in the 
study, meaning that comparisons can be made be-
tween childhood and adult disease.

►► The requirement for participants to be antibiotic-free 
for 3 months prior to study entry may disproportion-
ately exclude some patients with more aggressive 
IBD.

►► Collection of dietary data will be performed using a 
smartphone application. We expect under-reporting, 
as common in studies evaluating dietary intake.
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an expected increase to more than 100 000 by 2022.1 
Currently, approximately 1 in 250 people are affected, 
which equates to a prevalence of 0.4% (197 per 100 000 
for CD and 196 per 100 000 for UC).2 3 This places 
Australia on par with countries in Europe and North 
America among nations, which have the highest rates in 
the world, with an annual cost to society of US$2.7 billion.4 
The most recent data, from 2011, shows an estimated 
IBD prevalence in Australia of ~100 000 with New South 
Wales (NSW) having an estimated prevalence of 343/100 
000 population, which equates to almost one-third of the 
country’s IBD burden.5

It is broadly accepted that IBD arises from a dysregu-
lated immune response to alterations in the gut micro-
biota in genetically susceptible individuals.6 Sufferers 
can endure numerous attacks or ‘flares’, which can be 
followed by periods of relative remission; however, the 
disease trigger remains elusive. IBD often confers a life-
time of unpleasant, intrusive and potentially dangerous 
intestinal inflammation on individuals. Existing treat-
ment modalities are limited by lack of efficacy/durability, 
toxicity and poor patient acceptability, with high risk of 
side effects and disease recurrence. Being able to identify 
people at risk of disease onset, prior to symptomatology 
or to prevent symptom progression, would yield signifi-
cant global social impact and economic benefit.

Until recently most IBD studies have focused on single 
time point sampling—a ‘snapshot in time’ of a patient’s 
disease.7 8 As we understand more about IBD, it is clear 
that this approach, while yielding valuable information, 
provides a narrow window into a disease process which is 
continually evolving and is unique to individual sufferers, 
failing to account for important intraindividual variation, 
which likely has important clinical implications. This 
is especially true when considering the role of the gut 
microbiota, which has been shown to fluctuate greatly 
over the natural course of an individual’s disease. Several 
recently published studies have highlighted the strengths 
of utilising longitudinal assessment of the IBD gut micro-
biome.9–11 These studies have provided insight into how 
the microbiota changes through the natural history of 
disease and offers potential in terms of determining ther-
apeutic management. However, more studies are needed 
to validate these findings, including studies which focus 
on non-European populations and multifaceted studies 
of both host and microbial factors.

There is an existing knowledge gap in terms of defining 
microbiota changes in IBD in Australia. Different popu-
lations not only have differing genetic risk loci and 
disease prevalence rates in terms of IBD, but also harbour 
different gut microbes, in part due to varying environ-
mental exposures and dietary habits.12 13 Epidemiological 
data about IBD in Australia are limited. The most compre-
hensive prospective population-based study conducted to 
date was in the city of Geelong in the state of Victoria, 
between April 2007 and March 2008, reporting an annual 
incidence rate of IBD of 29 per 100 000 (17.4 per 100 000 
for CD and 11.2 per 100 000 for UC).5

The Australia IBD Microbiome (AIM) Study establishes 
world-class IBD clinical research infrastructure in NSW, 
which will in turn improve the clinical management of 
patients by more accurately recording information on its 
IBD population. This will create an opportunity to better 
inform IBD therapeutic decision making and influence 
IBD clinical resource management.

The AIM study is a multicentre collaborative study 
launched by the Sydney+IBD Research Consortium, a 
collaborative group formed by IBD-focused gastroen-
terologists, scientists and dietitians based in major clin-
ical and educational centres across NSW and Australian 
Capital Territory (ACT). St George Hospital and its affil-
iate Microbiome Research Centre (Kogarah, NSW) form 
the study epicentre, being the lead clinical recruiting 
site and also the analysis hub for the AIM Study. Other 
hospitals across NSW and ACT involved in the AIM 
Study include: St Vincent’s, Concord, Liverpool, Royal 
Prince Alfred, Sydney Children Hospital Randwick, The 
Children’s Hospital at Westmead, Blacktown, Wollon-
gong, Sutherland, John Hunter (Newcastle), Canberra, 
Prince of Wales and North Shore all of whom have size-
able IBD patient populations (estimate total of approx-
imately 10 000 patients). Ultimately, the vision for AIM 
is to expand to hospitals in other Australian states and 
territories.

The specific aims of this cohort are:
1.	 Define the microbiota signature of IBD in Australia.
2.	 Determine key microbiota changes associated with on-

set of IBD symptoms and responses to therapy.
3.	 Define whether longitudinally collected microbiota 

data can be used to (A) predict IBD relapse and (B) 
better inform therapeutic decision making.

METHODS AND ANALYSIS
Study design and setting
The AIM Study is a longitudinal cohort study, which 
follows patients with IBD and controls over 24 months and 
collects clinical data, patient-reported data and biological 
samples on a 3 monthly basis. The study aims to recruit 
1000 participants from recruiting hospitals. Recruitment 
commenced in June 2019 and 24-month follow-up will be 
completed by June 2026. As of October 2020, 306 partici-
pants have been recruited.

Participant characteristics
The participants will be from four groups:
1.	 Group 1: patients with CD (n=250).
2.	 Group 2: patients with UC (n=250).
3.	 Group 3: healthy controls with a family history of IBD 

(first degree relative (FDR)) (n=250).
4.	 Group 4: population controls (n=250).

Clinical disease activity definitions
Definition of remission—CD=Adults-CD Activity Index 
(CDAI) <150 (without corticosteroids), Children-
paediatric CDAI (PCDAI) <12.5. UC=Adults UC Mayo≤2 
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with no sub score >1 without corticosteroids/Children-
paediatric UC disease activity <10.

Definition of relapse/flare—CD=adults CDAI score 
≥220 points and a≥100-point increase from baseline, 
Children-PCDAI >/=12.5. UC=Adults-increase in partial 
Mayo score of ≥3 points on two consecutive visits or an 
increase to 9 points on consecutive visits if the baseline 
value is >6 and a partial Mayo score ≥5 points; Children-
paediatric UC disease activity >/=10. For both CD +UC 
patients who require rescue medications or surgical 
intervention

Eligible participants must be aged between 6 and 80 
years old at study entry. Participants enter the IBD group 
if they have been diagnosed with CD, UC or IBD-U (IBD 
unclassified; paediatric population) according to Copen-
hagen criteria (adults) and Paris classification (paedi-
atrics). IBD participants do not need to be in disease 
remission for study enrolment; they can be enrolled 
regardless of current disease activity status. Participants 
enter the healthy control/population control groups if 
they have no history of irritable bowel syndrome, bowel 
surgery or autoimmune disease. Before study enrol-
ment, participants must not have taken probiotics for the 
previous 1 month, antibiotics for 3 months, have expe-
rienced gastroenteritis or undertaken overseas travel 
for 1 month, and not have any active infections. Female 
participants must not be pregnant or breast-feeding at 
time of study entry. Written informed consent is obtained 
from all participants or their legal guardian.

Recruitment strategy
Known patients with IBD in existing hospital and private 
practice databases are approached by the study coordi-
nator. If they indicate interest, additional information 
is relayed via a phone call or email. Additional partici-
pants are also identified when they attend for routine 
clinic, endoscopy or biological infusion visits or through 

advertisements. Control participants are recruited 
through advertisement and/or word of mouth.

In addition, the AIM study is advertised electroni-
cally through the Australian New Zealand Clinical Trials 
Registry, and the Crohn’s Colitis Australia Foundation 
Website and Facebook page. AIM study posters are 
displayed in waiting rooms of hospital clinics, private 
gastroenterology offices and general practice clinics. 
Interested participants contact the study coordinator on 
the study mobile phone or email account. There is no 
financial incentive, either in the form of travel reimburse-
ment or out of pocket expenses for participants taking 
part in the study.

Study timeline
Data time points, and samples and data to be collected at 
each timepoint, are summarised in figure 1. Participants 
are provided verbal, written and pictorial instructions for 
sample collection. A consenting participant is invited to 
attend their local hospital AIM research clinic for baseline 
visit. During this visit, the participant answers a number 
of questions with the clinician pertaining to demographic 
and clinical history, and then completes a series of elec-
tronic surveys regarding diet and health questionnaires. 
A blood sample is taken. The participant is provided with 
home stool and oral collection kits for month 0, 3, 6, 9 
and 12 of the study. This study visit is repeated at 12 and 
24 months. Every 3 months, the participant undertakes 
an additional short electronic survey regarding quality of 
life and medication use and performs home collection 
of stool and oral samples. These questionnaires as well as 
collection reminders are sent to participants nominated 
email address. After successful collection, the participant 
is asked to return the sample to the hospital within 24 
hours. For IBD participants diagnosed with a flare (physi-
cian global assessment, paediatric measures of disease 
activity, raised stool and blood inflammatory markers), 

Figure 1  Aim study protocol over 24-month study duration for participants in all groups showing routine 3 monthly study 
sampling strategy as well as additional activities when sporadic events of IBD flare and colonoscopies occur. IBD, inflammatory 
bowel disease.
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additional sets of blood, stool and oral samples (±colonic 
biopsies if colonoscopy performed) are collected at each 
flare event.

DATA COLLECTION
Members of the Sydney+IBD Research Consortium formu-
lated the collection instruments based on review of litera-
ture and clinical standards. A working group constructed 
a list of data fields for each instrument. These instru-
ments were subsequently discussed during the meetings 
throughout 2018. Instruments were accepted, modified 
or rejected. This process was repeated until consensus was 
reached.

Clinical data
The AIM study contains 24 patient-facing data collection 
instruments (table  1), with a total of over 1000 unique 
data fields. These instruments prospectively collect data 
on a 3 monthly basis. The demographic instruments 
capture age, sex and ethnicity data, as well as aspects rele-
vant to microbiota health. These include family history, 
perinatal history, home environment during childhood, 
vaccination history, travel history, smoking and alcohol 
intake. The disease phenotype instrument captures infor-
mation on disease location and behaviour, Copenhagen/
Paris Classification, duration of illness and disease compli-
cations, previous surgery and treatment history. Dietary 
habits are captured by three dietary instruments in the 

form of (1) a validated electronic version of the Cancer 
Council Victoria Food Frequency Questionnaire (Dietary 
Questionnaire for Epidemiological Studies (DQES) 
V.3.2).14 15 It estimates foods and beverages intake based 
on 37 questions grouping the diet into grains, dairy, fat, 
oil, meat, fish and seafood, eggs, sugar, fruit, vegeta-
bles, miscellaneous, tea/coffee and alcoholic beverages 
with quantities. The questionnaire can be self- or inter-
viewer administered, (2) a 3-day food diary recorded in 
the Easy Diet Diary smartphone app, a commercial diet 
recording tool, developed by Xyris (Australia). It has 
already undergone significant development and testing 
and has a high user rating.16 The app allows the user 
to select food/beverage consumed from a large data-
base of ‘brand name’ commercial foods currently sold 
in Australia (AusBrands 2019) and a database of simpli-
fied food descriptors (AusFoods 2019). The food diary 
can be emailed directly from the Easy Diet Diary smart-
phone app (available on both Android and iPhone) to 
the researcher and be readily imported into the Food-
Works Professional (V.10) nutrient analysis software17 and 
broken down based on Australian food composition data-
bases to over 50 nutrients and components.18 19 Weighing 
of food is not required; the app allows the user to enter 
portion sizes in household measures or using typical serve 
sizes, (3) a food avoidance and restriction questionnaire20 
that contains 12 questions designed to understand the 
prevalence and pattern of food avoidance and restriction, 

Table 1  List of participant-answered questionnaires

Clinical subgroup Adults Paediatrics

IBD Demographic questionnaire Demographic Questionnaire

Disease specific

CD Activity Index
CD Phenotype
Or
Partial Mayo
UC Phenotype

Paediatric CD Activity Index
CD Phenotype
Or
Paediatric UC Activity Index
UC Phenotype

Quality of Life

IBD-Q
SF-36

IMPACT-III
SF-36

Diet

3-day Food Intake Diary
Food Frequency Questionnaire
Food Avoidance and Restriction Questionnaire

3-day Food Intake Diary
Food Frequency Questionnaire
Food Avoidance and Restriction Questionnaire

Healthy controls Demographic questionnaire Demographic questionnaire

Quality of Life

SF-36 SF-36

Diet

3-day Food Intake Diary
Food Frequency Questionnaire
Food Avoidance and Restriction Questionnaire

3-day Food Intake Diary
Food Frequency Questionnaire
Food Avoidance and Restriction Questionnaire

CD, Crohn’s disease; IBD, inflammatory bowel disease; IBD-Q, IBD-Questionnaire; SF-36, Short Form 36 Health Survey Questionnaire; UC, 
ulcerative colitis. copyright.

 on M
arch 21, 2021 at W

estern S
ydney U

niversity. P
rotected by

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-042493 on 16 F
ebruary 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


5Williams A-J, et al. BMJ Open 2021;11:e042493. doi:10.1136/bmjopen-2020-042493

Open access

and to explore reasons for this behaviour. The question-
naire is based on criteria for the diagnosis of Avoidant 
Restrictive Food Intake Disorder and has been validated 
in a cohort of Australian adults in 2017. Colitis activity 
is measured by validated clinical score tools, such as the 
CDAI, Partial Mayo Score, Paediatric UC Activity Index 
and Paediatric CDAI (PCDAI). These instruments are 
completed by a study clinician at each study site or issued 
to patients for self-completion as appropriate. These data 
tools are performed at initiation of the study and updated 
at 12-month and 24-month follow-up clinic visits.

Patient-reported outcome measures
Quality of life assessment is obtained using validated 
self-reported outcomes tools completed by participants 
every 3 months during the study. For paediatric partici-
pants completion of patient-reported outcome measures 
will be guardian facilitated (as required). Generic assess-
ment with the Short Form 36 Health Survey Question-
naire (SF-36) instrument is completed by all participants 
every 12 months; the IBD-Questionnaire, a widely used 
health-related quality of life measurement specific to 
adult patients with IBD, is completed by all adult patients 
with IBD every 12 months; IMPACT-III, a quality of life 
measurement specific to paediatric patients with IBD is 
completed by, or on behalf of paediatric patients with 
IBD every 12 months. The CD Patient-Reported Outcome 
3 is completed by CD patients every 3 months, similarly 
the UC patient-reported outcome measure is completed 
by UC patients every 3 months.

Biological samples
Blood: plasma, buffy coat and serum venous blood samples 
are collected at baseline, 12-month and 24-month time 
points and stored at −80°C. Multiple aliquots of samples 
are generated (3 x plasma; 3 x serum).

Faecal samples are collected using sterile ColOff 
catchment bags with samples placed in Stratec PSPSpin 
Stool DNA Plus Kit tubes with an additional unbuffered 
faecal sample aliquot also collected. Oral samples are 
collected using Copan eNat sterile swabs and Guanidine 
thiocyanate-based DNA stabilising medium with partici-
pants given verbal and written instruction on performing 
a standardised sampling approach. Once the samples are 
returned to the Microbiome Research Centre (University 
of NSW) located at St George Hospital, the samples are 
aliquoted and stored at −80°C. To minimise processing 
introduced bias, all samples are processed at one labora-
tory. Multiple aliquots of each sample are generated (5 x 
buffered stool; 3 x oral samples). Patient are requested 
to store samples at ambient temperate and to return 
samples within 3 days. Once returned, samples are stored 
for a maximum of 7 days prior to aliquoting and storage 
at −80°C.

Intestinal biopsies are collected if and when a partici-
pant undergoes a colonoscopy or sigmoidoscopy. If colitis 
is absent, biopsies are taken from different anatomical 
locations. When colitis is present, the most-inflamed 

segment as well as the adjacent normal-appearing mucosa 
is sampled. Biopsies are placed immediately into RNAl-
ater and stored at 4°C for 24 hours prior to transfer to 
−80°C long-term storage.

Sporadic events: flares and endoscopies
If a participant undergoes colonoscopy during the study 
period, colonic biopsies are taken as discussed in biolog-
ical samples. For IBD participants, endoscopic scoring is 
also performed using the applicable scoring tools: Mayo 
score and UC Endoscopic Index of Severity for UC; 
Simple Endoscopic Score for CD±Rutgeerts for Crohn’s.

If an IBD participant is diagnosed by their treating 
clinician with a flare of IBD, an extra set of blood, stool 
and oral samples are collected, and additional disease 
activity scoring is performed with CDAI or Partial Mayo 
instruments.

DATA MANAGEMENT
Clinical data will be collected using electronic forms 
nested within Research Electronic Data Capture.21 22 
This is a cloud-based database application which can be 
accessed by authorised staff members at each study site. 
Study setup and maintenance are performed by study 
coordinators. Authorised staff members are tasked with 
adding data to the electronic database and will keep the 
database current to reflect subject status during the study 
period. Biological samples will be stored at −80°C until 
processing/analysis of the samples in batched runs.

ANALYSIS PLAN
Sample size calculation
Our sample size of (N=1000) is based on data from a 
recently published measure of microbial community 
structure (alpha diversity).9 Assuming a 30% reduction in 
microbial richness (Shannon index; CD compared with 
controls), with an SD of 44% of the group mean and type 
I error probability of 0.05% and 80% power, 190 partici-
pants is needed per group. Therefore, with group sizes of 
250, we will recruit sufficient numbers to deal with up to 
25% patient drop-out through the study duration.

Outcomes and covariate assessment
Primary outcomes in this study are as follows:
1.	 To define the microbiota signature of IBD in Australia.
2.	 To determine key microbiota changes associated with 

onset of IBD symptoms and responses to therapy.
3.	 To define whether longitudinally collected microbiota 

data can be used to (A) predict IBD relapse and (B) 
better inform therapeutic decision making.

Secondary outcomes in this study include:
1.	 What is the IBD disease burden in NSW?
2.	 How does the AIM signature compare with other 

populations?
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Potential confounding factors that will be assessed as 
covariates when modelling associations include

►► Treatment regimens and therapeutic outcomes.
►► Relapse/remission profiles.
►► Extent and duration of disease.
►► Diet and environmental factors.
►► Prior and existing antibiotic exposure.
Other covariates which will be considered include medi-

cations, recent illness, antibiotic or microbiota impacting 
therapeutics23 and medical history.

Analysis of biologic samples
The microbial DNA extracted from faecal, oral and 
biopsy samples will undergo 16S rRNA gene and metag-
enomics sequencing with annotation of DNA sequences 
to species level where possible or operational taxonomic 
units to 97%. DNA extraction from the faecal samples 
will be obtained by use of the commercial PSP spin stool 
kit (Stratec, USA), with an enzymatic and bead beating 
step to enhance DNA recovery and concentration. DNA 
extraction from the oral samples will be obtained using 
the commercial QIAamp DNA mini kit (Qiagen, USA) 
following previously published methodology.24 DNA 
concentration will be measured using the Qubit V.2.0 
Fluorometer (Life Technology, USA). Quantitative PCR 
analysis of samples will be undertaken to confirm the 
presence of bacterial DNA, prior to sequence analysis. To 
control for possible reagent and collection kit contami-
nation, sample collection buffers and double distilled 
water are included for DNA extraction, Qubit, qPCR and 
sequencing.

Metabolomic analysis
Serum samples will be analysed for untargeted followed 
by targeted metabolic profiling. This will be performed 
using liquid and gas chromatography-mass spectrom-
etry. The data acquired in the untargeted scan will be 
processed and analysed using established protocols.25 26 
From stool samples, measurement of faecal calprotectin, 
targeted metabolites including short chain fatty acid anal-
ysis and untargeted metabolomic analysis will be under-
taken. Proteomic profiling both targeted and untargeted 
will be applied to subsets of patient sera, stool and tissue 
and oral samples to address primary outcomes with a focus 
on early markers of relapse and treatment regimens.

Blood profiling analysis
Immune parameters and cytokine profiles from serum and 
plasma samples will be analysed. Samples will be assayed 
for C reactive protein (CRP), adipokines (adiponectin 
and leptin) and cytokines.

Dietary data
Study participants will record their diet for a period of 
3 days (2 weekdays and one weekend day) at baseline, 
12 months and 24 months using the smartphone appli-
cation Easy Diet Diary (applicable for both Android and 
iPhone) and share the diary via email with the study inves-
tigators. Written records are also utilised if participants do 

not wish to use the smartphone application. Diaries are 
then analysed using FoodWorks Professional, a nutrient 
analysis software for Australia and New Zealand (Xyris, 
Western Australia, Australia). Participants also complete a 
validated food frequency questionnaire (Cancer Council 
Victoria, Australia) at baseline, 12 months and 24 months 
as well as a questionnaire relating to food avoidance/
restriction.

Data analytical methods
Data will thereafter be analysed using in-house bioinfor-
matics analysis pipelines to identify both quantitative and 
qualitative differences in microbiota signatures between 
groups. Blood samples will undergo transcriptomic anal-
ysis as well as measurement of inflammatory biomarkers. 
Measurement of faecal calprotectin and short chain fatty 
acids will also be performed on faecal samples to allow 
correlation with microbial signatures.

Statistical analysis
Initially, descriptive analyses of the distribution of 
measured parameters in the study cohort will be 
presented as mean/SD for normally distributed vari-
ables, and median/IQR for those not normally distrib-
uted. Similar statistics will be presented for the subjects 
in whom flares did and did not occur. The differences 
between these populations will be assessed using a t-test 
for normally distributed or Mann-Whitney-Wilcoxon 
test for non-normally distributed parameters. The flare 
rates of the groups will be examined first in univariable 
analyses (assessing the difference in proportions of the 
groups experiencing flare), and then in multivariable 
Cox models in which potential confounder baseline 
variables including disease type, location, behaviour, 
smoking status, therapy, CRP and faecal calprotectin will 
be considered. Under-reporting of dietary energy intake 
will be analysed using Goldberg cut offs.

Associations between measured parameters and micro-
biome measures will be tested to identify all phyla, 
genera, species or pathways that correlate significantly 
(Benjamini-Hochberg false discovery rate<0.05) with 
measured parameters under a Kruskal-Wallis test. These 
data will be presented using plots showing all samples 
on the first two principal coordinates of clades (species) 
and pathways (Kegg Orthology (KO) terms), coloured by 
measured parameters. Principal coordinates will be calcu-
lated using the Bray-Curtis distance metrics. Integration 
of the various multiomic data sets to assess microbiota 
influence on IBD will also be used. Univariable and multi-
variable statistical analysis will be used to assess microbial 
community-level differences, differences in functional/
taxonomic signatures and variations in alpha diver-
sity between groups. Metagenome/metabolic pathway 
construction will use metabolic functions assigned using 
Kyoto Encyclopaedia of Genes and Genomes Orthology 
copy numbers. We will employ advanced biologically 
driven machine learning techniques to undertake multi-
level computational analysis of clinical, environmental, 
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microbial and genetic data, including investigating 
possible nonlinear relationships between the model input 
and output variables. Several approaches will be used to 
define microbiome/functional correlations with health 
indices including cluster-based analysis, correlations and 
regression analysis.

PATIENT AND PUBLIC INVOLVEMENT
Patients or the public were not involved in the design or 
other aspects of the research.

ETHICS AND DISSEMINATION
Ethical approval has been obtained from the South 
Eastern Sydney Local Health District Human Research 
Ethics Committee (2019/ETH11443). At time of writing, 
recruitment is ongoing at six study centres and is expected 
to commence at the remaining centres within the next 12 
months.

Procedures are taken to ensure confidentiality of indi-
viduals participating in this study. No identifying infor-
mation is recorded in the metadata exports, and all 
participants are assigned a unique anonymised identifica-
tion code. Personal information will not be made public 
at any point. Individual participant results will not be 
made available. All samples will be stored confidentially 
in freezers located in restricted access rooms. Participants 
may withdraw consent for participating in the research at 
any time point.

Key study findings will be published in peer-reviewed 
journals as well as presented at national and international 
conferences. We will communicate results directly back to 
our study population through our website, social media, 
regional meetings and newsletters.

To help develop the dissemination strategy and to 
share study results with patients, we will involve the 
national IBD patient support organisation (Crohn’s and 
Colitis Australia) and local St George and Sutherland 
Medical Research Foundation (SSMRF). Study results 
and publications will also be accessible to the public via 
the project website (https://​stgcs.​med.​unsw.​edu.​au/​
australian-​inflammatory-​bowel-​disease-​microbiome).
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