Inflammatory bowel disease

Original research

Saurabh Kedia  ,1 Shubi Virmani,1 Sudheer K Vuyyuru  ,1 Peeyush Kumar,1
Bhaskar Kante,1 Pabitra Sahu,1 Kanav Kaushal,1 Mariyam Farooqui,1 Mukesh Singh,1
Mahak Verma,1 Aditya Bajaj,1 Manasvini Markandey,1 Karan Sachdeva  ,1
Prasenjit Das,2 Govind K Makharia  ,1 Vineet Ahuja  1
► Additional supplemental
material is published online
only. To view, please visit the
journal online (http://d x.doi.org/
10.1136/gutjnl-2022-327811).
1

Department of
Gastroenterology and Human
Nutrition, All India Institute of
Medical Sciences, New Delhi,
Delhi, India
2
Department of Pathology,
All India Institute of Medical
Sciences, New Delhi, Delhi, India
Correspondence to
Dr Vineet Ahuja, Department
of Gastroenterology, All India
Institute of Medical Sciences,
New Delhi, India;
vineet.aiims@g mail.com
Received 8 May 2022
Accepted 31 July 2022
Published Online First
16 August 2022

© Author(s) (or their
employer(s)) 2022. No
commercial re-use. See rights
and permissions. Published
by BMJ.
To cite: Kedia S, Virmani S, K
Vuyyuru S, et al. Gut
2022;71:2401–2413.

ABSTRACT
Objective Microbiome and dietary manipulation
therapies are being explored for treating ulcerative colitis
(UC). We aimed to examine the efficacy of multidonor
faecal microbiota transplantation (FMT) and anti-
inflammatory diet in inducing remission followed by
long-term maintenance with anti-inflammatory diet in
patients with mild-moderate UC.
Design This open-labelled randomised controlled trial
(RCT) randomised patients with mild-moderate (Simple
Clinical Colitis Activity Index (SCCAI) 3–9) endoscopically
active UC (Ulcerative Colitis Endoscopic Index of Severity
(UCEIS)>1) on stable baseline medications in 1:1 ratio
to FMT and anti-inflammatory diet (FMT-AID) versus
optimised standard medical therapy (SMT). The FMT-AID
arm received seven weekly colonoscopic infusions of
freshly prepared FMT from multiple rural donors(weeks
0–6) with anti-inflammatory diet. Baseline medications
were optimised in the SMT arm. Clinical responders
(decline in SCCAI>3) at 8 weeks in both arms were
followed until 48 weeks on baseline medications (with
anti-inflammatory diet in the FMT-AID arm). Primary
outcome measures were clinical response and deep
remission (clinical—SCCAI <2; and endoscopic—
UCEIS <1) at 8 weeks, and deep remission and steroid-
free clinical remission at 48 weeks.
Results Of the 113 patients screened, 73 were
randomised, and 66 were included in (35—FMT-AID;
31—SMT) modified intention-to-treat analysis (age—
35.7±11.1 years; male—60.1%; disease duration—48
(IQR 24–84) months; pancolitis—34.8%; SCCAI—6
(IQR 5–7); UCEIS—4 (IQR 3–5)). Baseline characteristics
were comparable. FMT-AID was superior to SMT in
inducing clinical response (23/35 (65.7%) vs 11/31
(35.5%), p=0.01, OR 3.5 (95% CI 1.3 to 9.6)), remission
(21/35 (60%) vs 10/31 (32.3%), p=0.02, OR 3.2 (95%
CI 1.1 to 8.7)) and deep remission (12/33 (36.4%) vs
2/23 (8.7%), p=0.03, OR 6.0 (95% CI 1.2 to 30.2)) at
8 weeks. Anti-inflammatory diet was superior to SMT in
maintaining deep remission until 48 weeks (6/24 (25%)
vs 0/27, p=0.007).

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ Faecal microbiota transplantation (FMT) is
effective in inducing remission in patients with
mild to moderate ulcerative colitis (UC).
⇒ There is only one small pilot study on the
combination of FMT and anti-inflammatory diet
in mild to moderate UC which was conducted
only until 8 weeks and reported negative
outcomes.
⇒ The role of anti-inflammatory diet in
maintenance of FMT-induced remission has not
been explored.
WHAT THIS STUDY ADDS
⇒ Faecal microbiota transplantation in
combination with anti-inflammatory diet
was more effective than optimised standard
medical therapy in inducing remission in mild to
moderate UC.
⇒ Anti-inflammatory diet could sustain the
remission until 1 year and was more effective
than standard medical therapy alone.
HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY
⇒ Combination of FMT and anti-inflammatory
diet would be an effective and safe therapy for
patients with mild to moderate UC.
⇒ Microbiome manipulation and dietary
interventions may play a major role in the
management of inflammatory bowel disease
and should be further evaluated.

Conclusion Multidonor FMT with anti-inflammatory
diet effectively induced deep remission in mild-moderate
UC which was sustained with anti-inflammatory diet over
1 year.
Trial registration number ISRCTN15475780.
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Faecal microbiota transplantation with anti-inflammatory
diet (FMT-AID) followed by anti-inflammatory diet alone
is effective in inducing and maintaining remission over 1
year in mild to moderate ulcerative colitis: a randomised
controlled trial

Inflammatory bowel disease
INTRODUCTION

METHODS
Patient population

Patients with mild-moderate UC (Simple Clinical Colitis Activity
Index (SCCAI) 3–9), aged 18–65 years, following at the IBD
clinic, All India Institute of Medical Sciences (AIIMS), New
Delhi, India, were included as per the inclusion and exclusion
criteria mentioned in table 1.

Study design

This single-centre, prospective, open-labelled RCT randomised
patients in 1:1 ratio to FMT and anti-inflammatory diet (FMT-
AID) versus optimised standard medical therapy (SMT) arm.
Randomisation was held centrally to ensure concealment of
allocation. Random numbers were generated by computerised
random number schedule (The RAND), and the randomisation
list and numbered packing of the intervention was prepared by a
2402

Table 1

Inclusion and exclusion criteria

Inclusion criteria
Age

18–65 years

Gender

Both

Clinical activity

Mild to moderate ulcerative colitis: SCCAI 3–9

Endoscopic activity

UCEIS>1

Disease extent

Left-s ided colitis/pancolitis

Permitted medications
Oral 5-ASA

Stable dose for >4 weeks

Azathioprine/6-MP

Stable dose for >3 months

Topical therapy (topical 5-ASA
or topical steroid)

Stable dose for >2 weeks

Oral steroid

<20 mg prednisolone equivalent with mandatory
taper of 5 mg/week

Anti-TNF monoclonal antibody

If used more than 6 months back

Others

Agree to adhere to diet schedule
Gave written informed consent

Exclusion criteria
Disease activity

Severe disease activity or acute severe ulcerative
colitis
Patients requiring hospitalisation or surgery

Prohibited medications
Topical therapy

If used within 2 weeks

Antibiotic or probiotic

Within 4 weeks of randomisation

Others

Patients with history of bowel surgery
Concomitant GI infection
Pregnancy/lactation
Comorbid illnesses

5-ASA, 5-aminosalicylic acid; 6-MP, 6-mercaptopurine; SCCAI, Simple Clinical Colitis
Activity Index; TNF, tumour necrosis factor; UCEIS, Ulcerative Colitis Endoscopic
Index of Severity.

person not involved in the study. Randomisation was performed
using permuted blocks of 4. Neither the patient nor the investigator giving treatment was blinded. However, endoscopy was
done by one investigator, which was then scored by another
investigator blinded to the study assignment, and the investigator analysing the data was blinded to the treatment details.
At 8 weeks, patients with clinical response (decline in SCCAI
by >3 points) or remission were followed for the next 40 weeks
until 48 weeks (figure 1). Patients in the FMT-AID arm continued
anti-inflammatory diet in addition to baseline medications, while
patients in the SMT arm continued only baseline medications.

Study duration

Patient enrolment started in September 2019 and was continued
until March 2020. However, because of the COVID-
19
pandemic and nationwide lockdown which was enforced in
last week of March 2020, the trial was withheld until August
2021. No new patient was recruited during this time period, and
patients who were ongoing in the trial were followed-up was
telephonically (or in person after the lockdown was over) until
the trial endpoint was met. The trial was restarted in the month
of August 2021 and continued until November 2021. Because
of the third wave of the COVID-19 pandemic which started in
December 2021, the trial was again withheld in December 2021.

Baseline assessment

All patients underwent a uniform baseline evaluation including
clinical, laboratory and endoscopic assessment (see online
supplemental methods).
Kedia S, et al. Gut 2022;71:2401–2413. doi:10.1136/gutjnl-2022-327811
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Inflammatory bowel disease (IBD) including ulcerative colitis
(UC) has been characterised by gut dysbiosis, although the cause
and effect relationship remains an enigma.1 2 The present treatment algorithm for UC targets the dysregulated immune response
and is limited by moderate efficacy, side effects (infections and
malignancy) and cost, especially in developing countries, where
the disease burden of IBD is rising.3–5 Correction of dysbiosis
would be a more physiological, cost-effective and safe approach
to target the intestinal inflammation, with a potential to alter
the dysregulated pathophysiology upstream of the destructive
immune response.
Diet is one of the major determinants of the gut microbiome
and has been associated with risk as well as disease course of
IBD.6 Diet patterns and dietary constituents can have a positive or negative influence on the gut microbiome, and various
anti-inflammatory diets have been used with clinical success in
patients with Crohn’s disease (CD).7 8 However, the evidence on
dietary manipulation strategies in patients with UC is limited,
and hence, recommendations cannot be made on diet as primary
or adjunct therapy.7–9
Faecal microbiota transplantation (FMT) has been associated
with clinical and endoscopic remission in cohort studies and
randomised controlled trials (RCTs) in UC.10 11 However, these
studies have been heterogeneous in terms of FMT protocol,
method of preparation, dose and intensity of FMT, and there
is no FMT-based induction RCT from Asia. Diet has a potential
to enhance the success of FMT by creating a favourable niche
for the engraftment of donor microbiota and by its own anti-
inflammatory effect.12 However, except for a recent three-arm
study which compared FMT and diet, FMT alone and diet alone
in patients with refractory UC, there is no study which has evaluated the combination of diet and FMT in UC.13 Moreover,
this study had a small sample size with 17, 19 and 15 patients
in each arm, respectively. Further, there is no study which has
evaluated the effect of microbiome manipulation through anti-
inflammatory diet alone in sustaining FMT-
induced clinical
response. Donors also have a very important influence on the
success rates of FMT,14 and we have shown previously that in a
cohort of healthy individuals, rural individuals had a healthier
microbiome than urban individuals,15 which formed the basis for
recruitment of rural donors in the present study.
Hence, we planned a unique study design of combining FMT
from rural donors along with an anti-
inflammatory diet for
induction, followed by anti-inflammatory diet alone for maintaining remission in patients with mild-moderate UC.

Inflammatory bowel disease

Intervention and follow-up during induction phase
Faecal microbiota transplantation

Patients underwent seven weekly sessions (one session per week
from week 0 to week 6) of FMT through the colonoscopic route
(figure 2). For a few patients, who were recruited immediately
before the lockdown (when the trial was withheld), the seven
FMT sessions could not be completed. However, these patients
were continued in the trial on anti-inflammatory diet. Of these,
in three patients, six FMT sessions were completed; in one
patient, four FMT sessions were completed; and in two patients,
one FMT session was given.

Donors for FMT

Healthy rural adults between 18 and 45 years were screened
through a questionnaire (online supplemental table 1), and those
fulfilling the questionnaire underwent stool and blood tests to
rule out possible transmissible infections including multidrug-
resistant organisms in the stool (through antimicrobial resistant
(AMR) gene testing in faecal samples).16 The donors underwent
regular screening with the questionnaire and investigations

every 12 weeks. When the trial was restarted in August 2021
in addition to the screening measures described above, donors
were also screened to rule out COVID-19 infection (see online
supplemental methods and online supplemental table 2).

Diet

Patients in the FMT-
AID arm were administered an anti-
inflammatory diet (online supplemental table 3a) rich in dietary
constituents that expand T-
regulatory cells, promote healthy
microbiota and improve the intestinal barrier, and poor in
dietary constituents that cause dysbiosis or have negative effect
on intestinal barrier.17–28 The major diet principles which were
followed were avoidance of gluten-based grains,17 dairy products of any kind and margarine (curd was allowed),18 processed
and red meat,21 27 food additives,22 23 and refined sugars,27 and
increased intake of fresh fruits and vegetables,24 fermented
foods, AhR (aryl hydrocarbon receptor) ligand-rich vegetables
(cruciferous vegetables)25 and polyphenols (activate AhR).26
However, the evidence on association between majority of food
components and proinflammatory or anti-inflammatory effects

Figure 2 Procedure of faecal microbiota transplantation (FMT).
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Figure 1 Study design for induction and maintenance phase. 5-ASA, 5-aminosalicylic acid; FCP, faecal calprotectin; FMT, faecal microbiota
transplantation; SCCAI, Simple Clinical Colitis activity Index; SMT, standard medical therapy; UCEIS, Ulcerative Colitis Endoscopic Index of Severity.

Inflammatory bowel disease

Control arm

Patients in the SMT arm were continued on their baseline medications along with optimisation of their therapy, which consisted
of increase in 5-aminosalicylic acid (5-ASA) dose and/or addition of topical therapy (topical 5-ASA or topical steroids in those
already on topical 5-
ASA). The dose of topical steroids was
increased in patients on both topical 5-ASA and topical steroids.

Follow-up

Clinical assessment with SCCAI was done at 0, 2, 4, 6 and 8
weeks in both arms. Dietary adherence was assessed at 0, 2,
6 and 8 weeks in the intervention arm (figure 1). Endoscopic
assessment was done at baseline and 8 weeks in both arms, and
the colonoscopic examination was carried out until the area
of most severe inflammation as per the previous colonoscopy.
Endoscopic videos were scored by an independent investigator
blinded to the study assignment. Blood and stool samples for
FCP measurement were collected at 8 weeks.

Intervention and follow-up during the maintenance phase

Clinical responders at the end of 8 weeks were followed at 12,
24, 36 and 48 weeks (figure 1). Clinical disease activity (SCCAI)
was assessed at all visits, dietary adherence in the FMT-AID arm
was assessed at weeks 12, 24, 36, and 48, and endoscopic assessment was done at 48 weeks.

Study endpoints

The endpoints for study were assessed at 8 weeks for the
induction phase and 48 weeks for maintenance phase, or treatment failure if earlier than 8 or 48 weeks. Treatment failure
was defined as an increase in SCCAI by >3 points with rectal
bleeding score >1, requirement for oral steroids and lack of
improvement (decline in SCCAI by <3 points at 4 weeks, for
induction phase only). Patients were withdrawn from the study
on treatment failure in any arm.

Outcome measures
Primary

The primary outcome measure for induction phase was a combination of clinical (SCCAI <2) and endoscopic (UCEIS <1)
remission (deep remission), and the co-primary outcome was
clinical response (decline in SCCAI by >3 points) at 8 weeks.
The primary outcome measure at 48 weeks was deep remission
and maintenance of steroid-free clinical remission (maintenance
of clinical remission without any requirement of steroids, and
steroid taper in those on steroids at induction).

Secondary

The secondary outcome measures included endoscopic remission and response (decline in UCEIS by 2 points) at 8 weeks,
combination of clinical remission and endoscopic response at
8 weeks, clinical remission and response at 24 and 48 weeks,
2404

maintenance of steroid-free clinical response at 48 weeks (maintenance of clinical response without any requirement of steroids,
and steroid taper in those on steroids at induction), endoscopic
remission and response at 48 weeks, and adverse events at
12 and 48 weeks. Adverse events were assessed according to
common criteria for adverse events (CTCEA) (online supplemental methods).

Statistical analysis
Sample size

For the induction trial, the sample size was based on 28% endoscopic remission rate, as reported in previous studies on 5-ASA
dose escalation in patients with UC who relapsed or had active
disease on standard dose 5-ASA.29 Assuming 25% higher remission rates in the FMT-AID arm, with 90% power, alpha of 0.05
and drop-out rate of 10%, a total of 150 patients would be
required for the desired outcome. However, due to slow recruitment because of the COVID-19 pandemic, the trial stopped
recruiting patients in December 2021.
Sample size calculation for maintenance phase was not done
as no study exists on the role of diet in the maintenance of FMT-
induced clinical response. We also expected different numbers
at the end of induction phase in both arms, which precluded us
from sample size calculation.
The continuous variables were expressed as mean±SD or
median (IQR) depending on normal or non-normal distribution,
and categorical variables were expressed as percentages. Continuous variables were compared with Student’s t-test or Mann
Whitney U test, and categorical variables were compared with
χ2 test or Fisher’s exact test (for values<5). Pairwise comparison between baseline and week 8 continuous variables was done
with Wilcoxon rank-sum test, and for categorical variables with
McNemar’s test. A p value<0.05 was considered as statistically
significant. All statistical analysis was performed with SPSS
statistical software (V.28).
A modified intention-to-treat analysis (mITT) was performed,
and patients who received even a single session of FMT in the
intervention arm, or treatment optimisation in the control arm,
were included. Patients who withdrew from the trial before 8
weeks due to treatment failure were considered as clinical as
well as endoscopic non-responders. Of patients with treatment
failures in the FMT-
AID arm, six discontinued FMT before
seven sessions at a median of three (two to four) sessions (online
supplemental table 4). For patients whose endoscopy at 8 weeks
could not be done during the lockdown, the following protocol
was followed: Patients without any further endoscopy (either in
the FMT arm or the SMT arm) were excluded from analysis of
endoscopic and composite outcomes. For patients in the FMT
arm, whose FMT sessions were withheld before seven sessions
before the lockdown, the last endoscopic score was carried
forwards at 8 weeks (online supplemental table 4).

Donor microbiome and metabolite analysis

The details on donor microbiome and metabolite analysis have
been mentioned in online supplemental methods.

Patient and public involvement statement

Patient and public involvement was not included in the design
and conduct of the research.

RESULTS

A total of 113 patients were screened for eligibility, of which 40
were excluded due to various reasons (figure 3), and 73 were
Kedia S, et al. Gut 2022;71:2401–2413. doi:10.1136/gutjnl-2022-327811
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is mostly derived from preclinical models or epidemiological
studies. Patients were prescribed a diet chart accordingly (online
supplemental table 3b) and were counselled to adhere to the diet
protocol. Regular telephonic interviews were conducted by an
IBD dietitian (MF) to ensure compliance to diet. Dietary adherence was assessed as per the flow given in the online supplemental methods.
In addition to FMT and diet, patients were continued on their
baseline medications. Those on steroids received a steroid taper
of 5 mg every 2 weeks.

Inflammatory bowel disease

randomised (40 in the FMT-AID arm and 33 in the SMT arm).
After randomisation, 5 patients in the FMT-
AID arm and 2
patients in the SMT arm withdrew consent and were excluded;
finally, 35 and 31 patients were considered for mITT analysis,
respectively.

Baseline clinical, demographic, laboratory and endoscopic
characteristics

The mean age of the entire cohort was 35.7±11.1 years, 60.1%
patients were male, median disease duration was 48 (IQR 24–84)
months and 34.8% patients had pancolitis. The median SCCAI
and UCEIS at enrolment were 6 (IQR 5–7) and 4 (IQR 3–5),
respectively.
Baseline characteristics were comparable between the FMT-
AID and SMT arms (table 2). The use of concomitant and
previous medications was also similar (table 2). Only 3 (8.6%)
Kedia S, et al. Gut 2022;71:2401–2413. doi:10.1136/gutjnl-2022-327811

and 2 (6.5%) patients in the FMT-AID and SMT arms were on
oral steroids at enrolment, respectively (table 2). Five patients
in each group were steroid naïve. For patients in the SMT
group, the treatment was optimised as follows: topical steroid
was added in 4 patients, topical 5-ASA with topical steroid was
added in one patient, and dose of topical steroid was increased
in 26 patients.
Patients continued on their baseline medications until 8 and
48 weeks, no patient required oral steroids, and there was no
change in medication intake until last follow-up (online supplemental table 5).

Donor selection

Thirty-
six potential rural donors were screened with donor
personal interview and health questionnaires. Subsequently,
20 donors passed the questionnaire, of which 13 were finally
2405
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Figure 3 CONSORT (Consolidated Standards of Reporting Trials) chart of the study. FMT, faecal microbiota transplantation; FMT-AID, faecal
microbiota transplantation with anti-inflammatory diet; FU, follow-up; SMT, standard medical therapy.

Inflammatory bowel disease
Table 2 Comparison of baseline clinical, demographic, endoscopic and laboratory characteristics between patients who received FMT-AID versus
those who received optimised SMT
SMT (n=31)

P value

33.9±11.3

37.8±10.7

0.15

Gender (male), n (%)

20 (57.1)

20 (64.5)

0.54

Disease duration (months), median (IQR)

48 (24–96)

36 (30–84)

0.67

Extent (pancolitis), n (%)

13 (37.1)

10 (32.3)

0.68

21 (60)
14 (40)

23 (74.2)
8 (25.8)

0.22

35 (100)
32 (91.4)
3 (8.6)
26 (74.3)
13 (37.1)
1 (2.9)
21 (60)

31 (100)
30 (96.8)
2 (6.5)
25 (80.6)
9 (29)
1 (3.2)
13 (41.9)

0.69
1
0.54
0.48
1
0.14

 Never
 Steroid within first year
 Steroid <2/year
 Steroid dependent
 Past acute severe ulcerative colitis

5 (14.3)
20 (57.1)
17 (48.6)
13 (37.1)
5 (14.3)

5 (16.1)
17 (54.8)
18 (58.1)
8 (25.8)
6 (19.4)

1
0.85
0.44
0.32
0.58

Median (IQR) SCCAI

6 (5–7)

6 (5–7)

0.37

Median (IQR) UCEIS

4 (3–4)

3 (3–5)

0.79

Haemoglobin (gm/dL), median (IQR)

11.8 (10–12.8)

11.7 (9.5–14.2)

0.64

Platelet count (109/L), median (IQR)

290 (206–360)

271 (228–327)

0.67

Disease severity, n (%)
 Mild
 Moderate
Concomitant treatment, n (%)
 5-ASA oral
 5-ASA topical
 Steroid oral
 Topical steroid
 Azathioprine
 Previous biologic
 Past immunomodulator
Past steroid use, n (%)

Albumin (gm/dL), median (IQR)

4.4 (4–4.6)

4.5 (4.4–5)

0.01

C-reactive protein (mg/L), median (IQR)

3.3 (1.1–8.2)

1.03 (0.4–4.8)

0.1

Faecal calprotectin, µg/g

385.2 (292–514)

424.6 (237–551)

0.99

Mild disease: SCCAI 3–6, moderate: SCCAI 7–9.
5-ASA, 5-aminosalicylic acid; FMT-AID, faecal microbiota transplantation and anti-inflammatory diet; SCCAI, Simple Clinical Colitis Activity Index; SMT, standard medical therapy;
UCEIS, Ulcerative Colitis Endoscopic Index of Severity.

selected (online supplemental figure 1). No donor carried AMR
gene in the stool sample (online supplemental figure 2). The
stool from these donors were pooled for preparation of faecal
infusate, and the number of donors pooled varied from 2 to 5
(online supplemental table 6).

Baseline, 8 weeks and 48 weeks dietary intake

The dietary intake at baseline in terms of macronutrients,
different food groups and micronutrients was comparable
(table 3), except for significantly lower intake of wheat, insoluble fibre and thiamine in the FMT-AID group. At 8 weeks,
the FMT-AID group had a significantly higher intake of curd,
AhR ligand-rich foods, fermented foods and ascorbic acid, and
a significantly lower intake of energy, total fat, milk and milk
products, processed foods, thiamine, pantothenic acid, biotin,
iron and sulphated amino acids than the SMT group (table 3).
However, when compared with baseline, at 8 weeks, there was
a significant decline only in the intake of total fat, wheat, milk
and milk products, processed foods, sulphated amino acids, and
an increase in intake of ascorbic acid, curd and total polyphenols (online supplemental table 7). The intake of other vitamins
and minerals was comparable. The intake of total fibre was less
in the FMT-AID group than the SMT group at baseline and 8
weeks, although the difference was not statistically significant
(table 3), while that between baseline and 8 weeks in both
groups was similar (online supplemental table 7). The soluble
fibre intake was similar between the two groups at baseline and
2406

8 weeks (table 3), and between baseline and 8 weeks in both
groups (online supplemental table 7). However, the ratio of
soluble fibre to energy intake was significantly high in the FMT-
AID group at 8 weeks, in comparison with both baseline intake
and SMT group at 8 weeks (p<0.001 for both). At 48 weeks,
the dietary differences between FMT-AID and SMT arms and
between FMT-AID arm at baseline and 48 weeks was similar to
that observed at 8 weeks, except for minor differences (online
supplemental table 8).
The intakes of energy, protein, fat and micronutrients with
respect to recommended daily allowance has been mentioned in
the online supplemental table 9.

Adherence to diet at 8 and 48 weeks
Qualitative adherence
At 8 weeks, 84.6% patients were highly adherent, and 15.4%
patients were moderately adherent. At 48 weeks, 66.7% patients
were highly adherent, and 33.4% patients were moderately
adherent.

Quantitative adherence
The adherence to individual food groups at 8 and 48 weeks
is mentioned in the online supplemental table 10. At 8 weeks,
65.4% patients were highly adherent, and 34.6% patients were
moderately adherent. At 48 weeks, 64.2% patients were highly
adherent, and 35.8% patients were moderately adherent. No
Kedia S, et al. Gut 2022;71:2401–2413. doi:10.1136/gutjnl-2022-327811

Gut: first published as 10.1136/gutjnl-2022-327811 on 16 August 2022. Downloaded from http://gut.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

FMT-AID (n=35)
Age (years), mean±SD

Inflammatory bowel disease
Table 3

Comparison of dietary intake at baseline and 8 weeks between patients who received FMT-AID versus those who received optimised SMT
SMT (n=31)

8 weeks
FMT-AID (n=35)

P value

SMT (n=19)

FMT-AID (n=26)

P value

Food groups
 Wheat (g)

225 (25–420)

140 (0–750)

0.01

205 (26–350)

0 (0–218)

<0.001

 Milk and milk products* (g)

358 (0–1250)

210 (0–750)

0.21

133 (0–601)

0 (0–43)

<0.001

 Curd (g)

22 (0–650)

64 (0–500)

0.91

80 (0–750)

233 (0–604)

0.01

 Total non-veg foods (g)

0 (0–180)

0 (0–120)

0.3

0 (0–76)

0 (0–61)

0.71

 Processed foods (g)

56 (1–517)

44 (0–559)

0.72

24 (0–155)

0 (0–33)

<0.001

 Total fibre (g)

39.8 (14–86)

30.8 (7.6–112)

0.052

39.3 (18–69)

30.8 (13–60)

0.15

 Insoluble fibre (g)

32.8 (10–73)

23.7 (5.4–91.7)

0.04

31.8 (13–57)

22.4 (10–47)

0.06

 Soluble fibre (g)

7.9 (4–13)

6.6 (2–20)

0.47

7.9 (4–13)

8.3 (3–22)

0.37

0.25

 Soluble fibre to energy ratio

0.0042 (0–0.01)

0.0036 (0–0.01)

0.004 (0–0.01)

0.005 (0–0.01)

<0.001

 AhR ligand foods (g)

–

–

29 (0–161)

141 (25–627)

<0.001

 Fermented foods (g)

–

–

0 (0–5)

3 (0–135)

<0.001

Macronutrients
 Energy (kcal)

1909 (1370–3290)

1813 (651–4429)

0.77

1871 (1290–2553)

1520 (675–2723)

0.03

 Protein (g)

60 (30–99)

52 (24–137)

0.44

51 (34–77)

43.5 (18–83)

0.06

 Carbohydrate (g)

288 (155–555)

258 (78–881)

0.35

256 (163–365)

238 (76–499)

0.74

 Total fat (g)

52 (9–121)

56 (10–156)

0.68

56 (32–123)

40 (6–78)

<0.001

Micronutrients
 Thiamine (mg)

1.5 (0.4–3.2)

1.1 (0.3–4)

0.01

1.5 (0.7–2.2)

1 (0–2)

<0.001

 Riboflavin (mg)

0.9 (0.3–2.2)

0.7 (0.2–1.6)

0.22

0.9 (0.3–2.3)

1 (0–2)

0.47

 Niacin (mg)

9 (4.4–19.8)

7.9 (1.6–28.7)

0.11

8.8 (4.3–13.9)

7 (3–15)

0.10

 Pantothenic acid (mg)

4.4 (2.5–7.8)

3.9 (1.6–11.1)

0.49

4.7 (2.4–7.1)

3.5 (2–7)

0.02

 Biotin (µg)

9.6 (3.9–53.4)

9.9 (2.4–42.5)

0.9

13.4 (3.5–27.1)

10 (3–26)

0.04

 Ascorbic acid (mg)

42 (4–121)

44 (5–299)

0.31

57 (6–205)

85 (38–220)

0.02

 Retinol (µg)

190 (15–766)

214 (2–2420)

0.76

215 (67–701)

240 (46–806)

0.72

 Calcium (mg)

663 (113–1847)

440 (74–1436)

0.17

587 (224–1896)

479 (131–1288)

0.41

 Iron (mg)

14 (7–31)

11 (4–39)

0.11

16 (7–25)

10 (3–23)

0.01

 Omega 6 fatty acid (mg)

6089 (3028–22769)

6281 (686–17914)

0.23

8497 (3386–23456)

6962 (1569–17174)

0.30

 Omega 3 fatty acid (mg)

2351 (255–4949)

2323 (186–11889)

0.80

2703 (715–5045)

2463 (338–4053)

0.26

 Total polyphenols (mg)

129 (31–272)

121 (43–828)

0.55

169 (60–478)

228 (56–458)

0.07

 Sulfated amino acids (µg)

1882 (867–6467)

1555 (656–5376)

0.39

1759 (843–4237)

1385 (457–2998)

0.03

 
 
The values in bracket represent range
*Except curd.
AhR, aryl hydrocarbon receptor; FMT-AID, faecal microbiota transplantation and anti-inflammatory diet; SMT, standard medical therapy.

patient was poorly adherent or non-adherent throughout the
study duration. The average high (>80%) adherence to prohibited food groups at 8 and 48 weeks was 92.3% and 71.4%,
respectively.

Efficacy outcomes 8, 24 and 48 weeks (mITT analysis)

All patients were assessed for clinical outcomes at 8 weeks.
Thirty-three and twenty-three patients in the FMT-AID and SMT
arms were assessed for endoscopic and composite outcomes,
respectively, as 2 and 8 patients in the FMT-AID and SMT arms
did not have repeat endoscopy due to the COVID-19 pandemic
(online supplemental table 4).

Outcomes at 8 weeks
Clinical outcomes

Both clinical response (23/35 (65.7%) vs 11/31 (35.5%),
p=0.01, OR 3.5 (95% CI 1.3 to 9.6)) and clinical remission
(21/35 (60%) vs 10/31 (32.3%), p=0.02, OR 3.2 (95% CI 1.1
to 8.7)) were significantly high in the FMT-AID arm than the
SMT arm (figure 4 and table 4).
Kedia S, et al. Gut 2022;71:2401–2413. doi:10.1136/gutjnl-2022-327811

Endoscopic outcomes

The endoscopic response was significantly higher in the FMT-
AID arm (17/33 (51.5%) vs 4/23 (17.4%), p=0.012, OR 5.0
(95% CI 1.4 to 18.1)). Although endoscopic remission was also
higher, difference was not statistically significant (12/33 (36.4%)
vs 4/23 (17.4%), p=0.15, OR 2.7 (95% CI 0.7 to 9.8)).

Composite outcomes

Deep remission (12/33 (36.4%) vs 2/23 (8.7%), p=0.03, OR 6.0
(95% CI 1.2 to 30.2)) (figure 4) and a combination of clinical
remission and endoscopic response were also significantly high
in the FMT-AID arm (17/33 (51.5%) vs 2/23 (8.7%), p=0.001,
OR 11.1 (95%CI 2.2 to 55.4)).

Biomarker outcomes

Twenty and ten patients in the FMT-
AID and SMT arms,
respectively, had paired FCP samples at baseline and 8 weeks.
Although the median FCP at 8 weeks was comparable, the delta
FCP (change from baseline to week 8 FCP) and proportion of
patients with FCP <50 μg/g was higher in the FMT-AID arm,
2407
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Baseline
Variables (Median (range))

Inflammatory bowel disease

although the difference was not statistically significant (table 4).
Because of dropouts due to the COVID-
19 pandemic, more
patients with FCP results available in the SMT arm had a clinical
response than the entire cohort (6/10 (60%) vs 11/31 (35.5%)).

Outcomes at 24 and 48 weeks
Clinical outcomes

Twenty-three clinical responders in the FMT-AID arm and 11
in the SMT arm entered the maintenance phase. Of 23 patients
in the FMT-AID arm, 17 and 15 patients completed 24 and 48
weeks follow-up (FU), respectively, of which 16 and 15 patients
were in clinical response/remission. Hence, overall clinical remission/response at 24 and 48 weeks was 51.6% (16/31) and 50%
(15/30), respectively (4 and 5 patients, respectively, are ongoing,
have not completed 24 and 48 weeks FU).
In the SMT arm, all 11 patients completed 24 and 48 weeks
FU. Overall clinical remission and response rate at 24 and 48
weeks was 32.3% (10/31).
Table 4

Although the clinical response and remission at 24 and 48
weeks were higher in the FMT-AID arm, the difference was
not statistically significant (figure 5 and table 5). Overall, three
and one patients in the FMT-AID and SMT arm relapsed by 48
weeks, respectively.

Endoscopic outcomes
Endoscopic outcomes at 48 weeks could be assessed for 24
patients in the FMT-AID arm and 27 patients in the SMT arm
(online supplemental table 4). Six patients were in endoscopic
remission at 48 weeks in the FMT-AID arm, and none in the
SMT arm (6/24 (25%) vs 0/27, p=0.007). Of the 12 patients in
endoscopic remission at 8 weeks, outcomes were available for 7
patients at 48 weeks, of which 4 maintained endoscopic remission (55.5%). Although endoscopic response was also higher in
the FMT-AID arm, the difference was not statistically significant
(6/24 (25%) vs 3/27 (11.1%), p=0.28).

Comparison of 8 weeks’ outcomes between patients who received FMT-AID versus those who received optimised SMT
FMT-AID (n=35)

SMT (n=31)

P value

OR (95% CI)

Clinical
 Clinical response at 8 weeks

23 (65.7)

11 (35.5)

0.014

3.5 (1.3 to 9.6)

 Clinical remission 8 weeks

21 (60)

10 (32.3)

0.02

3.2 (1.1 to 8.7)

Endoscopic
 Endoscopic response 8 weeks

17/33 (51.5)

4/23 (17.4)

0.012

5.0 (1.4 to 18.1)

 Endoscopic remission 8 weeks

12/33 (36.4)

4/23 (17.4)

0.15

2.7 (0.7 to 9.8)

Composite
 Deep remission 8 weeks

12/33 (36.4)

2/23 (8.7)

0.03

6.0 (1.2 to 30.2)

 Clinical remission and endoscopic response 8 weeks

17/33 (51.5)

2/23 (8.7)

0.001

11.1 (2.2 to 55.4)

 Faecal calprotectin, µg/g, median (IQR) at 8 weeks

25.7 (22–45)

30.1 (16–256)

0.95

 Delta FCP, µg/g, median (IQR) at 8 weeks

274.7 (181–435)

173.4 (97–384)

0.16

 FCP <50 µg/g at 8 weeks, n (%)

17/20 (85%)

6/10 (60%)

0.13

Biomarker

3.8 (0.6 to 22.0)

Numbers in bracket indicate percentage.
FMT-AID, faecal microbiota transplantation and anti-inflammatory diet; SMT, standard medical therapy.
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Figure 4 Comparison of primary outcomes at 8 and 48 weeks between patients who received faecal microbiota transplantation and anti-
inflammatory diet (FMT-AID) versus those who received optimised standard medical therapy (SMT).

Inflammatory bowel disease

Composite outcomes

The result for deep remission at 48 weeks was similar to endoscopic outcome and was significantly higher in the FMT-AID
arm (6/24 (25%) vs 0/27, p=0.007).
Steroid-free clinical remission and response at 48 weeks were
similar to clinical remission and response, as only five patients
were on steroids at enrolment and all could taper steroids before
8 weeks. No patient who had remission or response at 48 weeks
required steroids.
On sensitivity analysis (by considering patients with incomplete FMT sessions (due to pandemic) as treatment failures or
excluding them) of endoscopic and composite outcomes at 8
and 48 weeks, the trend and statistical significance of results was
similar to outcomes presented above. However, the proportion
of patients with FCP <50 μg/g at 8 weeks became significantly

Table 5

AID arm on sensitivity analysis (online
higher in the FMT-
supplemental table 11).

Adverse events
The overall adverse events at 8 weeks were similar between
FMT-AID and SMT arms (26 (74.3%) vs 27 (87.1%), p=0.19)
(table 6). All adverse events were grade 1 or 2 according to
CTCAE. Common adverse events were mild pain abdomen,
bloating/flatulence, diarrhoea and worsening of disease activity.
No patient had any serious adverse event including hospitalisation or death. Beyond 8 weeks, no new safety signals were
reported and no serious adverse event was observed in patients
who continued follow-up until 48 weeks.

Comparison of 24 and 48 weeks’ outcomes between patients who received FMT-AID versus those who received optimised SMT
FMT-AID

SMT

P value

OR (95% CI)

 Clinical response at 24 weeks

16/31 (51.6)

10/31 (32.3)

0.12

2.2 (0.8 to 6.3)

 Clinical remission at 24 weeks

16/31 (51.6)

10/31 (32.3)

0.12

2.2 (0.8 to 6.3)

 Clinical response at 48 weeks

15/30 (50)

10/31 (32.3)

0.16

2.1 (0.7 to 5.9)

 Clinical remission at 48 weeks

15/30 (50)

10/31 (32.3)

0.16

2.1 (0.7 to 5.9)

 Endoscopic response at 48 weeks

6/24 (25)

3/27 (11.1)

0.28

2.4 (0.5 to 10.8)

 Endoscopic remission at 48 weeks

6/24 (25)

0/27

0.007

–

6/24 (25)

0/27

0.007

–

Clinical

Endoscopic

Composite
 Deep remission at 48 weeks

Numbers in bracket indicate percentage.
FMT-AID, faecal microbiota transplantation and anti-inflammatory diet; SMT, standard medical therapy.
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Figure 5 Comparison of secondary outcomes at 8 and 48 weeks between patients who received faecal microbiota transplantation and anti-
inflammatory diet (FMT-AID) versus those who received optimised standard medical therapy (SMT).

Inflammatory bowel disease
Table 6 Comparison of adverse events at 8 weeks between patients
who received FMT-AID versus those who received optimised SMT
SMT (n=31)

P value

11 (31.4)

17 (54.8)

0.06

Bloating/flatulence

17 (48.6)

12 (38.7)

0.42

4 (11.4)

4 (12.9)

0.86

13 (37.1)

11 (35.5)

0.89

1 (2.9)

3 (9.7)

0.25

10 (28.6)

14 (45.2)

0.16

Nausea/vomiting
Diarrhoea
Fever
Worsening of disease activity
Hospitalisation

0

0

–

Death

0

0

–

Any adverse events

26 (74.3)

27 (87.1)

0.19

Serious adverse events

0

0

–

Serious infection

0

0

–

Numbers in bracket indicate percentage.
FMT-AID, faecal microbiota transplantation and anti-inflammatory diet; SMT,
standard medical therapy.

Predictors of response to FMT

More patients who had clinical remission in the FMT-
AID
arm had mild disease severity (16/21 (76.2%) vs 5/14 (35.7%),
p=0.02, OR 5.7 (95% CI 1.3 to 25.4)) and left-sided colitis
(15/21 (71.4%) vs 7/14 (50%), p=0.19, OR 2.5 (95% CI
0.6–10.3)). Median FCP (309 (281– 476) vs 479.6 (336.9–
538.7) μg/g, p=0.15, OR 0.99 (95% CI 0.99 to 1.0)) and past
immunomodulator use (47.6% vs 78.6%, p=0.07, OR 0.25
(95% CI 0.059to 1.2)) was also lower in patients with clinical
remission, although the difference was not statistically significant. All patients who were steroid naïve had clinical remission.
There was no difference in other parameters (table 7), and baseline or 8 weeks dietary intake (online supplemental table 12).
Because we used multiple donors per pool for FMT, the donor
effect could not be precisely evaluated. However, with a 2×2

Table 7

Donor microbiome analysis

The β diversity index on permutational multivariate analysis
of variance (PERMANOVA) test was significantly different
between the donors associated with better response than other
donors (online supplemental figure 3). Analysis of differentially
abundant bacteria revealed significant enhancement of beneficial bacterial members such as Eubacterium rectale, Dorea, Roseburia, Faecalibacterium prausnitzii, Blautia, Bifidobacterium,
etc, in donors associated with significantly better response, while
other donors had an enhanced abundance of pathobionts such
as Enterococcus, Haemophilus parainfluenzae, Acinetobacter,
Pseudomonas, Veillonella, etc (online supplemental figure 4).
The principal component analysis biplot strengthened the positive co-occurrence patterns between the beneficial bacteria listed
above with the beneficial donors and their faecal butyrate levels
(online supplemental figure 5).

DISCUSSION

FMT from rural donors with an anti-inflammatory diet was more
effective than the optimised SMT in inducing clinical and deep
remission in patients with mild-moderate UC. Deep remission
at 48 weeks was also significantly better in the FMT-AID arm,
suggesting that anti-inflammatory diet could sustain the FMT-
AID-induced endoscopic and clinical remission. FMT was safe
and no serious adverse events were reported. The minor adverse
events were similar to that reported by other RCTs.13 30–33
The major strength of our study was a unique protocol
combining two microbiome manipulation strategies: FMT and
diet. While both were used for induction of remission, the effect
was maintained only with diet, which adds novelty to the study
design. Moreover, it also makes the approach more acceptable

Clinical predictors of induction remission to faecal microbiota transplantation and anti-inflammatory diet at 8 weeks
No remission (n=14)

Remission (n=21)

P value

OR with 95% CI

Age (years), median (IQR)

33.5 (25–50)

30 (24.5–39)

0.38

0.97 (0.9 to 1.04)

Gender (male), n (%)

8 (57.1)

12 (57.1)

1

1 (0.26 to 3.9)

Disease duration (months), median (IQR)

48 (36–99)

36 (17–90)

0.34

0.99 (0.99 to 1.0)

Extent (left-sided colitis), n (%)

7 (50)

15 (71.4)

0.19

2.5 (0.6 to 10.3)

 Mild
 Moderate

5 (35.7)
9 (64.3)

16 (76.2)
5 (23.8)

0.02

5.7 (1.3 to 25.4)

Past immunomodulator, n (%)

11 (78.6)

10 (47.6)

0.07

0.25 (0.05 to 1.2)

 Never
 First year
 Steroid dependent
 ASUC

0
10 (71.4)
5 (35.7)
2 (14.3)

5 (23.8)
10 (47.6)
8 (38.1)
3 (14.3)

0.05
0.16
0.89
1

0.36 (0.09 to 1.6)
1.11 (0.3 to 4.5)
1 (0.1 to 6.9)

Median (IQR) SCCAI

7 (6–7)

6 (4–6.5)

0.02

1.8 (1.04 to 3.2)

Median (IQR) UCEIS

4 (3–5)

4 (3–4)

0.63

0.96 (0.5 to 1.7)

Haemoglobin (gm/dL), median (IQR)

11.6 (9.8–12.7)

11.8 (10.3–13.1)

0.86

0.97 (0.7 to 1.3)

Platelet count (109/L), median (IQR)

296 (219–337)

280 (200–370)

0.93

1.0 (0.99 to 1.0)

Albumin (gm/dL), median (IQR)

4.4 (4–4.6)

4.4 (4–4.6)

0.73

0.98 (0.2 to 5.5)

C-reactive protein (mg/L), median (IQR)

3.7 (1.4–5.2)

3.04 (0.5–12.7)

0.88

1.01 (0.9 to 1.1)

Faecal calprotectin, µg/g, median (IQR)

n=13, 479.6 (336.9–538.7)

n=19, 309 (281– 476)

0.15

0.99 (0.99 to 1.0)

Disease severity, n (%)

Past steroid use, n (%)

Mild disease: SCCAI 3–6, moderate: SCCAI 7–9.
5-ASA, 5-aminosalicylic acid; ASUC, acute severe ulcerative colitis; FMT-AID, faecal microbiota transplantation and anti-inflammatory diet; SCCAI, Simple Clinical Colitis Activity
Index; SMT, standard medical therapy; UCEIS, Ulcerative Colitis Endoscopic Index of Severity.
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FMT-AID (n=35)
Pain abdomen

contingency table approach, donors 3, 10, 11 and 13 were associated with significantly better response (online supplemental
table 13).

Inflammatory bowel disease
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and prohibited food items and nutrients (milk, processed foods,
wheat, total fat and sulfated amino acids). The intake of soluble
fibre was comparable both at baseline and 8 weeks, possibly
due to the high fibre content of regular Indian diet,38 39 and the
non-vegetarian food intake was also minimal in both groups
because of the mixed diet pattern of most patients. The anti-
inflammatory diet tried to promote the soluble fibre intake, as
evidenced by higher ratio of soluble fibre to total energy intake
in the FMT-AID arm. The intake of soluble fibre was promoted
to increase short chain fatty acids which are fuel for the intestinal epithelial cells, enhance the gut barrier and modulate the
gut immunological environment,24 while the food texture was
softened to limit insoluble fibre. In addition to increasing fibre
intake, we also restricted proinflammatory diet such as dairy,
gluten, red meat and processed food, and increased intake of
fermented foods and AhR ligand-rich foods which could also
have led to clinical benefit.
Although the intake of some macro (fat and protein) and
micronutrients was less in the FMT-AID arm than the SMT arm
at 8 weeks, the average energy and protein intake was more than
80% of recommended daily allowance (online supplemental
table 9). Further, when compared with baseline, although the
total fat intake in the FMT-AID arm was less at 8 weeks, which
could have accounted for reduction in total calories, the intake
of other macronutrients and micronutrients (except ascorbic
acid which was higher) was similar to baseline (online supplemental table 7). Like our study, a recent study on UC exclusion
diet in children with active UC also showed reduction in total
energy and fat intake at 8 weeks.40 The patients in our study did
well and there was no evidence of malnutrition in any patient.
Disease severity was a significant predictor of response to FMT.
Other statistically non-
significant factors predicting response
were low baseline FCP, disease extent (left-sided colitis) and past
immunomodulator use (lesser in responders). Interestingly, all
steroid naïve patients responded to FMT. Similar findings were
corroborated in two recent studies from India,37 41 while results
on predictors in other RCTs have been heterogeneous. Similar
to the study by Costello et al, we also could not find any association between baseline diet and response to FMT.30 We used
rural donors for FMT based on our previous observation that
rural healthy donors have a better gut microbiome signature.
However, we could not demonstrate the superiority of rural
donors in this study due to lack of a control arm with different
types of donors. Further, because of donor pooling, we could not
precisely evaluate the donor effect, although few donors demonstrated superiority over others.
The study also has some limitations. We did not include a
placebo and it was an open-labelled trial which could influence
clinical outcomes. However, the endoscopic videos were scored
by an independent investigator blinded to the study assignment.
We could not achieve the desired sample size due to suspended
recruitment during COVID-
19-
related restrictions. However,
even with the limited numbers our primary outcomes were met,
and we could demonstrate definite superiority of FMT and diet
over optimised SMT. Although we demonstrated clinical and
endoscopic response at 8 weeks, the FCP-based response was
not significant. This discrepancy arose due to limited number of
faecal samples available for FCP analysis at 8 weeks. However,
even with these numbers the delta FCP and proportion of patients
with FCP <50 μg/g was higher in the FMT-AID arm, although
the difference was not statistically significant (table 4). Further
on sensitivity analysis, the FCP response became significantly
higher in the FMT-AID arm. Similar to FCP, the COVID-19
pandemic also restricted the endoscopy at 8 weeks. However,
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and practical for patients as they can practise the modified diet
at home and avoid hospital visits for repeat FMTs. The adherence to modified diet was maintained until 48 weeks, suggesting
the acceptability of this approach to patients. This is the first
induction RCT on FMT from Asia, which represents an ethnically different population, and where the disease burden of
IBD is rising.4 5 Moreover, the study also provides a low cost,
safe alternative for IBD physicians in resource-limited settings.
Although FMT was more efficacious in steroid naïve patients
with relatively mild disease severity, patients with steroid-
dependent disease and immunomodulator experienced patients
also responded.
There are certain other novel findings. The study design was
different from previous RCTs, as the comparator arm here was
optimisation of medical therapy, rather than a true placebo,
while, except for one, previous RCTs have either included
placebo or autologous FMT as a comparator arm.13 30–34 This
accounted for relatively higher clinical/endoscopic remission and
response rates in the comparator arm compared with previous
RCTs (which reported positive results with FMT). These results
are in contrast to a recent three-arm RCT which compared FMT,
FMT and diet, and diet alone in patients with mild-moderate
refractory UC (CRAFT-UC trial).13 Patients who received only
diet had the best outcomes as compared with FMT arms, which
reported outcomes equivalent to placebo arms of successful
RCTs. Possible reasons for discrepancy between ours and the
CRAFT-UC trial could be due to differences in patient population and FMT protocol. Only two patients in our study had
received biologics, and only 7.5% patients were on steroids at
enrolment, in contrast to the CRAFT-UC study, where about
30% patients were on steroids, 35% patients were on biologics
and 55% patients were refractory to biologics, indicating a more
aggressive and refractory patient population. Regarding FMT
protocol, we used multiple donors and seven FMT sessions over
6 weeks, while in the CRAFT-UC study, single donor with three
FMT sessions (one colonoscopic, and two 100 mL enemas on
days 0, 2 and 14) were used, indicating a relatively more intense
FMT protocol spread over a longer duration in our study. The
recently published LOTUS trial was also terminated prematurely
due to the COVID-19 pandemic, and it reported results similar
to our study.33
In the present study, 15 out of 18 responders at 8 weeks
maintained clinical remission and response until 48 weeks,
and 6 were in deep remission. The maintenance response rate
in the present study is quite high as compared with the non-
FMT maintenance arm of the LOTUS trial, possibly due to the
effect of modified diet. Similarly, in the other induction RCTs,
patients who sustained remission for or beyond 12 months either
resumed FMT or modified their diet.33 35 In a maintenance RCT
of FMT versus placebo, although eight weekly FMT led to
better steroid-free clinical remission (statistically insignificant),
endoscopic and histological remission than placebo, two-thirds
of patients in the placebo arm also maintained clinical remission until 48 weeks, against other studies in which no maintenance microbial manipulation was practised.36 However, in this
study, induction duration was prolonged until 22 weeks, which
could have accounted for this discrepant effect. In another case
series from India, majority of responders relapsed at a median
of 14.8 months after induction FMT, and the relapse duration
was shorter in patients who did not receive maintenance FMT.37
The dietary intake at baseline was comparable between the
two groups, while at 8 weeks, in the FMT-AID group, diet was
significantly different from baseline in terms of recommended
(curd, AhR ligand-rich foods, fermented foods and polyphenols)

Inflammatory bowel disease
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donor protocol. Although we combined diet with FMT, absence
of FMT alone and diet alone arms precluded us to evaluate
the individual effect of diet or FMT on microbiome or disease
activity. Although we demonstrated a beneficial role of anti-
inflammatory diet, there is heterogeneity with respect to dietary
inflammatory
constituents and their proinflammatory or anti-
effects, which requires further work. A typical example would be
exclusive enteral nutrition which has demonstrated the best efficacy in IBD, yet is devoid of fibre and contains additives, adding
to the uncertainty for the role of specific dietary components
in IBD activity.42 Although on quantitative analysis high dietary
adherence was present in 65% patients, as per qualitative analysis, 84.6% and 66.7% patients were highly adherent at 8 and
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than 90% and 70% for excluded food items, and the intake of
recommended food items (AhR ligand-rich food and curd) was
significantly higher at 8 and 48 weeks. Adherence rates in our
study match the CRAFT-UC trial13 and a recent RCT comparing
Mediterranean diet with specific carbohydrate diet in CD.43
Hence, we believe that the adherence rates in our study were
reasonable and in agreement with published literature. Moreover, we have used two methods to assess adherence, which adds
strength to the study.
To conclude, a combination of FMT and anti-inflammatory
diet was effective in inducing clinical and endoscopic remission
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Editor’s quiz: GI snapshot

‘Fish-eye’ polypectomy defect: a
new sign during endoscopic
mucosal resection?
INTRODUCTION

A 75-year-old man was referred for the endoscopic management
of an 80 mm large non-pedunculated colorectal polyp (LNPCP)
in the sigmoid colon.
The lesion was evaluated under white-light (figure 1A), narrow-
band imaging and near-
focus. Granular nodular-
mixed type
Figure 2

Endoscopic resection specimen histopathology.

morphology was identified with a homogeneous surface pattern
(Kudo IV, Japan NBI Expert Team IIA) consistent with benign
adenomatous histopathology.
Piecemeal endoscopic mucosal resection was performed
(figure 1A,B). After successful resection of the first specimen, defect
evaluation revealed a hole within a white cautery ring, most consistent with a perforation without contamination (sydney deep mural
injury (DMI) classification type IV1; figure 1D). A viscous amorphous substance was also identified emanating from the defect,
producing a ‘fish-eye’ appearance (see arrow figure 1C). Successful
defect closure was achieved with four through-the-scope mechanical clips. Histopathology of the resection specimen was evaluated
(figure 2).

QUESTION

What is the predicted histopathology of this lesion?
Figure 1 80mm large non-pedunculated colorectal polyp (LNPCP) in
the sigmoid colon.
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