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Summary

Background Obesity drives metabolic disease development. Preventing weight gain during early adulthood could
mitigate later-life chronic disease risk. Increased dietary fibre intake, leading to enhanced colonic microbial
fermentation and short-chain fatty acid (SCFA) production, is associated with lower body weight. Despite national
food policy recommendations to consume 30 g of dietary fibre daily, only 9% of adults achieve this target. Inulin-
propionate ester (IPE) selectively increases the production of the SCFA propionate in the colon. In previous
studies, IPE has prevented weight gain in middle-aged adults over 6 months, compared with the inulin control.
IPE is a novel food ingredient that can be added to various commonly consumed foods with a potential health
benefit. This 12-month study aimed to determine whether using IPE to increase colonic propionate prevents
further weight gain in overweight younger adults.

Methods This multi-centre randomised-controlled, double-blind trial was conducted in London and Glasgow, UK.
Recruited participants were individuals at risk of weight gain, aged between 20 and 40 years and had an
overweight body mass index. Sealed Envelope Software was used to randomise participants to consume 10 g of
IPE or inulin (control), once per day for 12 months. The primary outcome was the weight gained from baseline to
12 months, analysed by an ‘Intention to Treat’ strategy. The safety profile and tolerability of IPE were monitored
through adverse events and compliance. This study is registered with the International Standard Randomised
Controlled Trials (ISRCT) Database (ISRCT number: 16299902).

Findings Participants (n = 135 per study arm) were recruited from July 2019 to October 2021. At 12 months, there was
no significant difference in baseline-adjusted mean weight gain for IPE compared with control (1.02 kg, 95%
CI: -0.37 to 2.41; p = 0.15; n = 226). Neither the IPE (+1.22 kg) nor the control arm (+0.07 kg) unadjusted mean
gains in body weight reached the expected 2 kg threshold. In the IPE arm, fat-free mass was greater by 1.07 kg
(95% CI: 0.21-1.93), and blood glucose elevated by 0.11 mmol/L (95% CI: 0.01-0.21). Compliance, determined by
intake of >50% sachets, was reached by 63% of IPE participants. There were no unexpected adverse events or
safety concerns.
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Interpretation Our study indicates that at 12 months, IPE did not differentially affect weight gain, compared with the
inulin control, in adults between 20 and 40 years of age, at risk of obesity.

Funding NTHR EME Programme (15/185/16).

Copyright © 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

Previous studies have demonstrated that 10 g/day IPE for 24
weeks in overweight middle-aged adults (40-65 years)
significantly reduced body weight gain, correlated with
decreased abdominal visceral adipose tissue and improved
B-cell function compared to the control group. However, the
effect of IPE has not been explored in a cohort of young
adults at highest risk of weight gain.

Added value of this study
This is the first study to explore the specific role of the SCFA
propionate in appetite regulation and body weight gain in

Introduction

Approximately 2.8 billion people are overweight or
obese worldwide.' Obesity-related diseases cost the NHS
£11.4 billion in 2021.” In adults, weight gain occurs at
the fastest rate between the ages of 20 and 35 at
0.8-2.2 kg per year, creating conditions for later-life
obesity.*" Lifestyle changes during this stage of life
contribute to a small but persistent positive energy bal-
ance of 50-100 kcal per day, promoting incremental
weight gain.® After becoming obese, a return to a body
mass index (BMI) of <25 kg/m? is achieved by one in
210 men and one in 124 women.® Substantial adipose
tissue deposition during this period increases metabolic
disease risk and sets the weight gain trajectory for later
life. Increased fat mass during young adulthood can
lead to elevated triglycerides, fasting glucose, blood
pressure, total cholesterol and low-density lipoprotein
(LDL) cholesterol in older age.” Preventing the incre-
mental increase in body weight observed in young
adults will lead to better metabolic health throughout
the lifespan.

High-fibre diets are associated with lower weight
gain.® Dietary fibres are largely indigestible in the small
intestine and reach the colon where gut bacteria ferment
them to produce short-chain fatty acids (SCFAs): acetate,
propionate, and butyrate.” In humans, SCFAs are nat-
ural ligands for free fatty acid receptor (FFARs) activa-
tion in the gastrointestinal tract and appear to play a role
in modulating appetite and energy balance.'>'" Despite
public health recommendations, less than 10% of the
population meet the recommended daily intake of 30 g

young adults. Neither group gained significant weight over 12
months and there was a non-significant baseline-adjusted
mean difference in weight gain of 1.02 (95% Cl: -0.37 to
2.41) kg for IPE versus inulin control.

Implications of all the available evidence

The effects of IPE and inulin on weight gain prevention were
not significantly different. Further research is required to
understand whether there are age-related differences in
appetite regulation and energy balance in response to SCFAs.

of dietary fibre'? and only one-third of adults consume
five portions of fruit and vegetables per day."

Rodent faecal donor studies indicate that lower body
weight and adiposity are associated with increased pro-
pionate."* Additionally, propionate is an end product of
fermentation” and has the highest affinity of all SCFAs
to FFARs."® We produced inulin-propionate ester (IPE),
a novel food ingredient, to specifically enhance the
production of propionate in the colon in quantities
equivalent to the fermentation of 60 g of fibre” con-
tained within one 10 g dose. Our previous work
demonstrated that middle-aged, overweight participants
consuming IPE daily experienced less weight gain
compared with the inulin-consuming group over a six-
month intervention.” IPE has the potential to be
added to a wide variety of foods without affecting
organoleptic properties.

The aim of this multi-centre, randomised-controlled,
double-blind trial was to investigate the effect of IPE on
weight gain in a younger, overweight population (20-40
years) at risk of further weight gain over one year.

Methods

Study design

The iPREVENT study was a multi-site, double-blind,
parallel, randomised-controlled trial conducted between
July 2019 and October 2022. The study sites were Im-
perial College London and The University of Glasgow,
UK. The trial was registered to the International Stan-
dard Randomised Controlled Trial (ISRCT) registry
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(ISRCT No: 16299902, March 2018). The trial protocol
and participant-facing documents were approved by the
London Hampstead Research Ethics Committee (REC)
on 29th January 2019 (REC reference no: 19/L0O/0095).
Study recruitment commenced in July 2019 and the
final participant was enrolled in October 2021. Recruit-
ment was paused from March 2020 to September 2020
due to the COVID-19 pandemic. The protocol for this
study was published in October 2022."* In the current
paper, we report the primary and secondary outcomes of
the main study only.

Participants

The 270 participants were recruited through GP prac-
tices and NHS trusts, newspaper and social media
(Facebook/Instagram) adverts, pop-up events and post-
ers. Participants in the study underwent screening at the
sites” clinical research facilities to ensure they met spe-
cific inclusion criteria. These criteria included being
within the age range of 2040 years, having a BMI of
23-27 kg/m? for individuals of South Asian descent or
25-30 kg/m? for those of other ethnicities, being on
stable medication for over 3 months at the time of
screening, and exhibiting an elevated risk of weight
gain. This elevated risk was defined by at least one of the
following self-reported factors: low physical activity
levels (determined by the international physical activity
questionnaire score at screening), weight gain of 2 kg or
more in the past year, consumption of more than one
sugar-sweetened beverage per day or of less than two
portions of fruit and vegetables per day. In January
2020, the participant age range was extended from 20 to
35, to 20-40 years. This and all other amendments are
documented in the online trial protocol.'

Participants who met any exclusion criteria were not
enrolled in the study. Participants were excluded due to
the presence of chronic diseases such as type 1 and 2
diabetes, cancer, renal failure, heart disease, and organic
acidaemia. Additionally, individuals with gastrointes-
tinal conditions such as coeliac disease, inflammatory
bowel disease, and irritable bowel syndrome were
excluded, along with those who had undergone previous
bowel reconstruction surgery or had untreated vitamin
B12 deficiency. Participants reporting a gastrointestinal
upset in the last two weeks, experiencing weight loss of
3 kg or more in the past 3 months, who were pregnant
or lactating, using antibiotics, or currently participating
in a weight loss program or consuming weight loss
products were also excluded from the study.

Randomisation and masking

Randomisation was undertaken using Sealed Envelope
Software (Open-source software, www.sealedenvelope.
com), by the method of minimisation with a random
element to balance the arms by research centre, sex,
BMI within ethnicity (South Asians: 24.00-25.49 kg/m®
and  25.50-27.00 kg/m%* non-South  Asians:
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25.00-27.49 kg/m® and 27.50-30.00 kg/m’ and
whether they participated in the mechanistic sub-study.
Participants were identified with a unique trial identifi-
cation (ID). IPE or control sachets were identified with a
unique treatment code linked to the allocation and trial
ID. The treatment code was not broken as there were no
medical emergencies or need to report unexpected and
related Severe Adverse Events (SAE) to the REC.

Interventions

Participants received blinded, organoleptically identical
trial interventions of IPE or inulin control in 10 g pre-
packed, foil-backed sachets. IPE and inulin are both
white powders. Participants were instructed to consume
one sachet per day orally, mixed in a cool drink or water,
at any time with their normal diet. Participants were
asked to attend screening, baseline (randomisation), 2-,
6-, and 12-month study visits at the Clinical Research
Facility (CRF) of each participating site. Participants
were given an initial trial supply at the baseline visit and
subsequent supplies were dispensed at 2 and 6 months.
Throughout the study, participants were encouraged to
maintain their current diet and exercise routines.

IPE was produced at a pilot-plant by Moorepark
Technology Limited (Fermoy, Ireland) using a previ-
ously described protocol.” Safety of the products was
assessed by microbiological and heavy metal testing by
an external accredited laboratory.

Study procedures

At the screening visit, the study rationale and proced-
ures were explained. Participants then provided
informed consent. Body weight and body composition
(body water, fat mass, fat-free mass) were measured to
the nearest 0.1 kg using the Tanita BC-418MA scales
(Tanita Corporation, Japan). Participants were asked to
remove heavy items of clothing, shoes, and accessories.
They were also asked to void their bladder before the
measurements were taken. A blood sample was taken
for a full blood count to rule out the risk of vitamin B12
deficiency or anaemia. Information regarding medical
history, current medications, alcohol intake, smoking or
vaping, physical activity and recreational drug use was
collected. Blood pressure and waist/hip circumference
were also measured. At the baseline, 2-, 6- and 12-
month visits, these measurements were repeated. Fas-
ted blood samples for glucose and lipid profile were
taken at baseline, 6- and 12-months. Participants atten-
ded these visits in the morning, after fasting for at least
8 h and were asked to abstain from alcohol and intense
physical activity the day before the visit. At 2-, 6- and 12-
months, compliance was measured by counting used
and unused inulin or IPE sachets returned by partici-
pants and the occurrence of adverse events (AEs) or
SAEs was documented. To assess dietary changes, par-
ticipants were asked to complete a seven-day food diary
at Dbaseline, 2-, 6- and 12-month visits. Further
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information on study methodology can be found in the
Supplementary Material (Supplementary information,
Supplementary Methods).

Patient and public involvement

Public involvement was an intrinsic part of this clinical
trial. A Study Advisory Group (SAG) was formed, con-
sisting of four members of the public with similar char-
acteristics to the trial population. The SAG advised on
recruitment, retention, engagement and dissemination
strategies. One member of the SAG also joined the Trial
Steering Committee and Trial Management Group.

The SAG met three times before the trial began and
provided feedback on the participant information sheet
to ensure it was accurate and readily understood by a lay
audience. The SAG identified aspects of the trial pro-
tocol which might be impractical for participants and
highlighted potential compliance challenges. The SAG
suggested ways to recruit participants, including via
social media adverts, texts from GP surgeries and
engaging people from ethnic minority backgrounds via
community centres. One SAG member produced a
short animation video to share on social media. Not all
suggestions could be implemented, mostly due to
budget constraints. When issues like this arose, they
were discussed openly with the SAG.

The SAG provided a novel perspective during the
trial, offering reasons why participants might be reluc-
tant to attend study visits and suggesting ways in which
attendance could be incentivised. For example, the SAG
commented that COVID-19 had caused some people to
worry about being identified as overweight and high-
lighted inequalities in healthcare outcomes among
people from ethnic minority backgrounds in the UK.

At the dissemination stage, the SAG discussed
possible dissemination strategies and two members of
the SAG were involved in writing the funder’s report
and this research paper.

Outcomes
The Primary outcome is weight gain from baseline to 12
months.

Secondary outcomes, change from baseline to 12
months (unless otherwise indicated), were:

+ Weight gain from baseline to 2 and 6 months
» Fasting biochemistry:

* Glucose

+ Insulin

« Triglycerides

« Total cholesterol

+ Low-density lipoprotein (LDL) cholesterol

« High-density lipoprotein (HDL) cholesterol
« Blood pressure
« Waist and hip circumference, body composition

measurements, BMI

« Compliance with intervention (sachet percentage)

+ Occurrence of AEs and SAEs

+ Changes in physical activity from baseline to 2, 6 and
12 months

+ Changes in diet from baseline, to 2, 6 and 12 months

+ Changes in other lifestyle factors (drinking, smok-
ing, vaping, recreational drugs) from baseline to 2, 6
and 12 months

Statistical analysis

The sample size was calculated from the randomised
proof of concept trial where the difference between
arms in the change in body weight over 24 weeks was
1.4 kg (95% CI (Confidence Interval): -0.3 to 3.1),
p =0.099.” Using a Bayesian method recommended for
preliminary trials in which evidence in the 95% CI is
translated into probabilities,” there was a 95% posterior
probability of an underlying, positive, between-arm dif-
ference favouring the intervention. The posterior prob-
abilities of intervention-favouring differences greater
than 1 kg, 1.5 kg, and 2 kg were 69%, 47% and 25%,
respectively, based on 24-week intervention. The dif-
ference increased in magnitude through successive
eight-week, 16-week, and 24-week time points. By 24
weeks there were significant reductions in the propor-
tion of intervention participants gaining 3%, and 5% of
body weight from a mean baseline of 90 kg. A 2 kg
between-arm 12-month effect size was therefore chosen.
This agreed with a weight gain prevention trial over nine
months in young adults* which aimed to detect a 2 kg
effect and achieved 4.3 kg, with a pooled standard de-
viation (SD) for body weight change of 4.35 kg and 81%
retention.

On this basis, a sample size of 270 randomised
participants (135 per arm) was chosen to provide 90%
power to detect a 2 kg difference between arms in mean
body weight change over 12 months using a two-sided
5% level significance test, assuming a 4.35 kg SD and
with 25% dropout allowance (68 participants). The
sample size was calculated using R Project for Statistical
Computing (RRID: SCR_001905).

This trial aimed to understand whether intake of IPE
prevented further weight gain, compared with the con-
trol. In addition, an explanatory element of the trial
aimed to understand the mechanisms of the causal
pathway of such body weight change and any limitations
from compliance. Therefore, analyses were primarily
conducted in the ‘Intention to Treat’ population. The
analysis of the primary endpoint incorporated the earlier
correlated interim measurements of body weight in a
linear mixed effects model, using an unstructured cor-
relation structure, and adjusting for baseline continuous
body weight and stratifiers. Additionally, due to COVID-
19 restrictions participant self-measured weights were
permitted, and a covariate was included to indicate
whether the measured weight was provided in the clinic
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or directly by the participant at each time point. The
implicit ‘missing at random’ assumption was chal-
lenged through a set of sensitivity analyses involving all
randomised participants.

Further to this we conducted a complier average
causal effect (CACE) analysis, as outlined by Dunn et al.,
estimating the effect of IPE versus Inulin control on the
primary outcome in a more highly compliant popula-
tion, whilst respecting randomisation.”” The CACE es-
timate is the ratio of the estimated treatment effect to
the proportion compliant.” The pre-defined compliance
level was >50% and secondarily, >80% of daily sachets
taken over one year.

Where possible, continuous secondary endpoints
were adjusted for their baseline to improve the precision
of estimated intervention effects. Repeated measures
were analysed using linear mixed-effects models
adjusting also for randomisation stratifiers. Compari-
sons between arms for binary outcomes were sum-
marised as differences in proportions and estimated
95% confidence intervals were used to make inferences
about effect sizes. The Wilson score-based method with
no continuity correction was used to obtain these when
there were fewer than five events in either of the arms.*
Between-group findings were presented with 95% con-
fidence intervals. An interval excluding zero, for the
analysis of a difference in means or proportions, was
labelled as tentatively statistically significant due to
multiple secondary outcome tests. p-values arising from
hypothesis testing were reserved for the powered anal-
ysis of the primary outcome.

IBM SPSS Statistics (RRID: SCR_019096), version
28.0.1, was used for all statistical analyses. Further de-
tails are provided in the Statistical Analysis Plan (SAP)
(available  at:  https://data.mendeley.com/datasets/
n33kky5dww/2), which was approved by the TSC. The
final approved SAP was based on the protocol and took
precedence for undertaking the analysis of the main
trial.

Role of the funding source

The study funder had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.

Results

Between July 2019 and October 2021, 325 individuals
were screened for this study and 270 participants were
randomly allocated to the inulin control (n = 135) or IPE
(n = 135) group. The mean (SD) age was 30.2 (5.4) years
and BMI was 27.5 (1.5) kg/m?. Baseline characteristics
were well-balanced between the two study arms
(Table 1). Participant withdrawal rates (discontinued the
study) were lower than the 25% threshold at 16% (42/
270) overall. There were no apparent differences be-
tween those withdrawing from the study and those
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the past year

?One participant in the IPE arm failed to report their drinking status.

IPE Inulin Total
N =135 N = 135 N = 270
N (%) N (%) N (%)
Age Mean (SD) 30.3 (5.2) 30.1 (5.7) 30.2 (5.4)
Sex: Female 86 (64%) 86 (64%) 172 (64%)
Sex: Male 49 (36%) 49 (36%) 98 (36%)
Ethnicity
White 90 (67%) 95 (70%) 185 (68%)
Asian 14 (10%) 20 (15%) 34 (13%)
Mixed 7 (5%) 6 (4%) 13 (5%)
Black 8 (6%) 4 (3%) 12 (4%)
Any other ethnic group 16 (12%) 10 (7%) 26 (10%)
Weight (kg) Mean (SD) 79.6 (10.9) 79.1 (10.6) 79.3 (10.7)
Height (cm) Mean (SD) 169.6 (9.5) 169.5 (9.3) 169.6 (9.3)
Waist (cm) Mean (SD) 94.0 (8.7) 93.2 (8.2) 93.6 (8.5)
BMI (Kg/m?) Mean (SD) 27.5 (1.6) 27.4 (1.5) 27.5 (1.5)
Smoking status
Current 25 (19%) 17 (13%) 42 (16%)
Ex-smoker 25 (19%) 28 (21%) 53 (20%)
Never 85 (63%) 90 (67%) 175 (65%)
Vaping status
Current 8 (6%) 11 (8%) 19 (7%)
Ex-vaper 4 (3%) 3 (2%) 7 (3%)
Never 123 (91%) 121 (90%) 244 (90%)
Drinking status®
Current 106 (79%) 110 (81%) 216 (80%)
Ex-drinker 12 (9%) 9 (7%) 21 (8%)
Never 16 (12%) 16 (12%) 32 (12%)
Recreational drugs taken in 7 (5%) 6 (4%) 13 (5%)

Table 1: Socio-demographic and clinical characteristics by arm at Baseline.

completing the trial. Of those withdrawing, baseline
weight was lower, and there were more females in the
IPE arm than the control arm (Supplementary
Information, Supplementary Table S1). Overall, 45%
(61/135) of participants in the control group and 31%
(42/135) in the IPE group discontinued supplementa-
tion, of whom 15% (20/135) and 16% (22/135),
respectively, withdrew from the study entirely. The
Consolidated Standards of Reporting Trials (CON-
SORT) diagram describes the flow of participants
through the study stages (Fig. 1).

There was no significant difference in the primary
outcome of body weight between the IPE and inulin
control groups at the 12-month study visit, adjusted
difference in means (95% Confidence intervals [CI]) was
1.02 (-0.37 to 2.41) kg, p = 0.15 (Table 2). This included
256 (95%) participants with at least one follow-up weight
measurement in the primary outcome model (Table 2).
The conclusion was not changed in the sensitivity
analysis for missing data (data not shown).

Significantly higher fat-free mass and body water
mass were observed in the IPE group compared to the
control with adjusted differences in means of 1.07
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Number of subjects screened n=325

ber of subjects notrandomized n=55
Reasons:
| -Screening failures (n=40)

- Withdrawal of consent (n=6)
- Other reasons (n=6)
- Lost to follow-up (n=3)

Randomized n=270

Allocation

Allocated to control (Enrolled) (n=135)

l I Allocated to IPE (Enrolled) (n=135)

[ From allocation up to 2M follow-up ]

Withdrew from study (n=5)
Reasons:
- Other reason: Hard to continue adhering (n=1)
- Moved out of area (n=1)
- Lost to follow-up (n=3)

Discontinued intervention without withdrawing (n=8)!
Reasons:
- AE/SAE (n=4)
- Other reasons (n=4)

Withdrew from study (n=6)
Reasons:
- AEs (n=2)
- Personal reasons (n=1)
- Lost to follow-up (n=3)

Discontinued intervention without withdrawing (n=7)2
Reasons:
- AE/SAE (n=3)
- Other reasons (n=3)
Missing data
- Pregnancy (n=1)

[ From 2M up to 6M follow-up ]I

Y\

Withdrew from study (n=8)
Reasons:
- Withdrawal of consent (n=1)
- Lost to follow-up (n=7)

Discontinued intervention without withdrawing (n=16)
Reasons:
- AE/SAE (n=5)
- Other reasons (n=10)
- Unknown (n=1)

Withdrew from study (n=8)
Reasons:
- Withdrawal of consent (n=1)
- Lost to follow-up (n=7)

Discontinued intervention without withdrawing (n=6)
Reasons:
- AE/SAE (n=2)
- Other reasons (n=4)
- Unknown (n=0)

[ From 6M up to 12M follow-up ]

Withdrew from study (n=7)
Reasons:
- AE/SAE (n=1)
- Withdrawal of consent (n=2)
- Other reason (n=1)
- Lost to follow-up (n=3)

Discontinued intervention without withdrawing (n=17)
Reasons:
- AE/SAE (n=5)
- Other reasons (n=10)
- Unknown (n=2)

Withdrew from study (n=8)
Reasons:
- AE/SAE (n=2)
- Withdrawal of consent (n=1)
- Other reason (n=1)
- Lost to follow-up (n=4)

Discontinued intervention without withdrawing (n=7)
Reasons:
- AE/SAE (n=1)
- Other reasons (n=4)
- Unknown (n=2)

[ Analysis ]

L
Number retained at 12m (n=115)
Number with missing weightat 12m (n=1)

With a measurement of weight at 12 months
- Withclinical weight (n=80)

- Withself-reported weight (n=36)

- Witheither form of weight (n=114)

Included in primary outcome model (n=129)
(6 excluded due to withdrawal)

J
Number retained at 12m (n=113)
Number with missing weight at 12m (n=1)

With a measurement of weight at 12 months
- Withclinical weight (n=87)

- Withself-reported weight (n=30)

- Witheither form of weight (n=112)

Included in primary outcome model (n=127)
(7 excluded due to withdrawal and 1 to pregnancy)

Fig. 1: CONSORT Study Flow Diagram. "One of these participants withdrew later in the 2 M-6 M period. *Two of these participants withdrew
later in the 6 M-12 M period.
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IPE Inulin Adjusted® difference
in means (IPE—Inulin
N Mean (SD) N Mean (SD) (95% Cl) ( )
Weight (kg)
Baseline 135 79.6 (10.9) 135 79.1 (10.6)
2m? 125 80.5 (10.8) 121 79.5 (11.2) 0.20 (-0.41 to 0.81)
6 m° 108 80.9 (10.9) 106 78.9 (10.9) 0.19 (-0.90 to 1.28)
12 m* (Primary outcome) 112 81.4 (11.9) 114 78.9 (11.8) 1.02 (-0.37 to 2.41)
BMI (Kg/m?)

Baseline 135 275 (1.6) 135 27.4 (1.5)

12 m? 87 27.9 (2.4) 80 27.6 (2.2) 0.31 (-0.23 to 0.85)
Waist/hip ratio

Baseline 135 0.87 (0.08) 135 0.86 (0.07)

12 m 85 0.90 (0.10) 78 0.86 (0.07) -0.01 (=0.02 to +0.01)
Body fat (kg)

Baseline 134 24.8 (57) 135 242 (6.2)

12 m 86 24.9 (6.6) 78 24.4 (7.0) 0.07 (-1.07 to +1.21)
Fat-free mass (kg)

Baseline 134 54.8 (11.1) 135 55.0 (10.9)

12 m 86 56.1 (10.7) 77 55.2 (10.5) 1.07 (0.21-1.93)
Water mass (kg)

Baseline 134 395 (7.9) 135 39.7 (7.8)

12'm 86 405 (7.6) 78 40.0 (7.5) 0.72 (0.10-1.33)
Diastolic BP (mm/Hg)

Baseline 135 72.1 (9.8) 135 70.3 (9.7)

12 m 86 712 (9.7) 79 71.4 (8.9) ~0.64 (-2.71 to 1.44)
Systolic BP (mm/Hg)

Baseline 135 116.2 (11.3) 135 113.2 (10.5)

12m 86 115.7 (11.6) 79 115.8 (10.6) -1.30 (-3.84 to 1.24)
Glucose (mmol/L)

Baseline 127 4.59 (0.40) 125 4.65 (0.42)

12 m 85 4.74 (039) 80 4.66 (0.39) 0.11 (0.01-0.21)
Ln Insulin (pmol/L)

Baseline 130 4.50 (0.97) 131 4.52 (0.88)

12m 84 4.47 (0.86) 75 4.60 (0.80) 0.03 (-0.13 to 0.20)
Total cholesterol (mmol/L)

Baseline 134 4.70 (0.94) 133 4.58 (0.74)

12 m 86 4.66 (0.85) 80 4.69 (0.93) -0.12 (-0.32 to 0.09)
LDL cholesterol (mmol/L)

Baseline 131 2.90 (0.83) 132 2.72 (0.67)

12 m 86 2.82 (0.73) 79 2.78 (0.79) -0.12 (-0.30 to 0.05)
HDL cholesterol (mmol/L)

Baseline 133 1.35 (0.31) 133 1.37 (0.36)

12 m 86 1.37 (0.30) 80 1.40 (0.38) -0.00 (-0.07 to 0.07)
Ln Triglycerides (mmol/L)

Baseline 132 -0.10 (0.46) 133 -0.07 (0.52)

12 m 86 -0.11 (0.46) 80 -0.07 (0.58) 0.01 (-0.11 to 0.13)'
BMI, body mass index; BP Blood pressure; Cl, confidence intervals; HDL high-density lipoprotein; LDL, low-density lipoprotein; Ln, natural log. *This included 30 participants
in the IPE arm and 32 in the inulin arm whose measured weights were self-reported. The mean (SD) clinical weight in the IPE arm was 80.1 (10.6) and 80.3 (11.1) in the
inulin arm at 6-months follow-up. ®This included 25 participants in the IPE arm and 32 in the inulin arm whose measured weights were self-reported. The mean (SD) clinical
weight in the IPE arm was 80.7 (11.0) and 80.3 (11.5) in the inulin arm at 2-months follow-up. This included 25 participants in the IPE arm and 34 in the inulin arm whose
measured weights were self-reported. The mean (SD) dlinical weight in the IPE arm was 80.8 (11.1) and 79.8 (10.5) in the inulin arm at 12-months follow-up. %In a post hoc
analysis computing BMI using the height given at baseline and the weight used for primary outcome, there were 112 participants with a mean (SD) BMI of 28.0 (2.5) in the
IPE arm at 12 months, and 114 participants with BMI of 27.4 (2.3) in the Inulin arm. The adjusted mean difference was 0.39 (-0.10 to 0.87). “Adjusted at each timepoint for
the baseline of the measurement, age, sex, BMI by ethnicity (except for BMI, which was only adjusted for ethnicity), whether included in sub-study, and study site. For
weight, we have also adjusted for the source of the measured weight (Clinic versus Self-reported) at each timepoint. ‘Before natural log transformation, the means (SD) at
baseline, 6 M and 12 M in the control arm, respectively were, in mmol/L, 1.08 (0.06), 1.05 (0.07), 1.14 (0.10) and for IPE were 1.01 (0.05), 1.04 (0.06), 1.00 (0.06). The
adjusted difference in means (with confidence interval) is presented on the natural log scale, and on taking the anti-log is equivalent to a more interpretable ratio of the
geometric means of 1.01 mmol/l 95% Cl (0.90-1.14).

Table 2: Results for primary and secondary outcomes.
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(0.21-1.93) kg and 0.72 (0.10-1.33) kg, respectively.
Additionally, fasting glucose increased in the IPE arm,
compared with the inulin control with an adjusted dif-
ference in means of 0.11 (0.01-0.21) mmol/L. No
changes in other blood biomarkers, waist and hip
circumference, blood pressure or BMI were detected
(Table 2). No apparent differences in physical activity or
lifestyle factors (smoking, drinking or vaping) were
detected within or between groups (Supplementary
Information, Supplementary Tables S2 and S3).

At 12 months, high compliance with the interven-
tion, determined by a threshold of >80% IPE or inulin
sachets consumed, was reached by 48% (65/135) and
32% (43/135) of the IPE and inulin control arms,
respectively (Table 3). CACE compliance analysis was
used to investigate the effect of higher compliance on
weight outcomes between groups at a predefined
compliance level of >50%, and >80%, the high
compliance  level  (Supplementary  Information;
Supplementary Tables S4 and S5). Post-hoc sensitivity
analyses identified groups within the study population
who exhibited higher levels of compliance, such as older
participants, males and those with a lower starting body
weight (Supplementary Information; Supplementary
Table S6).

Analysis of 150 diet diaries from the first 60 partic-
ipants detected that energy intake reporting was, on
average, 40% less than the estimated required energy
intake.

Safety data were reported for all participants. There
were 340 AEs in 151 (56%) participants, with 160 AEs in
76 (56%) participants in the IPE arm, and 180 AEs in 76
(56%) participants in the inulin control arm. Common,
expected and related AEs were gastrointestinal disorders
such as bloating, cramping and gas. There were four
SAEs, two in the control arm and two in the IPE arm.
AE and SAE reporting did not differ substantially be-
tween the two arms. There were no unexpected AEs and
no SAEs that were related to the IPE or inulin con-
sumption. Incidence of COVID-19 has been docu-
mented in infection and infestations in the
supplementary information (Supplementary
Information; Supplementary Table S8). The Wilson
score-based method with no continuity correction was
used when there were fewer than five events in either of
the arms (25). Tables 4 and 5 summarise AEs and SAEs.

Percentage of days IPE Inulin Total Difference in
compliant over the N = 135 N =135 N = 270 proportions

12-month follow-up % (N) % (N) % (N) (IPE-Inulin) (95% Cl)
>80% 48 (65) 32 (43) 40 (108) 16.3% (4.8% to 11.5%)
250% 63 (85) 53 (72) 58 (157) 9.6% (-2.1% to 21.3%)

IPE, inulin-propionate ester. Compliance analyses included those who withdrew from the study entirely and
those who did not withdraw but discontinued supplementation. Compliance was taken to be zero after these

events.

Table 3: Number of participants who reached levels of compliance at 12-month visit.

Discussion

This randomised controlled trial investigated the effi-
cacy of increasing colonic propionate production on the
prevention of weight gain in younger adults over one
year. This valuable effect was suggested by earlier evi-
dence but had not yet been tested. In this study, IPE had
no significant effect, compared with inulin, on the pri-
mary outcome of weight gain. Furthermore, neither the
IPE nor the control arm participants reached the pre-
dicted mean 2 kg gain in body weight. In contrast, an
observational study conducted during the same period
of the COVID-19 pandemic indicated that the average
adult gained 1.57 kg between March and May 2020.*

Previously, a six-month study of IPE intake in a
middle-aged cohort (mean age: 54 years) demonstrated a
trend towards weight loss, with an adjusted difference
(95% CI) in weight of —1.4 kg (-3.07 to 0.27) compared
with the inulin control.” Further, a one-month inter-
vention of IPE with a moderate energy deficit in a
younger cohort, reduced body weight (Pre-intervention
mean (SD) 77.3 (4.2) kg; post-intervention, 76.6 (4.1) kg,
p < 0.05).*° However, it is worth noting that participants
for this trial were selected for their phenotypic suscep-
tibility to further weight gain.’

Irrespective of the lack of effect on body weight seen,
IPE had a distinct effect on body composition compared
with the inulin control. In the current study, fat-free
mass increased significantly in the IPE group, this was
not accounted for by a change in physical activity
measured by IPAQ. There was no significant change in
fat mass, contrary to previous studies where lower fat
mass” and lower intra-abdominal fat” were reported.
Nevertheless, an elevated fat-free mass enhances basal
metabolic rate and could contribute to longer-term im-
provements in body composition.”” Although the
mechanism for the increased fat-free mass is not clear,
this observation has been made in animal studies using
a variety of SCFA.*** It is proposed that SCFA promote
an oxidative skeletal muscle phenotype and increased
expression of type I myosin heavy chain proteins.***' So
far, there are no studies investigating the effect of
propionate.

Although fasting glucose was significantly higher
after 12 months of IPE intake (0.11 (0.01-0.21)
compared with inulin, levels remained within the
normal range. The increase of 0.11 mmoL/] is unlikely
to be of clinical relevance. Additionally, there was no
observed effect on postprandial blood glucose, consis-
tent with findings from previous studies.””***

It is not possible to say with certainty why there are
differences between weight maintenance in the current
young adult cohort and our previous study.” One
distinction is the age of the participants. Physiological
and psychosocial differences driving energy intake may
contribute to the differences in the weight gain trajec-
tory between younger and older adults. So far, most
studies have recruited middle-aged participants to
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investigate the effect of increased colonic propionate on
metabolism,"”*** with one exception.” The IPE dose of
10 g per day for this study was selected based on pre-
vious work suggesting this to be the minimally effective
dose in middle-aged adults,” with no differences seen
when the dosage was increased to 20 g per day.”” A
cross-sectional study of 153 participants indicated that
adults aged 50-65 years have 25% lower SCFA con-
centrations than adults aged below 50 years.” The
naturally lower concentrations of SCFA seen in older
adults may make them more responsive to increased
colonic propionate. Therefore, a larger dose may be
required to achieve a similar effect in this younger study
cohort. In previous work, we have demonstrated that
middle-aged men rated high-energy foods as signifi-
cantly less appealing when consuming IPE.** These
findings in middle-aged, obese adults may not be
translatable to younger adults with lower adiposity.
Furthermore, younger adults tend to eat outside of the
home and snack throughout the day,” which are both
eating behaviours associated with higher energy
intake.*® It is also worth noting that the previous study
cohort had a higher starting weight and higher plasma
lipids and that the results of the previous study were not
confounded by COVID-19. The current study highlights
the importance of conducting research in an age group
where complex drivers of weight gain exist and high-
lights the need for an array of interventions to combat
weight gain.*® These may differ older adults where
obesity is more established.

Participant withdrawal rates were lower than pre-
dicted and comparable between arms. Compliance an-
alyses indicated that supplement cessation was more
common in those consuming inulin than IPE. There-
fore, lower compliance did not explain the main trial
outcome. However, participants with the poorest
compliance with IPE appeared to gain the most weight
and those that had high compliance of >80% had greater
weight loss.

Notable strengths of this study are the randomised,
blinded placebo-controlled design, duration, cohort size
and that >50% treatment adherence was met by 63% of
participants after 12 months. However, this study has
some limitations. The dose of IPE may have been
inadequate to alter appetite in a group of younger adults
as the evidence supporting the use of this dose was
based older adults who likely had lower baseline colonic
SCFA concentrations. Although dietary data was
collected before and after the intervention, it has not
been reported in the present paper. After analysing the
diet diaries of the first 60 volunteers who completed the
study, an average underreporting of 40% of estimated
required energy intake was detected. We determined
that this level of misreporting made the data too unre-
liable to be meaningful. It is possible that diets could
have changed over the study period, potentially
increasing fermentable fibre intake. However, data from
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IPE Inulin Difference in
(n =135) (n=135) proportions
%(N) % (N)  (95% CI)°

(IPE—Inulin)

Participants reporting >1 AE 56 (76) 56 (76) 0.0% (-11.7% to 11.7%)
Participants reporting an SAE 1.5 (2) 15 (2) 0.0% (-3.9% to 3.9%)
Death 0 (0) 0 (0) 0.0% (-2.8% to 2.8%)
Adverse events of special interest:

Participants reporting >1 AE in 24 (33) 33 (45) -8.9% (-19.4% to 1.9%)

Gastrointestinal disorders SOC

Participants reporting at least one AE in 21 (29) 21 (28) 0.7% (-9.0% to 10.5%)

infection and manifestations of SOC

Participants reporting at least one AE in Food 7 (10) 4 (6) 3.0% (-3.0% to 9.1%)

sup taste/texture SOC”

No. participants discontinuation from study 3 (4) 1(1) 2.2% (-1.6% to 6.7%)

due to AE*

AE, adverse event; IPE, inulin-propionate ester; SAE, severe adverse event; SOC, System Organ Class. °3
participants had an AE related to stopping the supplement because they “did not like taking supplements”. “The
Wilson score-based method with no continuity correction was used when there were fewer than five events in
either of the arms (refer to Newcombe 1998°%).

Table 4: Summary of adverse events by arm.

the National Diet and Nutrition survey demonstrated a
2-g decrease in dietary fibre intake in 2020.” Further,
from our calculations, the 2.5-fold increase in daily
colonic propionate production achieved when IPE re-
leases propionate in the colon, would be difficult to
reach by a change in dietary fibre intake.” Lastly, the
control arm was treated with inulin, a fermentable di-
etary fibre that itself may reduce appetite. This study did
not include a negative control in the form of a non-
fermentable carbohydrate, like cellulose, as in previous
studies. However, as the study aimed to determine the
distinct effect of propionate on preventing weight gain,
independent of the inulin backbone, inulin was deemed
the most appropriate control.

In conclusion, IPE did not differentially affect weight
gain, compared to the inulin control, in adults between 20
and 40 years of age, at risk of obesity. This result diverges
from previous data which demonstrated that propionate,
delivered to the colon, improved weight maintenance in
middle-aged overweight adults. The prevention of incre-
mental weight gain in young adults delays the onset of
obesity and its associated sequelae. However, the drivers of
weight gain and its prevention appear to be more complex

Arm  Duration of Severity ~Months after  Relationship Outcome

SAE (days) randomisation to study
treatment
Stab wound IPE 30 Severe 10 Not related  Resolved
Hospitalisation IPE 61 Severe 8 Not related Resolved
Renal stone Inulin 1 Moderate 4 Not related Resolved
removal
Meningitis Inulin 17 Severe 6 Not related  Resolved

bacterial

IPE, inulin-propionate ester; SAE, severe adverse event.

Table 5: Severe adverse events.
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during this period than in later life. Further investigation is
needed to elucidate the mechanisms behind the observed
differential impact of IPE on weight gain prevention be-
tween younger and older adults.
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