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ABSTRACT

Introduction Intake of free sugars in European
countries is high and attempts to reduce sugar
intake have been mostly ineffective. Non-nutritive
sweeteners and sweetness enhancers (S&SEs) can
maintain sweet taste in the absence of energy,

but little is known about the impact of acute and
repeated consumption of S&SE in foods on appetite.
This study aims to evaluate the effect of acute and
repeated consumption of two individual S&SEs and
two S&SE blends in semisolid and solid foods on
appetite and related behavioural, metabolic and
health outcomes.

Methods and analysis A work package of the
SWEET Project; this study consists of five double-blind
randomised cross-over trials which will be carried out
at five sites across four European countries, aiming to
have n=213. Five food matrices will be tested across
three formulations (sucrose-sweetened control vs two
reformulated products with S&SE blends and no added
sugar). Participants (body mass index 25-35 kg/m?:
aged 18-60 years) will consume each formulation

for 14 days. The primary endpoint is composite
appetite score (hunger, inverse of fullness, desire to
eat and prospective food consumption) over a 3-hour
postprandial incremental area under the curve during
clinical investigation days on days 1 and 14.

Ethics and dissemination The trial has been
approved by national ethical committees and will

be conducted in accordance with the Declaration of
Helsinki. Results will be published in international
peer-reviewed open-access scientific journals.
Research data from the trial will be deposited in an
open-access online research data archive.

Trial registration number NCT04633681.

,'2 Edith Feskens,'®
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The trial is the first of its kind to investigate the ef-
fects of acute and repeated exposure to two individ-
ual sweeteners and sweetness enhancers (S&SEs)
and two S&SE blends in five different sweet food
products across a variety of matrices including bak-
ery (cakes and biscuits), dairy (yoghurt), confection-
ery (chocolate) and breakfast cereal.

= This trial includes a large range of outcomes across
behaviour, physiology and health from persons living
in Northern, Central and Southern Europe.

= The COVID-19 pandemic resulted in changes to
the design of the studies in the trial. Originally, all
products were to be tested across two sites, but the
reduced time frame means this is not possible for
some products.

= Due to COVID-19 disruptions, the number of par-
ticipants in two of the five studies will be reduced.
Blood samples will not be taken in one of these
smaller studies. Outcomes will be reported descrip-

tively in these two studies where appropriate.

BACKGROUND AND RATIONALE

The global increase in the prevalence of
obesity and its associated diseases is driven
by a range of internal factors, involving
genetic, behavioural and metabolic determi-
nants along with permissive external factors
from the physical, social and public (nutri-
tional) policy environment." One of the main
behavioural drivers involves a diet too rich in
energy intake relative to energy expenditure.
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Free sugar intake (derived from sugar added to foods and
beverages by the manufacturer or consumer) is one nutri-
tional component that has gained focus because of its low
nutritional value (lack of vitamins, minerals or fibre) and
its potential to add to overall energy consumed, facil-
itating weight gain,? and potential altered appetite and
endocrine responses to carbohydrates (sugars) relative to
other macronutrients.”

Simply restricting free sugars from the diet without
substitution may reduce diet palatability or contribute
to changes in sweet craving,” particularly in women,”
resulting in poor acceptance. The replacement of free
sugars with non-nutritive sweeteners and sweetness
enhancers (S&SEs) in food products is one method
to reduce sugar intake while maintaining acceptance
and palatability of the diet. S&SEs have increasingly
been employed over recent years to reduce the energy
and sugar content of foods; however, their impact on
appetite-related and health-related outcomes is some-
what unclear.’

The effect of S&SEs on appetite is difficult to summarise
due to the types of studies, comparisons and S&SEs being
used. One of the reasons for the current partial under-
standing of the appetitive and metabolic effects of S&SEs
in humans is that different S&SEs are commonly assumed
to have similar behavioural effects.”® Only recently, one
12-week investigation of four distinct S&SEs reported
directionally dissimilar effects of saccharin compared with
sucralose on body weight.” A recent review comparing
different S&SEs suggests that some have the potential to
enhance appetite, but these effects do not follow through to
subsequent energy intake.’ A recent meta-analysis detailed
the impact of no-energy or low-energy sweetened preloads
compared with conventionally sweetened preloads on ad
libitum energy intake. They concluded that similar effects
on energy intake were seen due to only partial compensa-
tion being evident (although total energy intake was lower
in the no-energy or low-energy sweetener).'” Furthermore,
recent studies have highlighted that S&SEs may reduce
sweet food cravings and therefore reduce sugar intake''
appetite and energy intake.'” Overall, there is currently
insufficient evidence to make a clear conclusion about the
effect of S&SEs on appetite and energy intake. Indeed,
the 11 S&SEs that are currently approved for use in the
European Union (EU) are chemically heterogeneous and
absorbed, metabolised and excreted differently."” Further-
more, most investigations of the relationship between
S&SE intake and health outcomes have used beverages as
the vehicle'’; these have recently been reviewed."” Since
the amount of S&SEs in the food supply is increasing in
response to consumer demand'® and policy (eg, ‘sugar
taxes’'” '%; EU initiatives' 2°), there is a pressing need to
examine the appetite-related behavioural and metabolic
consequences of consuming S&SEs particularly in semi-
solid and solid food matrices. Furthermore, it should be
acknowledged that differences between acute and longer-
term effects of S&SEs may not be the same®' and this
needs further investigation.

Aims and objectives

The main objective of this study is to evaluate the acute
(1-day) and repeated (14-day) effects of two individual
S&SEs and two S&SE blends in reformulated reduced or
no added sugar food products (using two modulations of
S&SEs per matrix) on appetite and related behavioural,
metabolic and health outcomes in adult men and women
with overweight or obesity.

The hypotheses are:

H,: consumption of no added/reduced sugar prod-
ucts reformulated with S&SEs will result in an altered
incremental area under the curve (iAUC) appetite
score, compared with the sucrose-sweetened control
product after repeated comparisons with acute
consumption.

H,: there will be differences between the no added/
reduced sugar and sucrose-sweetened formulations on
behavioural (eg, food reward and preferences, food
cravings, self-reported energy intake), metabolic (satiety
peptides, glycaemic and lipaemic response) and health-
related (liver function and gastrointestinal (GI) side
effects) outcomes.

Trial design

This study is part of the wider SWEET Project (https://
sweetproject.eu/) funded by the European Commission
Horizon 2020 programme. It is a multicentre double-
blind, randomised cross-over trial conducted across five
intervention sites in four countries, with three product
formulations (sucrose-sweetened control vs two individual
S&SEs or S&SE blends) over five intervention product
types (cake, biscuits, yoghurt, chocolate and breakfast
cereal matrices) aiming for a total of 213 completers. The
protocol is reported as per the Standard Protocol Items:
Recommendations for Interventional Trials reporting
guidelines.”” While this study addresses the short-term
impact of specific S&SEs versus added sucrose on appe-
tite, another work package in the SWEET Project will
examine the long-term (l-year) impact of a weight loss
and weight maintenance intervention with or without
S&SE as part of a healthy diet.”

Sample size determination
The following calculations apply to the studies involving
biscuit, yoghurt and chocolate matrices:

Primary outcome: power calculations showed that to
detect a minimum difference of 8 mm in appetite ratings
on a 100mm Visual Analogue Scale (VAS) with 80%
power, alpha 0.05 and based on a published within-subject
SD of 14.4mm in VAS measures,24 an overall sample of
53 completers (both sexes, same body mass index (BMI)
group, across all centres) would be needed® (p.30) per
matrix. We expect this sample size will be sufficient to
detect iIAUC differences in the appetite response relative
to control of around 8%-10%, considered to be of prac-
tical relevance.*

Secondary outcomes: due to the number of secondary
outcomes in this study, it was not feasible to conduct
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power calculations for all outcomes. However, we
consulted published studies (eg, Yeomans et al’) which
used a similar design and demonstrated effects of small
nutritional manipulations on various gut peptides. In
these studies, sample sizes ranged from 12 to 23 partic-
ipants, giving us confidence that a sample of 53 partici-
pants per matrix should be sufficient to detect differences
with clinical significance.

Due to the impact of the COVID-19 pandemic on the
trial (detailed later), the cake and breakfast cereal studies
were scaled down according to reduced feasibility at each
intervention centre to n=24 (cake) and n=30 (breakfast
cereal), and no blood samples will be collected in the cake
study. The primary outcome will be reported descriptively
in these two studies where appropriate and reflected in
the study registration and protocol.

Study setting

This trial is conducted across five intervention sites in
four countries across three regions of Europe, with each
site testing a different product, while following the same
protocol. Western Europe: Leeds (University of Leeds,
UK) will test biscuits; Liverpool (University of Liverpool,
UK) will test chocolate; Lyon (Centre de Recherche en
Nutrition Humaine Rhone Alpes, France) will test biscuits
and cakes; Northern Europe: Copenhagen (University
of Copenhagen, Denmark) will test cereal; Southern
Europe: Pamplona (University of Navarra, Spain) will test
yoghurt. University of Leeds and University of Navarra are
the leaders of this work package, while University of Liver-
pool is the coordinating centre of the SWEET Project in
its entirety.

Patient and public involvement

During the study, research staff discuss with partic-
ipants about their experiences of the clinical inves-
tigation days (CIDs), examinations, participant
information, written materials, etc with the aim to
understand and improve participants’ experiences in
current and future studies of this nature. This is also
captured in an end of study survey.

Eligibility criteria

Male and female adults aged 18-60years, with a BMI
25-35kg/m?, are eligible. Participants are required to
regularly consume sugar-containing foods and willing
to consume sugar and sweetened food products. During
screening, they must have an Eating Attitudes Test (EAT-
26)* score <20and a short sweet food frequency ques-
tionnaire score 23 of 11, in addition to rating the control
product as 240% on a 100-point liking VAS during the
taste test and be willing to consume the product during
the duration of the trial. All exclusion criteria are listed in
online supplemental material 1.

Intervention

Each trial will begin with an initial exposure to one of the
three assigned product formulations under controlled
laboratory conditions (CIDs 1, 3, b—exposure day 1),

followed by repeated daily consumption of the same
product at home for 12 (+2) days and a final exposure
in the laboratory on day 14 (#2days) under identical
conditions as the first exposure (CIDs 2, 4, 6—expo-
sure day 14), resulting in all participants completing
the three product formulations in a Latin square design
(see figure 1). CIDs 2 and 4 will be followed by a washout
period of 14-21days between formulations. During the
at-home periods, participants will consume a portion
of the product at a time and place they choose using a
substitution strategy for similar energy/sweetness foods
in their habitual diet. Foods habitually consumed of an
equivalent energy density/sweetness are identified using
participants’ answers to a food frequency questionnaire
and an energy equivalent guide, with a decision-making
tree developed to identify the most suitable foods to
substitute for each intervention product. This strategy is
supported by advice and agreement from the research
officer/dietitian. Compliance will be monitored by an
intervention booklet completed daily and by return of
empty food packaging. All food products are provided in
the same blinded container/wrapping. The study dura-
tion for each participant will be a minimum of 70 days
(plus 7-14days’ allowance for extended washout to aid
scheduling of CIDs).

Recruitment and screening

Participants will be recruited via a variety of routes, for
example, study databases, webpages, social media, posters
and flyers. Potential participants will be prescreened
using an online or telephonic prescreening question-
naire in accordance with the inclusion and exclusion
criteria. Candidates passing prescreening will be invited
to attend an information session, either online or in
person, where they will be given detailed information
about the study and invited to participate in a question
and answer session. Candidates who wish to participate
in the study will provide written informed consent and
sign a general data protection regulation (GDPR) form
before being fully screened. The screening session will
be performed in person or online, and will consist of
anthropometric measurements (height, weight, waist and
hip circumference; all confirmed in person at CID1 for
participants being screened online); eligibility question-
naires (EAT-26*® and short sweet food frequency ques-
tionnaire); baseline questionnaires (a sociodemographic
questionnaire, a questionnaire to assess habitual sweet
food consumption, including regular and S&SE sweet
foods (SWITCH sweet food frequency questionnaire),* a
questionnaire to assess habitual physical activity (Interna-
tional Physical Activity Questionnaire® and a consumer
perspective questionnaire); an eligibility taste test of the
control intervention product where participants rated
the pleasantness of the product on a 100mm VAS after
taking one bite and chewing for 5s (a score of >40mm
was required for inclusion into the study). Candidates
who pass the screening session will be enrolled into the
study.
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Figure 1

Latin square design and duration for cross-over trials. Each trial will include two no added/reduced sugar

reformulated products and one sucrose-sweetened control (double-blind) per food matrix. Participants will be randomised to
one of six treatment orders. For example, a participant randomised to order one will consume product A in the laboratory on
clinical investigation day (CID) 1/exposure day (ED) 1 and then every day at home until CID2/ED14 when it is consumed in the
laboratory again. After a 2-week washout, the participant returns to the laboratory and repeats the study block with product B,
followed by another 2-week washout, followed by the final study block with product C.

Randomisation and blinding

A Latin square design (six treatment orders) will be used
to randomly allocate product sequence into blocks of six,
as shown in figure 1. The person responsible for gener-
ating the sequences for all sites will not have any study-
related tasks, for example, inclusion or examination
of participants. Each sequence will be stratified by sex
(female/male) and age group (18-45years/46-60years).
When feasible, a female/male ratio of minimum 60/40
was also considered to reflect the target population
characteristics.

Blinding of the intervention products (reformulated
and control products) will be done by the manufacturers.
As such, blinding of the research and central laboratory
staff will take place allowing for a double-blind inter-
vention. Moreover, the statistical analyses of the main
outcome variable will be done without breaking the inter-
vention product-assignment code before the analyses are
finalised.

Clinical investigation days

Prior to each CID, participants will be asked to consume
a similar evening meal at the same time, before fasting
for a minimum of 12 hours and a maximum of 15 hours.
High-intensity physical activity, alcohol and coffee will not
be allowed for 12 hours before arriving to the laboratory.
Two glasses, approximately 500mL, of non-carbonated
water will be allowed during the fasting period. Partici-
pants will provide a spot urine sample collected maximum

of 24 hours before each CID and will be analysed for the
presence of specific S&SEs.

The CID procedures are outlined in figure 2. CID start
times will be scheduled in the morning between 08:00
and 10:30 and participants will start all 6 CIDs at the
same time. Participants will complete a protocol compli-
ance questionnaire to verify the above requirements
regarding diet, physical activity, etc. If compliance has
been breached, staff will reschedule the CID (within the
maximum 14 days allowed, otherwise a protocol devia-
tion will be recorded). If compliance has been achieved,
participants will then fill in the Control of Eating Ques-
tionnaire (CoEQ)™ to assess cravings over the last 7 days,
followed by a body weight measurement. Participants will
consume 200mL of water before having an intravenous
cannula inserted into an antecubital vein by qualified
personnel. A baseline fasting blood sample will be taken
15min after insertion of the cannula. Once the fasting
sample has been taken, participants will complete fasting
subjective appetite ratings for hunger, fullness, thirst,
desire to eat, prospective intake, nausea, bloating, appe-
tite for something savoury and for something sweet on a
validated 100-point VAS accessed via a personal computer
or a tablet.””* These measures will be completed on an
electronic Questionnaire Delivery Platform (QDP), using
separate screens for each VAS. Next, food reward will be
measured using a culturally adapted version of the Leeds
Food Preference Questionnaire (LFPQ) *ona computer
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« CID 1, 3, 5: intervention
booklet and foods for ED2-13
« CID 6: End of study survey

Figure 2 Example timeline of events during clinical investigation day (CID) for biscuit matrix. CoEQ, Control of Eating
Questionnaire; ED, exposure day; ESAT, Expected Satiety Questionnaire; Gl, gastrointestinal; LFPQ, Leeds Food Preference
Questionnaire; SSS, Sensory-Specific Satiety Questionnaire; VAS, Visual Analogue Scale.

desktop. Appetite sensations measured by VAS will be
repeated after the LFPQ) and before the researcher brings
the blinded intervention product served with 200mL of
water. The participant will be instructed to take one bite,
then answer questions regarding sensory-specific satiety
and expected satiety by VAS.” * The participant will be
asked to consume the rest of the product over a period
of 5-10min, depending on the time required to consume
the matrix and asked to complete a set of appetite sensa-
tion questions by VAS at 10min, followed by blood
samples at 7-10 and 12-15min to capture peak pancreatic
polypeptide (PP) response” (yoghurt will be consumed
faster than other products; therefore, blood samples will
be taken earlier for this matrix). VAS for assessment of
appetite sensation will then be taken at 20, 30, 45, 60, 120
and 180min with blood samples taken after VAS at 30,
60 and 120min. The LFPQ will be repeated in the fed
state after the 20-minute VAS. In between measurements,
participants will remain seated in a quiet area, free from
food-related sensory stimuli and read/listen to music/use
a computer (provided there is no material with reference
to food/drink). Once the 180-minute appetite sensation
questions by VAS are complete, the participant will be
offered water or a snack before leaving the laboratory.
Participants will be reminded about the consumption of
the products at home and that they will receive a phone
call the next day to complete a 24-hour diet recall and
report any GI symptoms. Following the end of the trial,
participants will be debriefed if requested and offered
the chance to complete a survey about the conduct of the
study.

Intervention products

There will be one control product (sucrose-containing
manufactured products) and twono added/reduced sugar
reformulated products based on the same food matrix—
including two modulations of S&SE content (inclusion
as individual S&SE or S&SE blends). The reformulated
products have a target of 230% reduction in energy and/
or sugar to achieve the status of ‘reduced sugar’ by EU
regulation no 1047/2012. This will not be possible in
all products; therefore, ‘no added sugar’ will be applied
to products that do not meet the criteria (biscuits and
cakes). The control products will range from 305 to 360
kcal (1286-1516K]), while the intervention products will
range from 242 to 326 kcal (1013-1368K]) (full product
nutritional information in online supplemental material
2). Intervention and control products will be matched for
sweetness intensity, flavour and physical appearance.

The two individual S&SEs selected based on published
literature were Neotame and Stevia Rebaudioside M (in
the biscuits and cakes) and two further S&SE blends were
Sucralose/Acesulfame K blend and Mogroside V/Stevia
Rebaudioside M blend (in yoghurt, chocolate and cereal),
selected based on the results of a preliminary study using
a beverage matrix (manuscript in preparation).

Data collection and outcomes

Table 1 details at which time point(s) data are collected
at the CID.

Primary outcome
This trial has one primary outcome which is the iAUC
for the 180-minute composite appetite score based on

Gibbons C, et al. BMJ Open 2022;12:063903. doi:10.1136/bmjopen-2022-063903
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Table 1 Data collection and time points for each CID
Baseline or
0’ (fasting) 10’ 15’ 20’ 30’ 45 60° 120° 180° Nextday
Primary Subjective appetite (VAS for hunger, X X X X X X X X
endpoint desire to eat, fullness, prospective food
consumption)
Behavioural Food preference and reward (LFPQ) X X
endpolints Food cravings (CoEQ) X
Energy intake (24-hour dietary recall) X
Expected satiety X (1 bite)
Sensory-specific satiety X (1 bite) X
Other appetite ratings (eg, thirst, nausea, X X X X X X X
bloating, appetite for something sweet/
savoury)
Metabolic Glucose and insulin X X X X X X
BRI Pancreatic polypeptide (PP)* X X X X
GLP-1 and ghrelin X X X
Lipaemia (triglycerides, total cholesterol, X X X X
HDL-cholesterol and LDL-cholesterol)
Health Liver function (ALT, AST, GGT, FL index, X X
endpoints TyG index)
HbA1c CID1 and 6
24-hour Gl side effects (self-report) X

*Time points for PP are earlier for yoghurt study.

ALT, alanine transaminase; AST, aspartate transaminase; CID, clinical investigation day; CoEQ, Control of Eating Questionnaire; FL index, fatty
liver index; GGT, gamma-glutamyltransferase; Gl, gastrointestinal; GLP-1, glucagon-like peptide 1; HbA1c, haemoglobin A1c; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; LFPQ, Leeds Food Preference Questionnaire; TyG index, triglycerides and glucose index; VAS, Visual

Analogue Scale.

hunger, fullness (reverse scored), desire to eat and
prospective food consurnption.g8 These subjective appe-
tite ratings will be measured throughout the CIDs using
VAS on the QDP. The trapezoid method will be used for
the calculation of iAUC.*

Secondary outcomes

Food preference and reward

Food preference and food reward will be measured at all
CIDs using the LFPQ.”* Changes will be determined by
comparing the relative preference/food choice, explicit
liking and implicit wanting for high-fat sweet, low-fat
sweet, high-fat savoury and low-fat savoury foods, and
fat/sweet appeal bias scores in the fed and hungry states
between the reformulated and control products.

Food cravings

Food cravings will be determined at all CIDs by craving
control, craving for sweet and savoury scores from the
CoEQ,” which is a 21-item questionnaire with responses
recorded on a 100-point VAS (one item allows for text
response).

Energy intake

Energy intake will be measured by a 24-hour dietary
recall (using the multiple pass method®), which will be
conducted by a trained dietitian or research staff over
the telephone. Participants will be asked to recall all food

and drink consumed during the 24-hour period since
leaving the laboratory. Participants will receive training
on reporting food portions using the Australian Health
Survey Food Model Booklet™ or similar culturally adapted
resources.

Compensatory eating behaviour will be determined
from the analysis of the 24-hour dietary interview data
using energy intake calculated with national nutritional
software. The following variables will be considered:
(1) energy and macronutrient distribution and (2) per
cent energy compensation, defined as the adjustment
of energy intake provoked by the intervention prod-
ucts*! (see online supplemental material 3 for further
information).

Expected satiety and sensory-specific satiety

Expected satiety will be measured by the Expected
Satiety (ESAT) Questionnaire® *
satiety will be measured by the Sensory-Specific Satiety

and sensory-specific

(SSS) Questionnaire36 after one bite and full consump-
tion (10’) of the product. Responses to both question-
naires are recorded on a 100-point VAS completed on
the QDP. ESAT and SSS will be recorded on all CIDs
(see online supplemental material 4 for details of each
VAS).
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Other behavioural ratings

Subjective ratings of thirst, nausea, bloating, appetite for
sweet and appetite for savoury will be recorded using 100-
point VAS on the QDP regularly throughout the CIDs
(table 1).

Biochemical measures

Blood for plasma analyses will be centrifuged at 1500 g at
4°C for 10 min immediately after being collected. Blood
for serum analyses will be left to clot for 30-60 min before
being centrifuged. Whole blood samples for DNA and
haemoglobin Alc (HbAlc) will be frozen immediately
after collection. Plasma and serum aliquots will be stored
at —80°C until shipment for analyses to Bioaitriki Labora-
tories (central laboratory) in Athens, Greece.

Insulin concentrations will be determined by chemilu-
minescent microparticle immunoassay (Abbott Laborato-
ries) using an Abbott Alinity i automated immunoassay
system. Ghrelin, glucagon-like peptide 1 and PP concen-
trations will be determined by ELISA, using an open
automated ELISA system. HbAlc will be determined by
enzymatic assay (Abbott), which consists of two separate
concentration measurements: glycated haemoglobin
(HbAlc) and total haemoglobin. The two concentrations
are used to determine the per cent HbAlc (National
Glycohemoglobin Standardization Program (NGSP)
units) or the haemoglobin fraction in mmol/mol
(Internal Federation of Clinical Chemistry (IFCC) units).
Triglycerides will be determined by glycerol phosphate
oxidase method (Abbott). Total cholesterol will be deter-
mined by enzymatic (oxidase, esterase and peroxidase)
analysis (Abbott). Glucose concentrations will be deter-
mined by enzymatic (Hexokinase/G-6-PDH) (Abbott)
analysis. High-density lipoprotein (HDL)-cholesterol
will be determined by an accelerator selective deter-
gent method (Ultra HDL assay, Abbott) and low-density
lipoprotein (LDL)-cholesterol by a selective resolution
of LDL particles under dye formation method (Direct
LDL assay, Abbott). Aspartate transaminase and alanine
transaminase will be determined by enzymatic (NADH
(without P-5’-P)) assays and gamma-glutamyltransferase
by enzymatic, L-gamma glutamyl-3-carboxy-4-nitroanilide
substrate (Abbott). All biochemistry parameters will
be analysed by an Abbott Alinity ¢ analyser. Fatty liver
index and triglyceride glucose index will be calculated
according to information provided in online supple-
mental material 5.

Gl side effects

Anyreported unusual Gl side effects, including abdominal
pain/cramps, heartburn, stomach acid/reflux, nausea,
vomiting, abdominal rumbling, bloating, belching, excess
gas/wind, bowel movements, stool type, etc, during the
study will be recorded at the phone call the day after each
CID and each day during the athome intervention in a
booklet including the Bristol Stool Form Scale.* The GI
symptoms check has been based on the validated Gastro-
intestinal Symptoms Rating Scale tool.**

Statistical analysis plan

Per-protocol analysis will include participants who
completed all 6 CIDs and had a level of adherence to
the product consumption >80%. The main evaluations
for this trial will be to investigate differences between
the intervention products (two no added/reduced sugar
reformulated S&SE products and one sucrose-sweetened
control). Where this is not appropriate for some of the
secondary outcomes, descriptive analyses will be used to
interpret differences. Data will be pooled across the split-
site (Leeds and Lyon) study using the biscuit matrix. Data
will be presented as means and SD. Outcome variables
will be checked for normality and transformed where
necessary. To account for any missing data, analyses will
be conducted using linear mixed models. Models will
compare S&SE product conditions versus sucrose control
in a 3 (S&SE1, S&SE2, sucrose control) x 2 (exposure
day 1 and exposure day 14) within-subject design. Model
parameters will be adjusted to obtain the best model fit.
Adjustments for covariates (eg, age, gender, BMI, inter-
vention site, compliance, protocol deviations, adverse
events and concomitant medication) will be applied as
necessary, for example, in the event that they influence
outcomes. Analyses will be reported as both unadjusted
and adjusted models. The American Statistical Associ-
ation’s policy statement on p values® advises that all p
values from specified statistical models be reported along
with point estimates, effect size and CIs to help interpret
the compatibility of the data with the study outcomes;
therefore, this procedure will be followed. Otherwise, the
level of significance will be set at 0.05.

Safety analysis

Information relating to adverse events (including events
relating to GI side effects) and concomitant medication
will be tabulated and summarised descriptively.

ETHICS AND MONITORING

Each intervention site has obtained ethical approval from
their local ethical committee. The following details the
specific ethical committees and the reference numbers:
University of Leeds School of Psychology (PSC-127,
approved 19 November 2020), Comité de Protection des
Personnes Nord-Ouest III (2021-42, approved 28 March
2022), Comité de Etica de la Investigacion de la Univer-
sidad de Navarra (2021.205, approved 7 March 2022),
the Ethical Committee, Region H Denmark (applica-
tion number H-21078447 approved 27 September 2022)
and University of Liverpool Central University Research
Ethics Committee D (10659, approved 14 April 2022).
All study procedures will be conducted in accordance
with the Helsinki Declaration and the study protocol
has been registered in a public database (ClinicalTrials.
gov NCT04633681; online supplemental material 6). To
the extent relevant and reasonable International Council
for Harmonisation Good Clinical Practice guidelines
will be used, and standard operating procedures will be
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developed to facilitate the same performance and compli-
ance with the protocol in each centre. All personal data
are handled confidentially and stored in accordance with
applicable law, GDPR and local laws (see online supple-
mental material 7). All participants will receive written and
oral information about the study and only trained study
personnel will provide information, monitor and attest
signing of the informed consent form. Where required,
monitoring of intervention sites will be performed during
the study by the University of Navarra depending on local
regulations.

Trial status

The COVID-19 pandemic had a large impact on access to
infrastructure and services across all intervention centres.
For example, research was halted in some institutions or
fewer participants could be scheduled per visit (restric-
tions related to distance and number of social contacts),
recruitment of new staff was frozen, new risk assessments
were required, ethical review processes were restricted or
extremely prolonged because COVID-19-related proto-
cols were prioritised, procurement of supplies, consum-
ables and services was suspended, and information
technology and administrative support was restricted.
Further, face-to-face clinical work was put under strain.
There were also challenges regarding staff and volun-
teer sickness plus overall volunteer reluctancy to engage
in clinical trials affecting the speed of recruitment and
testing.

Nevertheless, recruitment opened in May 2021 for the
trial at the Leeds and Lyon intervention centres using the
biscuit matrix, with last participant last visit completed in
June 2022 for Leeds and expected by October 2022 for
Lyon. Recruitment for the trial at Lyon using the cake
matrix opened in February 2022. The trials at Liverpool
and Pamplona started recruiting in Spring 2022, and
Copenhagen are still awaiting ethical approval (August
2022).
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