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Abstract

This trial compared weight loss outcomes over 14-week®men showing low or high
satiety responsiveness [low or high satiety phenotype (HSP)] measured by a
standardized protocol. Food preferences and energy iafedtdow and high energy density
(LED, HED) meals were also assessed. Ninety-six womerbanalysed; 41.24 + 12.54
years; 34.02 + 3.58 kgfhengaged in one of two weight loss programs underwent LED and
HED laboratory-test days during weeks 3 and 12. Preference&®ahd HED-foods
(Leeds Food Preference Questionnaire) and ad libitum eveningnteanack energy intake
(El) were assessed in response to equi-caloric LED- and H&dkfasts and lunches.
Weekly questionnaires assessed control over eating andfesdigerence to the program.
Satiety quotients based on subjective fullness ratings postactdHED breakfasts
determined LSP (n=26) and HSP (n=26) by tertile splits. Reshtiwed that theSP lost
less weight and had smaller reductions in waist circuméereompared to HSP. The LSP
showed greater preferences for HED-foods, and under HEDtmsjiconsumed more
snacks (kcal) compared to HSP. Snack EI did not differ undBrtdhditions. LSP reported
less control over eating and reported more difficulihhywrogram adherence. In conclusion,
low satiety responsiveness is detrimental for weight IdsB. meals can improve self-

regulation of El in the LSP, which may be beneficiallforger-term weight control.

Introduction

In 2015, 63% of UK adults were overweight or offesn efforts to control body
weight, two thirds of women have reported a recent weigist attemp?t. Weight loss in
response to such attempts vdrieand few individuals achieve long term weight {68s
Individuals who have attempted weight loss report that husgme of the main challenges
to losing weight" . As such the ability to detect appetite sensations maycinipa success

of a weight loss attempt.

There is variability in the extent to which individuats able to detect changes in
appetite sensations after eatintf’. The satiety quotient (SQ) has been used to measure the
degree to which individuals feel sated in response to a namitiisg efficiency) (meals are
often calibrated to estimated individual daily energy né8dsThe SQ measures changes in
subjective appetite sensations following a fixed-energy.nrbgher SQ scores (greater
satiating efficiency) have been found to correspond wittet energy intake (El) in

laboratory and free-living settings *®. Based on SQ scores, individuals can be categorised
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as either low or high satiety behavioural phenotypes (E&PJ'* 14 1) These satiety
phenotypes have been shown to differ on psycholdtficd] metaboli€? and behavioural
outcome&?. For instance, compared to the HSP, the LSP is assouiitegreater trait
disinhibition (tendency to eat opportunisticafl§)**) lower craving control, greater
preferences to eat high fat foods [as indicated withEeels Food Preference Questionnaire
(LFPQ)*®] and greater meal EP. As such, the evidence suggests that the LSP are less abl
to control their appetite and are susceptible to overconsumgimpared to HSP.

Therefore, it is important to identify strategies thiaimote satiety in the LSP and
prevent overconsumption. Low energy density (LED) foode teeen identified as a food
associated with increased satiation and s&t/éf}; Whether LED meals improve LSP’s
acute appetite control is unknown; to date, studies have omlyaral LSP’s and HSP’s
appetite responses to one nfeal® To our knowledge, no studies have compared appetite
responses to LED and high energy dense (HED) meals iatibéygohenotypes. In terms of
appetite responses in women engaged in weight lossmpi@riant to assess not only
subjective appetite and intake, but also implicit preferefaresigh fat food. Dietary energy
reductions have been shown to increase the rewardingamduappeal of food$€® 2*) which
may impair dietary control. It is currently unknownether LED foods can prevent such

hedonic motivations previously found in the 'SP

Moreover, the impact of the LSP on weight loss idearc One study in men reported
that theLSP lost less body weight after a 16-week diet comparéise HSP®. Whereas
another study using male and female participants reporteffeeis of the LSP on weight
chang&?. As such, further studies which investigate specific $esn{@.g. women only) and
types of weight loss programs followed are needed torcotlfie role that the LSP has on

weight loss.

This study characterised women as LSP or HSP and compared lesgyhnd
changes in body composition after a 14-week weightdosgram (Slimming World, UK or
NHS Live Well program). Food intake and food preferencemdilknd wanting) in response
to LED and HED meals in LSP and HSP were also assessedatadinatory. Additionally,
the study compared LSP’s and HSP’s self-reported appetite control during the program. It
was hypothesised that compared to the HSP, the LSP woulg$sseody weight and body
fat, have smaller reductions in waist and hip circumfergexhibit weaker appetite control
under HED test conditions compared to LED test conditiorbyeport weaker appetite

control during the program.
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Methods

Participants

The study was conducted as a secondary analysis fromadlaetzied for a trial that is
reported in more detail elsewh&f&(ClinicalTrials.gov #NCT02012426). The current
analysis differs to the previous analyses (which reporfedteffor the overall sample), by
focusing specifically on satiety phenotypes. Based on prexésesrci® power calculations
in G*Power with an a of 0.05 and power of 0.80 showed that a sample size of 54 participants
would be sufficient to detect significant differences in weighange between satiety
phenotype$?. Ninety-six women who were overweight or obese and hahtigeenrolled in
a weight loss program were recruited. Participants wereaited from Slimming World, UK
group&? (n = 49) and the University of Leeds population and locd &n = 47). Only
volunteers who had recently enrolled in the Slimming WaJsld,program were recruited to
the Slimming World arm of the trial. Following recruitmegtitis group continued with the
Slimming World, UK program. Participants recruited from tthreversity of Leeds and local
area followed the NHS Live Well progr&h. Further details about each program have been
previously reporteéd”. In brief, Slimming World, UK is a group-based commerciaight
management program. The program advocates ad libitakeimtf LED foods and controlled
amounts of higher energy dense foods. The NHS Live Well anogg an online program

which recommends a daily 600 kcal deficit and provides dietatyphpsical activity advice.

Volunteers who indicated confounding health issues, wenegakedications that
affect appetite or weight, had received bariatric surgedycated an inability to eat the study
foods or follow study procedures were excluded (for full exatusriteria se€”). The study
was approved by the University of Leeds, School of Psyglyathics committee.

Participants provided written informed consent and received 280 study completion.

Design, measures and procedure

At week 1, body weight and height were measured (by a Slimmorg\WJK group
leader or University researcher using a stadiometerlantt@nic scales,) and participants
started their weight loss program. During weeks 2 and 14, iparits attended a morning
session at the University of Leeds, Human Appetite Resédmit, and under standardised
controlled procedures (overnight fast, 24-hour alcohstiaénce and no physical activity on
the morning of the session; compliance was checked up@alpthe following measures

were assessed: body weight and body composition [bodydatentage (%) body fat and fat-
4
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free mass assessed using air plethysmography (Bodpod, @p@adifornia, USA) in

minimal clothing], waist and hip circumference (measured bgaeher, average of two
measures), RMR (indirect calorimeter, GEM; Nutren Teddgy Ltd), resting blood pressure
and heart rate (Omron M10-IT digital blood pressure cuff) @sychometric traits (cognitive
restraint, trait disinhibition and trait hunger using THeee Factor Eating Questionnafd).
Other measures, specifically relevant to the larger study alsoerecorded but not reported

here*®),

To assess appetite control in response to energy densiigutaions, early on in the
program (week 3) participants attended the unit under standacdisedlled procedures
mentioned above (but with instructions to maintain simdéaels of physical activity across
days), and in a repeated-measures design were providediEitlot HED meals. Condition
order was counter-balanced across participants and eadhion was separated by a
minimum of 7-days in both weeks 3 and’¥2 The energy density manipulations were
repeated later on in the program (week 12). During thevaitbetween conditions (both at
the early late phase of the program), participants ey weighed food diaries and wore a
physical activity monitor (SenseWear Armband; BodyMeltia,, Pittsburgh, PA) which
assessed total physical activity and sleep duration, gsrénsisusly been describ&d. The
number of days between participants starting the weightasggram and completing the
measures session and test meal probe days were matabesiogram type. Thus,
participants from the Slimming World, UK and NHS Live Wellgram had been engaged in
a weight loss program for the same duration when bodyhivaigd body composition (M: 21
+ 6 days) and appetite control (M: 27 + 7 days) were assesshdgram of the overall study

timeline has been reported héte

Energy density

On test meal days, participants were provided with either a day of LED (<0.8 kcal/g)
or HED foods (>2.5 kcal/g) across breakfast, lunch, an evening meal and evening snacks.
Across both LED and HED conditions, the breakfast andhiypnovided 50% of total daily
energy needs (based on RMR X 1.4 sedentary physical ad¢vétls). The evening meal and
evening snacks were served to ad libitum (for more detaifs’e€&oods were sourced from
a UK supermarket except for the LED evening meal (beef chillicarne) which was
provided by Slimming World, UK and used in all LED test sessie@wafdless of weight
loss program being followed). Energy density was manipulateding LED and HED
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versions of products. For fixed meals, participants werenedjto eat the entire portion. For
the evening meal, participants were instructed to help #igasto as much or as little of the
food as they liked and to eat until they felt they had eamenigh. For snacks, participants
were instructed to help themselves to as much or asdittlee foods as they liked, to avoid
eating other foods and to avoid sharing the snacks. Mesits served four hours apart and
took place in the research unit. Participants could ldaeesearch unit between meals but
were instructed to fast and consume water only during thisheBbttled water was

provided to improve compliance. After each meal, participaates meal palatability

(appeal, pleasantness and satisfaction) on 100-mm aisakligue scales (VAS). Participants
took snacks home and returned left over packaging thedagxdo that intake could be

assessed.

Food intake and food preferences

To determine food intake, meals were covertly weighed prepasidconsumption
Weight intake was converted to El using food composititet®® and manufacturers’

nutritional information. Meal and snack intake were suchtoeprovide total day intake.

Implicit and explicit food preferences to LED- and HE®dis were assessed pre- and
post-lunch using the validated LFPQ (for details’8§eParticipants were presented with
sweet and savoury, LED- and HED-foods on screen, anddesasgplicit liking, participants
rated the pleasantness of each food. To assess imaiaitng, participants completed a
forced-choice task, whereby the food images were pairdtht@very image from each of
the four food types (LED/HED, sweet/savoury) were compareddoy@ther type over
repeated trials (food pairdparticipants were instructed to respond as quickly and aclyurate
as possible to indicate the food they most wanted to daatatime. Reaction times were
recorded and used to compute mean response times for eddlyde after adjusting for
frequency of selectioMean LED-food scores were subtracted from mean HED-$oodes
to provide a bias score for HED- versus LED-foddlgiher scores indicate greater preference
for HED- relative to LED-foods.
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Satiety quotient (SQ)

During the LED and HED test meal days, participants rated sivgjdaliness
sensations on 100-mm VAS immediately pre- and post- eaehand at hourly intervals
(“How hungry do you feel right now”, ‘0 = not at all’; ‘100 = extremely’)*”). The SQ was
calculated using the average fullness scores collected-aami 180-minutes post-breakfast
on the LED and HED probe days administered in the earlyeptfabe program. Fullness
ratings were used because of the appetite sensations (e.g., llesye to eat), fullness is the
strongest predictor of El, and it has been argued that $sliisehe easiest sensation to detect
due to its links with physical gastric distendidh Tertile splits were conducted on appetite
ratings recorded on the early probe days only to preveighiMess over the program
confounding the satiety phenotype categorisati®here was good internal reliability

between scores (Cronbach a = 0.65). The SQ was calculated using the following formula:

SQ (mm/kcal) = | 180-minutes post-breakfast fullness (mm) - fasting fullness (imm) X 100
Breakfast energy intake (kcal)

Appetite control during the program

Self-reported appetite control was assessed outsidaitheith questionnaires each
week. Participants were instructed to complete questiosnairé¢he same day and time each
week. Participants rated control over eating, ghili adhere to the program’s food choices,
adherence to the program overall and ease of adhering pootipeam on 100-mm VAS
(“How much do you feel IN CONTROL of what you're eating?”’; “Have you felt able to stick
to your plan regarding your food choicEs™ow WELL have you managed to stick with the
weight control program?”’; “How EASY do you find it to stick to your weight control

program?”).

Statistical analyses

Raw SQ scores from the early probe days in the full &amere initially included as
a covariate in an ANCOVA examining changes in body weightvbéen weeks 1 and 14
controlling for programme type. The week x SQ interactios significant, p=.003;p3=.11
and as such further analyses of SQ (comparisons of LGF®R) were conducted using

point estimates of lower and upper tertile SQ-scoregeSct4.5 were classified as LSP;

1SQ scores obtained at the early (HSP: 12.64 +SD 3.40; L&P+$D 2.76) and late phases of the program
(HSP: 9.59 +SD 6.16; LSP: 4.61 + SD 5.79) were significamtiyelated, r = .44, p = .001.
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scores >8.5 were classified as HSP. These cut-off poingsnallar to those used in previous
research?. Participants scoring 4.6 to 8.5 were unclassified and nloitied in further
analyses or figures to facilitate interpretation and visaabn of findings.

Outcomes were assessed in participants who completed thenstindyigible data
(completers analysis). For body weight and body compasitutcomes, separate intention to
treat analyses (ITT) using last observation carried fotwaeere also conducted to account for
participants that did not complete the study, provided thatveasaavailable (no data was
available for participants who withdrew before completindyetast meal sessiorf&) To
assess data collected from the SenseWear armbangsefaxy algorithms available in the
SenseWear software were used (SenseWear Professidnarsofersion 8.0, algorithm
v5.2). Total physical activity was calculated by summing thewarof time spent in
activities >1.5 METSs.

A Chi-Squared test showed that participants from each wieighprogram were
evenly distributed across the satiety phenotypes [LSRn8tig World n = 12, NHS Live
Well n = 14; HSP: Slimming World n = 13, NHS Live Well n = 13; X(1)=08.78].
Program type and percentage weight change up to the week 2 reesession was included
as a covariate in all analyses except ftests and unless specified. For concision, results are

reported for covariates only when covariates were significa

To compare the characteristics of the satiety phenogipesek 1, ANCOVAs were
conducted. Mixed-ANCOVAs were used to compare changes in baghtvand
composition between satiety phenotypes. To controltéotisg body weight and
composition, percentage change in body weight outcontegér satiety phenotypes were
compared. Mixed ANCOVAs were used to compare food intake artifceferences in the
satiety phenotypes under LED and HED conditions. To aspessite control during the
program mixed ANOVAs were used to compare ratings betweenysaliehotypes across
weeks. Significant interactions were explored with tstestless specified. Averages from
early and late probe days were computed where necessanjtsReere considered
significant if p<0.05 except for tests with multiple companis, whereby a more
conservative p-value was used to account for multiple compar{€005 divided by the
number of comparisons). The analysis reports resulthéocomparison between LSP and
HSP only. Overall changes over weeks for each outcome havieysly been reported for
the full sampl€?. Data are presented as means + standard deviation (95%ecmefid

intervals: lower, upper) unless specified. For concision, whtiple results are reported,

8
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the most conservative p-value is provided. Partial etarsdu#) is reported for effect sizes
and interpreted as 0.01 small, 0.06 moderate and 0.14 d8Nargealyses were conducted
in Statistical Package for Social Science (IBM SR&8&ion 24).

Results

Sample characteristics

Of the 96 participants (age: 41.24+12.54 years; BMI: 34.02+3.58kgen
withdrew and six were excluded (ineligible f=8xtreme weight gain n=1, broken leg n=1;
medical condition n=1). One participant could not begifeed to a satiety phenotype due to
missing appetite ratings. The remaining 79 participants wassitted as LSP (n=26), HSP
(n=26) or unclassified (n=27). Data from four other participavere available for ITT
analyses (LSP n=2, HSP n=1, unclassified n=1).

Baseline characteristics for the LSP and HSP that coeaptae trial are shown in
Table 1. By definition, the LSP’s SQ was significantly lower compared to the HSP. With the
exception of blood pressure, no baseline outcomes signifiadifféred between satiety
phenotypes. The LSP had significantly greater resting l&ysted diastolic blood pressure

that remained significant when controlling for body weight bady mass index (BMI).

Changes in body weight and body composition

Results for changes in body weight and body compositiwmot differ between
completers and ITT analyses unless stated (see TaAlb&}HSP lost significantly more
weight compared to the LSP as qualified by a significant we#tenotype interaction on
body weight (p=.02p?=0.10) (approached significance in the ITT model, p=p%0.05}.

For body composition outcomes, data was missing for &jpamts due to a technical
fault (LSP n=7). In response to the technical fault, 4 participants’ (LSP n = 1) data was
collected in weeks 1 and 14 with bioelectrical impedance (mMi®#@4L8MA, Tanita, Europe,
UK) and due to the consistent method of assessment ineatks the data was retained in

the analysis. Changes in fat mass and %fat did not signify differ between satiety

“Two were long term members of Slimming World, UK ardidgeoup sessions, and one had a confounding
health issue identified after study enrolment.

® Percentage weight change at week 2 was a significant predlisteight change at week 14 (%) (p<0.001,
yp*=0.40). Greater weight loss at week 2 was associated witHicantly greater weight loss at week 14 (r =
.71, p<0.001)
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phenotypes (p=.16;p?=0.05§. In completers, there was a significant week x satiety
phenotype interaction on fat free mass (p=y@4+0.10) (nonsignificant for ITT, p=.09,
yp?=.06), but post hoc comparisons did not reveal any ssgnifidifferences between
phenotypes (p=.06). Waist reductions were significantly greateéhé HSP compared to the
LSP (week x satiety phenotype interaction on waist oifevence, p=.02;p?=.12) and
remained significant when controlling for starting waistwmnference (p=.02;p?= 0.13).
Changes in hip circumference did not significantly diffeamieen satiety phenotypes (p=.10,
np?=0.06).

Food intake and food preferences

Snack and total day intake data were missing for two particphug to non-returned
snacks (LSP n=1). The LSP’s and HSP’s mean energy intake for fixed meals, evening meals
and evening snack are shown in Figure 1. Evening meal and total dai/not significantly
differ between satiety phenotypes (p=.67=0.07), but LSP’s snack EI was significantly
greater compared to the HSP (p=2~0.11). There was a significant condition x satiety
phenotype interaction on snack intake (p=#»4=0.09), which showed that under LED
conditions, LSP’s snack energy intake did not differ to HSP’s snack energy intake [mean
difference: 63 £SEM 43 kcal (24, 149}.p5). Whereas, under HED conditions, LSP’s
snack intake was 289 +SEM 133 kcal (22, 556) higher aesdpo HSP’s snack intake

(p=.03).

For gram intake, snack, evening meal and total day gram intdketddiffer between
satiety phenotypes (p=.08,°=0.08). There was a significant condition x satiety phgrety
interaction on evening meal gram intake (p=.0@30.17), but post hoc comparisons failed
to reach significance (p=.16). No other condition x sapdgnotypes interactions on gram

intake were significant and there were no significant dates for gram intake.

For food preferences, independent of programme’type LSP showed a greater fat
bias for HED-foods compared to the HSP who showed a greatdoblasD-foods, p=.007,
yp®=0.18 [explicit liking: LSP: 9.01+SEM 3.48 (1.96, 16.06), HSP: -5.98+SE57T (-13.20,
1.25); implicit wanting: LSP: 17.10+SEM 7.08 (2.76, 31.44), HSP: -14.26+328 (-
28.95, 0.44)].

*Percentage weight change at week 2 was a significant atevafichanges in percentage body fat (completers
and ITT) and body fat mass at week 14 (ITT only). Greateghtédss at week 2 was associated with greater
reductions in body fat mass and percentage body faeek &4 (r = 42, p = 0.004)

°Programme type was a significant covariate for likind santing (p=0.03;p>=0.12)
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Breakfast and lunch meal palatability ratings did not difgtween the satiety
phenotypes (p=.23p?=0.03). Across conditions, the LSP rated the evening rasdéss
appealing, less pleasant and less filling compared to the HSB3(ps°=0.10) (program type
was a significant covariate for appeal and pleasantped33,7p?=0.09). Satisfaction ratings
for the ad libitum evening meal did not differ between phenatype.09/p?=0.06)
(program type was a significant covariate of evening naafaction, p=.044p?=0.09) (see
Table S1).

Appetite control during the program

Compared to the HSP, the LSP felt significantly less mrobover what they were
eating, less able to adhere to the program generally and flmotthehoices encouraged by the
program, and found the program more difficult to followe(3able 3).

Food diaries, sleep and physical activity

Analysis of the food diaries completed at the start auadod the program showed
energy intake did not differ between satiety phenotypes [B881 +SEM 322 KJ/day (6233,
7530); HSP: 6254 +SEM 322 KJ/day (5606, 6902; n=25), p5#80.04]. Analysis of the
physical activity monitors worn at the start and end optiegram also showed that sleep
duration (LSP: 7.06 £SEM 0.19 hours/day [6.67, 7.45]; HS®7 £SEM 0.17 hours/day
[6.63, 7.32], p=.73yp?=.003) and total physical activity did not differ between phgrexy
(LSP: 4.29 +SEM 0.45 hours/day [3.38, 5.21], HSP: 4.65 +SEM 0.39 houf8/8ay 5.45],
p=.56,7p?=0.01).

Discussion

In this study over a 14 week weight management progranh,3Rdost less weight
and had smaller reductions in waist circumference comparbe tdSP. Changes in body fat
mass, %fat massattfree mass and hip circumference did not significantfiedibetween
phenotypes. On test meal days, under HED conditions, tRech8sumed significantly more
energy from snacks compared to the HSP. Under LED condiidrtid not significantly
differ between LSP and HSP. Additionally, across condstitime LSP showed a greater drive
for HED-foods compared to the HSP who showed a preferencé&foffbods on the LFPQ.

®Food diary data n = 50, missing data due to non-returned diaS&sl= 1; HSP n = 1)
"Physical activity and sleep total n = 39 participants (LSPLA). Missing physical activity and sleep data due
to invalid data [<5 days (including <1 weekend day)] (n = 11) or technical issues (n = 2).
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The LSP also reported less control over eating, andiftheaweight loss program more
difficult to adhere to compared to the HSP.

Lower weight loss in the LSP is consistent with orevjmus study in men, which
reported that the LSP lost less weight over 16-weeks cothpatbe HSB”. The
differences in weight loss between satiety phenotyge similar across studies (current
study: -3.1% versus -6.4%, previous study: -3-3® % versus —5-4 to —6-6 %). Thus, the
current findings confirm that the LSP is linked with pooseight loss outcomes, and
extends this finding to women. Yet, not all studies havertegahat the LSP is linked with
less weight loss, with one study reporting no efféttsTo explain the mixed findings it has
been suggested that the LSP may be particularly infliembien participants are following a
satiating diet, and less influential when the LSPfalfewing an energy restricted dféf.
The current findings do not add support to this explanationras participants were
following an energy restricted program. Therefore, wilikecurrent study reported effects in
a women-only sample, it remains unclear which aspect®aample or program may affect
the extent to which the LSP will influence weight loss. Nthedess, the impact of the LSP
on appetite control and weight loss reported here,argistent with previous research
highlighting that managing appetite control is one of thexrohallenges to weight [0S
The current findings extend previous research by confirmirighbkee are particular
individuals who are least able to detect sensationdloéfis, and ultimately have greater
difficulty losing weight. This finding has important implicais for weight management
strategies. For example, weight management programs saelein participants in the early
phases of the program to identify individuals who report &wabdity to detect fullness
sensations, and offer additional support or dietary stestdlyat promote satiety (e.g. low
energy density strategies) to optimise weight losaureutesearch should assess whether such

additional support provided to the LSP can optimise weigst ilo this group.
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However, it is also important to note that there wereignuificant changes in body
composition between the LSP and HSP. The lack of signifaiffetences in body
composition could be due to a low sample size becausedomajyosition data could not be
collected for a sub-sample of participants. It could Alsaue to body fat being measured in
week 2 and not at the start of the weight loss programweight change (%) at week 2 was
a significant covariate of weight change and changés imass and percentage body fat at

the end of the program. Thus, significant differenads/ben phenotypes for changes in body

fat might have been observed if it had been possible tesabsdy fat at the start of the

weight loss program.

Findings from the test meal days suggest that the lowehiMess in the LSP was
due to weaker appetite control. The LSP exhibited a greaterfdriED-foods and under
HED conditions consumed more snacks (kcal) compared to theT&Rcorroborates
previous research which reported that the LSP exhibitedadegrdrive for high fat-foods and
consumed more energy compared to the HSP(11). Other te$earalso shown that the
LSP show psychological characteristics linked with oating such as greater night eating
symptoms, external hunger(14) and trait disinhibition(10, Mbyeover, in this study during
the weight loss program, the LSP reported less contesl@ating and more difficulty
adhering to the program compared to the HSP. It seems tlihefhEP, detecting fullres
sensations and controlling El is more challenging compartetblSP, and over time this
leads to less weight loss. These findings are importaauleonhile previous research has
shown that the LSP is linked with less weight loss $iudy provides support that the
inferior weight loss is due to weaker appetite control in,l&Z8Andicated by objective and
self-report measures. Of note, unlike previous research(1the LSP did not score
significantly higher on trait disinhibition compared te tHSP. While there was a trend for
the LSP to score higher compared to the HSP, this may wetden significant because
trait disinhibition was measured at week 2 of the weigdg frogram. Trait disinhibition can
decrease during weight loss attempts(32), thus it mightdierteasuring trait disinhibition at
week 2, rather than at the start of the program minimeedpportunity to observe
significant differences between satiety phenotypes. Axfditly, the food diaries did not
reveal differences in self-reported intake (possibly due demaporting and imprecision of
self-reported dietary intak€d **). But, the lack of differences in objectively assessed
physical activity and sleep duration, add support that the elifters in weight loss between

satiety phenotypes were attributable to LSP’s weaker appetite control.
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For the first time, this study compared LSP’s and HSP’s appetite response to meals
varying in energy density. Previous research has only exanppedita responses in the
satiety phenotypes to one type of meal, where energgitgddras not been manipulated (e.g.
(1.1%) The current findings showed that the LSP only consumed giglatempared to the
HSP when consuming HED foods, not LED foods. Thus, the LSPomayost susceptible to
overconsumption when consuming HED foods, while LED foodpoavent excessive El in
LSP. This has important implications for our obesogenicrenment where energy dense
foods are readily availal$f@. Indeed, under LED conditions, the LSP consumed moresgram
of food compared to the HSP, but evening meal and snack Ebddifier. These findings
suggest that LED meals provide an effective strategyn®tEP to eat larger quantities of

food without consuming excessive energy.

Interestingly, at the start of the trial the LSP hadtgeresting systolic and diastolic
blood pressure compared to the HSP (albeit, average valuestillevéhin clinically
normal ranged?), even after controlling for starting body weight and BR8.far as we are
aware, no other studies have reported differences in blosdypeebetween the satiety
phenotypes. Caution is needed interpreting this differestdoad pressure can vary due to a
number of factors beyond satiety phenotypes, but grblated pressure is consistent with the
characteristics of the LSP or low satiating efficiepegfiles that previous studies have
identified. For instance, stress, intake of high fatiky@mverconsumption and shorter sleep
durations are factors associated with high blood pressatgtevious research has identified
in the LSP14 3" More research is needed to support and explain this finloling

indicates that the LSP may be associated with widathhamplications.

There are a number of limitations with this study whidamthe findings should be
interpreted with caution. Firstly, due to restrictions ocegsing and recruiting volunteers,
the study could not obtain baseline appetite measures pgoggement in the Slimming
World, UK or NHS Live Well weight loss programs. This ipesially of concern because
participants were recruited from two different weight lpssgrams. Whilst, prior % weight
change during the program (and program type) was controlled fbe analyses, it remains
possible that the first weeks of the programs affected ippesponses and the satiety
phenotype grouping rather than the grouping being based on undeappetite traits per se.
Therefore, study findings need to be interpreted with caatdnfuture research should
include true baseline appetite measures and recruit frerweight loss program to confirm

the role of satiety phenotypes on weight loss. Itge anportant to note that tertile splits
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were conducted on the data meaning that 27 unclassified partgipare not included in the
data analyses. Tertile splits were used to be consstémprevious research to allow for
cross study comparisons. However, even though an ANCOVA figeintaw SQ scores as a
significant covariate on body weight change, it is nadrclehether the estimated effect
applied to the unclassified group. This is important as thiassified group also had a BMI
classified overweight or obese, and research needs to ydefi¢i€tive strategies for weight
management for this group as well as for the LSP. Tudystesign was also limited by the
absence of a control group not engaged in weight loss. It eeuldeful to compare weight
changes, food preferences and food intake in resporeseetgy density manipulations in a
group not engaged in weight loss. Also, the ad libitum mealsde® access to only LED- or
HED-foods. The LSP might have opted for HED-foods if/thwere available in the LED
conditions, especially as the LSP showed a high driveliiD-foods across both conditions
as measured by the LFPQ. Further research could providecticelof LED- and HED-food
options at the ad libitum evening meal and assess food cnudcetake. Methods to assess
weight also varied with participants being weighed onescdlring week 1 and weighed
under standardised conditions (fasted) using air plethyspbgrin week 2 and 14. However
all participants underwent these mixed methods of assessme as such, the resulting
variance was unlikely to have differed between the sgtie¢yotypes. Additionally, appetite
control was assessed behaviourally and it would be useffutfoe research to incorporate
biomarkers of appetite control to further characterisd.®P and HSP. Menstrual pleas
(date of last cycle and average cycle length) was asbdssing study screening and of the
completed responses, at the start of the weight manag@nagram there did not appear to
be a difference in the number of LSPs and HSPs in tleutar or luteal phases. However, a
number of participants did not provide complete answerspmrted either irregular or no
menstruation (n = 30) meaning no formal analyses on thiscdatd be reported. Therefore,
future studies should collect more information on menspnase and control for its possible
influence on appetite control on the test meal daglsraight chang@® 3% Finally, the study
was slightly underpowered by two participants and the bodhposition analyses were
conducted on a sub-sample of participants. As such, aéiplicof these study findings in
larger samples and different populations, along withesyatic reviews and meta-analyses of
multiple studies are recommended before informed conelasibout the impact of satiety

phenotypes on weight loss can be drawn.
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Conclusion

The ability to resist the drive to eat varies from persoperson. This can be measured
by the strength of satiety responsiveness. Low satigbpnss/eness is detrimental for
weight loss but LED dietary strategies may improve appebiterol in the LSP. Further
research exploring these satiety behavioural phenotggeghly warranted.
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Table 1. Mean + SD (95% confidence intervals) baseline characteristiche low and high satiety phenotypes.
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Low satiety phenotype (n = 26) High satiety phenotype (n=26) p np?
SQ (mm/kcal) 1.05 + 2.76 (-0.06, 2.16) 12.64 +3.40 (11.27, 14.02) <.001 .77
Week 2 weight change (%) -2.12 + 1.64 (-2.79, -1.46) -2.97 £1.60 (-3.61, -2.32) .06 .07
Age (years) 39.31 +11.33 (34.73, 43.88) 44.54 +12.06 (39.67, 49.41) 14 .05
Height (m) 1.65 +0.06 (1.63, 1.68) 1.63 +0.08 (1.60, 1.66) 43 .01
Weight (kg) 94.42 +13.39 (89.02, 99.83) 90.99 +13.72 (85.36, 96.44) .56 .01
BMI (kg/m?) 34.41 + 3.61 (32.95, 35.86) 33.99 + 3.40 (32.61, 35.36) .84 .01
Fat mass (kgj 43.52 +£11.50 (37.98, 49.07) 40.92 +9.60 (36.96, 44.88) .35 .02
% Fat® 45.89 + 6.97 (42.54, 49.25) 45.92 + 4.59 (44.02, 47.81) .81 .01
FFM (kg)® 50.25 + 6.58 (47.08, 53.42) 47.34 £ 5.69 (45.00, 49.69) .35 .02
RMR (kcal/day) 1750 + 280 (1637, 1863) 1628 + 243 (1533, 1722) .23 .03
Waist (cm)’ 109.64 + 13.36 (104.12, 115.15)  108.21 + 11.26 (103.46, 112.97) .73 .01
Hip (cm) 118.12 + 11.15 (113.61, 122.62)  116.75+10.23 (112.61, 120.80) .99 .00
Systolic (mmHg}f 122.44 £ 13.71 (116.91, 127.98)  111.76 + 12.15 (106.74, 116.78) .01 13
Diastolic (mmHg)° 84.29 +11.16 (79.78, 88.80) 75.58 £ 8.63 (72.02, 79.14) .01 14
Heart rate (bpm)* 63.96 + 8.35 (60.52, 67.40) 61.82 £9.12 (58.05, 65.59) .69 .01
Fasting glucosé 4.84 £0.78 (4.51, 5.16) 4.90 +£0.64 (4.64,5.17) .81 .01
TFEQ Restraint 9.50 £ 3.17 (8.22, 10.78) 8.69 + 3.33 (7.35, 10.04) 15 .04
TFEQ Disinhibition 10.54 +3.18 (9.25, 11.82) 9.92 +£2.92 (8.74, 11.10) .99 .00
TFEQ Hunger 7.23 + 3.54 (5.80, 8.66) 5.96 + 3.14 (4.69, 7.23) .50 .01

Note.
4 SPn=19; HSP n = 25.
SP n = 25; HSP n = 24.

‘HSP n = 25; Comparisons controlled for weight loss program acdmiage weight change at week 2.

9LSP n=25; HSP n = 25.
BMI = body mass index.
SQ = satiety quotient.

Week 2 weight change refers to percentage weight changestantieg the weight loss programme and the measures session eshipletek 2.

TFEQ = Three Factory Eating Questionnaire.
Comparisons between the low and high satiety phenotype.
*n<.05 different from LSP, controlling for week 1 body weight dody mass index.

***p<.001 different from LSP
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Table 2. Mean = SD (95% confidence intervals) changes in study outcom#geflow and high satiety phenotypes in completers andbastvation carried
forward analyses (LOCF).

n Low satiety phenotype  High satiety phenotype p yp?
% weight change
Completers 52 -3.11+3.43(-4.49, -1.72) -6.35+4.23 (-8.05, -4.64) 0.02 0.10
LOCF 55 -3.19+3.39 (-4.53, -1.85) -5.88 £4.50 (-7.63, -4.14) 0.08 0.06
Weight (kg)
Completers 52 -2.89+3.08(-4.13,-1.64) -5.71+3.65(-7.19, -4.23) 0.02 0.10
LOCF 55 -2.97+3.04 (-4.17,-1.76) -5.28 +3.93 (-6.80, -3.76) 0.08 0.06
Fat mass (kg)
Completers 44  -0.91+2.02(-1.88,0.07) -2.69 +3.19 (-4.01, -1.37) ns 0.01
LOCF 47 -0.93+1.97(-1.85,-0.01) -2.28 +3.42 (-3.63, -0.93) ns 0.01
Percentage fat
Completers 44 -0.64 +1.41(-1.32,0.04) -1.60+2.68(-2.71, -0.49) ns 0.01
LOCF 47 -0.60+1.38(-1.25,0.04) -1.35+2.75 (-2.44, -0.26) ns 0.01
Fat free mass (kg)
Completers 44* 0.22 +1.20 (-0.36, 0.79) -0.42 +1.09 (-0.88, 0.03) 0.04 0.10
LOCF 47 0.13 +£1.23(-0.45, 0.70) -0.39 + 1.08 (-0.82, 0.04) ns 0.06
Waist Circumference (cm)
Completers 4 -0.66 +3.97 (-2.30, 0.98)  -3.30 £ 2.84 (-4.50, -2.10) 0.0 0.13
LOCF 49 -0.66 +3.97 (-2.30,0.98) -3.30 +£2.84(-4.51,-2.10) 0.0 0.13
Hip Circumference (cm)
Completers 52 -0.21+4.86(-2.18,1.75) -2.54 +£4.28 (-4.27, -0.81) ns 0.06
LOCF 55 0.28 +4.78 (-1.61, 2.17) 2.19 +4.33 (0.51, 3.87) ns 0.04
Note.

Negative values indicate decreases between weeks.

All comparisongontrolled for weight loss program (Slimming World, UKNIHS Live Well program) and weight change at week 2 (%).
%For fat mass, percentage fat mass and fat free maasyaatmissing from eight participants due to a fault wiehBodPod.

®Missing data from three participants due to measuremensig§suesatiety phenotype n = 1).
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‘Remained significant when controlling for starting waistuinference (p <.05).
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Table 3.M + SEM (95% confidence intervals) self-reported appetterol during the program for the low and high satiety phenotypes.

Low satiety phenotype High satiety phenotype p  pp?
How much do you feel IN CONTROL of what you're eating? 50.3 +4.6 (40.9, 59.7) 73.0+£4.7 (63.4, 82.7) 0.01 0.19
Have you felt able to stick to your plan regarding your foodass4i 43.6 +4.1 (35.3,51.9) 61.9 £4.2 (53.4, 70.5) 0.01 0.18
How WELL have you managed to stick with the program? 39.8 £4.3 (31.0, 48.6) 60.1 +4.4 (51.0, 69.1) 0.01 0.18
How EASY do you find it to stick to your weight control progfam 46.6 + 4.8 (36.8, 56.4) 66.0 £5.0 (55.9, 76.1) 0.05 0.12

Note.

There was missing data for 17 participants due to non-retupnestionnaires; total sample size n = 35 (Low satiety phenatyp&g).
Responses ranged from ‘0 = not at all’ to ‘100 = very’.

All comparisons controlled for weight loss program (Slimmingrid, UK or NHS Live Well program) and weight change agkve (%).
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