THE EFFECT OF DIETARY PROTEIN ON SATIETY AR
WEIGHT LOSS DURING INTERMITTENT FASTING IN
OVERWEIGHT AND OBESE WOMEN

by

Nada Alzhrani

Submitted in partial fulfilment of the requirements
for the degree of Doctor of Philosophy

at

Dalhousie University
Halifax, Nova Scotia
September2023

©Copyright by Nada Alzhrani 2023



DEDICATION PAGE

To my husband, my parents, my kids, and my siblings thank you for
all of your support, guidance, sacrifice, and many memories. |
dedicate this dissertation to you with an apology for every moment of

my shortcomings because of my preoccupation.



Table of contents

LUST OF TABLE ...t a e eeeaa s Vii
LIST OF FIGURES........o ittt e e e viii
AB ST RAC T .ottt et e e e e e e e et e e e et e e e e et eeaa e aeaaans ix
LIST OF ABBREVIATIQNS......oueiiiiiie et e e e eaaan X
ACKNOWEDEMENTS ... .ot e et e e e aaaa s Xi
1.1. CHAPTERINTRODUCTION......uuiiiiitiiiieieiieeeeiriee e e e e et e e e esan e e eeaans 1
1.2. OBESITY AND METABOLIC DISEASE.RISK ...ccuuiiitiiiiiiieiiieeitieeeeieeeeteeesteeeenneeesneeeenns 2
1.3. DIETARY PROTEIN REQUIREMENT.....uuciituieitieettieeetieeetteeeetneeesneeesneesaneesnneeesneesnnd 4
14, ATETK X X XX XXX XXX XXX XXX XXX XXXXXXXXXXEXXXXXX
1.4.1. External factors affecting satiety.............ccccoeeiiiiiiiiiiiiieeees 7
1.4.2. Internal factors affecting satiety...........ccccoovvvvviiiiieeiieieeees 8
1.5, PROTEIN AND SATIETY. . cittttieetitieeeeetiieeeeetteeeeerteeesestneeesestaaesestnaeeresnaeersnnnnns 10
1.5.1. Effect of high protein meal on satiety (sha@erm)............................. 10
1.5.2. Effect of high protein diet on satiety (IoAgrm) .................ccceeeeeieienn. 12
1.6. MECHANISMS BEHIND THE EFFECT OF HIGH PROTEIN INTAKE.ON.SATIETY............. 13
1.6.1. AMINO ACIAS .. .cceiiiiiiiiiiiee et e e e et e e e e e e e e a e e e e e e 14
1.6.2. Other dietary faCtors...........oooviiiiiiiiiieeeee 15
1.6.3. GIUCONEOGENESIS....ciiieeiie e et 16
1.6.4. TNEIMOQENESIS.....uuuturieieiiiiiii s e e s e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaees 16
L1.6.5. INSUIN...uiiiiece e e e e e e e e eaaaans 18
1.7. DIETARY PROTEIN AND BODY WEIGHT IN A REEINRFRTEDIET.......ocevvneeiiieeiieeennnnns 18
1.8, VISUAL ANALOG SCALE .tuuiiteeit et e et e e e et e e et e et e e et e e et e e e e e ean e e e aaeeenans 19
1.9. IER XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXRXXD
1.9.1. IER definition, and tYPES. ......ueeiiiiiiiiiiiiiiieeeieee e 20
1.9.2. IER ANA hEAItN......veeeieee e e 21
1.10. RESEARCH PROBLEM........ciotiiii e 29
I @ = =0 Y =3 TP RUPTROt 30
D o = ) =] =t TSP 30
1.13. STUDY SCOPE AND FRAMEWORK. ....uettuneirteeetitersieseseessneesstaeeesneessnaeeesaessnneesnns 31
REFERENGCES........coot oottt ese e e e e e e e e e e ea et e e eaaneees 32
CHAPTER COMPARISON OF PLAWMERSUS ANIMARASED PROTEINS ON SATIETY:
A SYSTEMATIC REVIEM.....couiii et eaan 45
A B A =1 =YY o p PR PRT 45
2.2. INTRODUCTIQN. . ..ottt et eer e et e e e e e e e aaneeeed 46
2.3, METHODS. .. ... ettt e e e et e e e e e e e ermeeas 47



2.3.1. SEAICH StrAt@QY......uuuuuuururiiiiiiiirrra et s e e e e e e e e e e e e e e e e e e e aa e e e e e e e e e e e e e e eereeeees a7

2.3.2. Selection and EXClUSION CrteIIa........ceevevviieiiiiiiiieeiieeeeeve e eeann 48
2.3.3. Data EXIraCtionN.........uiiiiiiiiii it e e e e e e e eees 48
2.3.4. Risk Of DIas aSSESSMEINL........cccvvuiiiiiii e ea e 48
24, RESULTE X X X X X X XX XXX XXX XXXXXXXXXXXXXXXEXXXXXX
2.4.1. StUAIES INCIUAEA.......coveiiii e 49
2.4.2. CharacteristiCS Of TralS........coooiiveiiiiiie e 57
2.4.3. BlINAING. ..o ———— 57
2.4.4, PaArTiCIPANTS....ciiiiieiiiieiiiiie et e e e e e e e e s e e e e e e e e e e e 57
2.4.5. Satiety MEASUIEIMENTS......uuuuiiriiiiiiiiirrrsr e e e e e e e e e e e e e e e e e aaeeaeeeaaeeeees 58
2.4.6. The effect of protein Sources on Satiety..........cccuvererieeeereriiiiiiiiieieeees 58
2.4.7. The risk of DIasS aSSESMENL.........oiiviiiii e 60
2 TR B 1T U ST ] P 62
2.5.1. High protein CONEME. ......coiiiiiiiiiiiie e 62
2.5.2. Normal protein CONTENL..........eeiiiiiiiiiiiee e 63
2.5.3. Supplemental protein and Satiety..........cccceeeriiiiiiiiieiiiieeee e 64
2.5.4. Whole Food Meal and Satiely.............ueeiiiiieiimiiiiiiiiiiieieee e 65
2.6. LIMITATIONS AND IMPLICATIONS. .. .ttuitniienieenteetiestiesueessseeseeasrasransranessnresnsesnseess 65
A A @ ][] I 1= [ 66
REFERENGES...... oottt ettt e e e eee e e e et e e et e e e et e e sa e e e seneees 66

CHAPTER SNTERMITTENT ENERGY RESTRICTION COMBINED WITH A HIGH
PROTEIN/LOWROTEIN DIET: EFFECTS ON BODY WEIGHT, SATIETY, AND

INFLAMMATION: A PILOT STUDY....ciiitiiiiie e eeeeetee ettt 72
I F0 A = o I =X 0 PP 72
G J0Z [N =30 110 1) N PP 73
3.3. MATERIALS ANVIETHODS ...t iiiitiieeteiiie e e eeie e e e et e e e etas e e e eatn e e s eaan e e e eeaa e e e ensnn s 15
3.3.1. PaArtiCIPANTS....cciiiiiiieeiieiieee e 75
3.3.2. StUAY DESIGN.....cc i 76
3.3.3. Dietary INtErVENLIONS........ccvviiieiiiiiiiieie s e e e e e e e e 76
3.3.4. AnthropometriC MEASUIES............ccceeiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeee e 78
3.3.5. BlOOA TESIS....uuuiiiiiiece et 79
3.3.6. Hunger, Satisfaction, and FUlln@ss............ccviiiiiiiiiiiiiiiii e, 79
.37, AQNBIENCE. ... e 80
3.3.8. Statistical ANAlYSIS.........ouiiiiiiiieic - 80
34, RESULTE X X X X X X X X XX XXX XXX XXXXXXXXXXXXXBEXXXXXXX
3.4 L. PaArtiCIPANTS....coiiiiiii e e e e e e e e e e aaaaa 81
G B = o | )4V =] 81
3.4.3. WAISTORCUMFERENGCE. ......cttittiieeieiteeeeetteeeeettseeeetaaeeeesaaeeeseanneeeeanannns 82
B, CRIP. i ——————————— 83
3.4.5. FASHNG GIUCOSE.....ceiiiiiiiiiiiiiiie e 84
B G Ty | = 2 85
3.4.7. BEFFECT OBRDER OROTATION ORESULTS...ccctttuiiieieeeeeiiiiiinnseeeeeernnnnneeeeens 85
3.4.8. ADDITIONAOBSERVATIONS......ccitiiieiiiieiietttieeeeeeeeeeeeseeessssssssssnssnnssnnnnnnnnn 85



3.5, DISCUSSION. ..ctuuiiiiitii ettt ettt e e e e b e e e et e e e et e e e e aa e e e eenan s 86

3.5.1. Weight Loss and Waist Circumference...............ccccccceeevviiiniiiniennnnnn, 86
3 5.2, R 86
3 5.3, BLUCOSE . tttttiiiiiiie e e e e sttt ettt e e e e e e sttt e e e e e e e e e e e et r e e e e e e e e e e a s 87
3. 5.4, ADHERENCE . ..ctttttteitiiiiittitttteetaae e e s s s s sttt bttt e e e e e e e e s s asnbbbreeeeeeeaeeesssanans 88
3.6, LIMITATIONS. ... iiiiiiitttteteee e e e e e e e e sttt et e e e e e e e s s st b bt e et e e e e e e e ss bbbt b reeeeaeeeeeennns 89
3.7, CONCLUSIONS. ..tttttteeeeeeastittteettee e e e e e e e s s sttt e et et e e e e e e e e s s s sbbbb b et e e eeaeeeeeeanansneneeees 89
REFERENGCES...... ..ottt 89
CHAPTER 4: THE EFFECT OF DIETARY PROTEIN ON SATIETY AND WEIGHT LOSS DURI
INTERMITTENT FASTING IN OVERWEIGHT ANDNIBEASH. ............ccoevvvveeeee 95
= 1oy 1= Y o PP UPPPTTR PP 95
4.2 INTRODUCTIQN ..ttt eeeeeeeettttuaaeseeeeestusaaaeeeseeessssaaassaaeeessssnanaaeaaaeeesssnnaaeeeasessnes 96
4.3.METHODE X X X X X X X X X X X X X X XXX XXX XXXXXXXXXOX X XXX X X
4.3.1. PaArTiCIPANTS. ..ottt e e e e e 97
4.3.2. Sample Size CalCUIALION...........cooiiiiiiiiiieeeeeee e 98
4.3.3. RECIUITING PrOCEUULE......ceiiiieeeiiiiiiitieee ettt e e 98
4.3.4. ReSearCh Plan........cccccuuiiiiiiiiiie e 100
4.3.5.Data COIECHION. .....ccceeieeee e 104
4.3.6. DAta @NAIYSIS.....uuuieiiiiiiieeiiiei e 106
44, RESULTE X X X X X X X XXX XXX XXX XXXXXXXXXXXXXBXXXXXX
4.4.1. Participant recruitment and follOVaP............oooviiiiiiiiiiiiiii 106
4.4.2. Effect of dietary protein with energy restricted energy diet on body weight
status and waist CIrCUMIEIENCE. ..........ccevviiiiiiiiiiiiieeee e 110

4.4.3. Effect of dietary protein with energy restricted energy diet on satietyt13
4.4.4. Effect of dietary protein with energy restricted energy diet on health

1T T07= 1 (0] £ 118
T D =T U 11T ] R 125
4.5.1. Effect of protein content on body weight.....................cc 125
4.5.2. Waist circumference and protein Content.............cccceeeeeiiiiieeeieieeeeennn. 126
4.5.3. SALEY...cciiiiii e ———— 128
4.5.4. Greactive Protein..........ccooeeeeiiiiii e 131
4.5.5. LipidS Profile.........uuiiiiiiiieeiii e 132
4.5.6. Hemoglobin ALC (HDALC).....cooviiiiiiie e 135
4.6, LMITATIONS AND IMPLICATIONS. ..t uitutitniitteitieetseanesaneesnesnessneeesestiesssranerseseas 136
A @ o ] N[ I U £ [ N 137
L o o AN L O 137
CHAPTER 5: BENEFIT&RP BARRIERS TO UTILIZING TELEHEALTH TO DELIVER
DIETARY INTERVENTIONS. ... oot eee e 145
L TR T A= 1S = Y 145
LT [N 1 =0 56 T o] N 146
5.3. BARRIERS TO UTILIZING TELEHEALTH. c.uuittteeitieeeteeeetieeeteeesteeesneeesneesnneessnnees 147



5.3.1BLOOD TEST APPOINTMENT.S .. ttttuuieetttneeteruneeeestnneesessneesesnneesnssnsesessneesesnnns 147

5.3.2. Satiety MeasUrEmMENLS......ccooeeiiiii i 149

LTRSS T =To oo 1] 7= 1 (- TR 150

5.3.4. AnthropometriC MEASUIEMENTS.........uuuurreiiiiiiiiree e e e e e e e e ee e e e e e e e aaaaeeeas 151

5.3.5. Food scale and waist circumference delivery...........ccccccvvvvvinnnnnnnnnnns 152

5.3.6. Other diffiCUIIES ... ccn e 153
5.4. THE BENEFITS OF TELEHEALTH METHOD IN THE.STULY. ..t tuntrteeeeeneeneenaeeneeneenns 154
LIRS TR € o] N o WU 1] (o] N 1P 156
REFERENGCES....... oo 156
CHAPTER GUMMARY ANBUTURE DIRECTIONS......cooieieeeeeeeee e 161
5.1, PHD THESIS SUMMARY, .. eu ettt et e ae e ee e e e e e e e e e e e e e e ee e reee e re e eereaeneeneene 161
5.2, SUMMARY ORESEAR CH ... ettt ettt ettt e e e e e e e eaenaeneen 163
.3, FUTURE RESEARCH: ..t ettt ettt e e e ettt e e e e e e e e e e e e e e e e e e e e earneeneen 164
6.4. LIMITATIONS AND IMPLICATIONS. .ot ee ettt ettt e e e e et e e e e e e e e e e e e e e ae e eeaeeens 166
SR T € o] N (o) MU L] (0] N TR 167
REFERENGCES....... oo e e 168
BIB LIO G R A PHYY. ..o e e 170
AP P EIN D DX . e 210

Vi



LIST OF TABLES

TABLEL THEBMICLASSIFICATION BYWHBQL......eueiiiiiiiiiiese s sseee e e e e e e e e e e e e e ee e e e e e e e eaeeaaaennnd 4
TABLE2 STUDIES AT INCLUDED CHARACTERISTIC OF ACUTEIRROTEMSATIETY.......uvvvnnns.. 24
TABLE3 INCLUDED STUDIES CHARACTERISTIC OF HIGH PRONEUCBIEATIETY.......cvvueeeennnn. 27
TABLE} CHARACTERISTICS OF INCLUDED STUDLES. ....ccvvvvtrrrrrnnnnnnnnnnnnnnnnssssssassseaseeaeas 51
TABLES REPORTED ASSOCIATIONS BETWEEN PROTEIN SOURCES.AND.SATIETY.....cccvvunnes 59
TABLES BASELINE CHARACTERISTICS OF STUDY PARTICIPANTS......cceeiiiieeeieeeeeeeeeeeeeeee 81
TABLEY CRFAT BASELINE AND THE END OF EACH INTERVENTION PERIOD...........ueeeeennnnn. 83

TABLEB DEMOGRAPHIC CHARACTERISTICS BY STUDAGRBODIPY WEIGHREIGHTAND BODY MASS

N[0 = PP PP PP PPPPPPPPPPRTPPP 109
TABLE9 BLOOD CHARACTERISTICS BY STUDY(IGROSPPROFIERRANDHBALC).................. 110
TABLELOBODY WEIGHT BEFORE AND AFTER THE DIETARY INTERVBNURNGROUP.......... 111

TABLEL1 WAIST CIRCUMFERENCE BEFORE AND AFTER THE DIETARY INBERENM@ROUER12
TABLEL2 DESIRE TO EAT ATHFEET30MINUTESSOMINUTES ANBOOF TEST MEARY STUDY GRQUP
SRS LU0 ) 1= 10 1] = T 114

TABLEL3 FULLNESS SCORE AFTHEEH30MINUTESOMINUTES ANBOOF TEST MEARY STUDY

TABLEL4 CHANGES IN BIOCHEMICAL CHARACTERISTICS ACCORDING TCEDMEERB QBDIETARY

INTERVENTION. .t e ettt et ettt e et e e ettt e ettt e e e e e et e e e e e eenees 124

vii


file://///Users/nadaalzhrani/Desktop/OCT-thesis-FGS/Alzhrani-thesis-october_tracking_JB%20-NA%20copy.docx%23_Toc147771144
file://///Users/nadaalzhrani/Desktop/OCT-thesis-FGS/Alzhrani-thesis-october_tracking_JB%20-NA%20copy.docx%23_Toc147771145
file://///Users/nadaalzhrani/Desktop/OCT-thesis-FGS/Alzhrani-thesis-october_tracking_JB%20-NA%20copy.docx%23_Toc147771146
file://///Users/nadaalzhrani/Desktop/OCT-thesis-FGS/Alzhrani-thesis-october_tracking_JB%20-NA%20copy.docx%23_Toc147771156
file://///Users/nadaalzhrani/Desktop/OCT-thesis-FGS/Alzhrani-thesis-october_tracking_JB%20-NA%20copy.docx%23_Toc147771156

LIST OF FIGURES

HGUREL: THE FRAME CRATIETYASCADDEVELOPED BYUNDELL ET.ALuuvivnieiiiiniiinieineeennes 10
HGURE2 SHOWS DIFFERENT TYPES OF INTERMITTENT ENERGY RESTRICTION................. 23
HGURE3 THE FLOW CHART OF THE STUDY SELECTION.....cccttittruuiieeeereerenuinneeeeeeeeennnnnns 50
HGURE QUALITY ASSESSMENT OF INDIVIDUAL STUDIES.....ccvvtvieeeeeeeereessnsennnnennnnnnnnnnnnns 6l
FGURED STUDY DESIGN ...cvvvvvvtsessssssssnssssnnsssnsssnnsnsssssaaasaasssassasaeasaasaasaeasasesseessreeeeeeen 77

HGURES THE CATEGORIES FOR HUNSZERSFACTIQAND FULLNESS ON THE VISINMNLOGUE

SO AL . ittt ettt et ———————————————————————————— 80
HGURKE: BODY WEIGHT CHANGES ON THREE WEEKBROWNDPRODIETS............eeeee. 82
HGUREB WAIST CIRCUMFERENCE CHANGES ON THREE WEEMROQRRBPRQODIETS............ 83
HGURE GLUCOSE CHANGED AFTER FOLLOWING THE DIETARY INTERVENTIONS.............. 84

HGURELOPARTICIPANSBESPONSES TO A VISUAL ANALOG SCALE QUESTIONNAIRE FOR COMPARING THE

DIFFICULTIES IN ADHERENGHRTOANDPRODBIETS. . .cc et 85
FGURELL THE STUDY DESLGN .. tuttuttttntetnenestnsenessenseessensesssensssnsenessensenesrensensnrensens 108
HGUREL2 CHANGES IN BODY WEIGHT BY STUDY.GROMP. ... ee et eeeeeaeeeaaens 111

HGUREL3WAIST CIRCUMFERENCE BEFORE AND AFTER THE INTERVERANDLRIROUPS. 113

HGUREL4 : CHANGES AND AREA UNDER THE C(/ARYE3IN T THE DESIRE TO.EAT................ 116
HGURELS5 CHANGES AND AREA UNDER THE C(ARVEJN THE FULLNESS........cccevrriiriirinnnn 117
HGUREL6HDLLEVEL BEFORE AND AFTER THE INTERVENHBANBRHPGROUPS................. 118

HGURHE.7 THELDLCHOLESTEROL LEVEL BEFORE AND AFTER THE INTER\HRANIN.PGROUPS

HGUREL8 TRIGLYCERIDE LEVEL BEFORE AND AFTER THE INTERVERAKDLRIROUPS...... 120

HGUREL9 TOTAL CHOLESTEROL LEVEL BEFORE AND AFTER THE INTERMPRNODMIEROUPS

...................................................................................................................... 121
HGURROCRREVEL BEFORE AND AFTER THE INTERVENHBANIMHPGROUPS.......cvveeeen 122
HGURER1HBAIC LEVEL BEFORE AND AFTER THE INTERVENHPAMNBORGROUPS.............. 123

viii






Abstract

Energy restriction, including IER regimens, is one of the most important obesity treatment
and weighicontrol strategies. Thesegimens provide health benefits associated with
weight reduction. With energy restriction regimens, however, noncompliance and-hunger
induced fatigue are common I ssues that may
to evidence, dietary protein maympact satiety and therefore mitigate certain
noncomplianceelated difficulties. Therefore, this dissertation primarily investigated the
effect of dietary protein on satiety and body weight, with a secondary focus on health
indicators (i.e., lipid profgé, HbAlc, and CRP) in overweight and obese women. The data
showed that pladbased protein sources increase satiety at a level comparable to that of
animatbased protein. Positive results were also observed with the higher protein diet:
increased satietyecreased body weight and waist circumference, and the improvement
of other health indicators, including triglycerides ande@ctive protein. Nonetheless, the
differences in effect between protein groups (high protein diet versus low protein diet) were
nat statistically significant, possibly due to the small sample size. We found that the
telehealth method was effective in facilitating the research, despite some limitations in
conducting dietary interventions using telehealth. Further studies with larmgetessizes

are required to clearly demonstrate the effect of dietary protein content on satiety and
weight under intermittent fasting conditions and over the long term among overweight and

obese women.



LIST OF ABBREVIATIONS USED

IER T Intermittent Energy Restriction WHO 17 World Health Organization BMI i
BMI - Body Mass Index

GLP-171 Glucagonlike Peptide 1 CCKi Cholecystokinin

PYY 1 Peptide YY

AMDR' Acceptable Macronutrient Distribution Range FFMi Fat-Free Mass
FMD 1 Fasting-Mimicking Diet

VAS 1 Visual Analogue Scale

Ui alpha significance level

HP T high protein

LP i low protein

TEF 1 thermic effect of food

ADF T alternate day fasting

REDCap1 Research Electronic Data Capture REDCap

ANOVA i Analysis of Variance

CRP1 C-reactive protein
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1.1. CHAPTER 1: INTRODUCTION

Increased obesity rates pose a threat to individual healtrarsdourden on the health care
system(1). Significant evidence has shown that obesity is involved in the development of
many chronic diseases, such as heart disease, diabetes, hypertension, and some cancers
(2,3). The American Medi c adntoAcksowledgeaobdsity asdoas 2 0 1
disease marks an important step forward in the acceptance of obesity as a disease and the
advancement of evidendrmsed methods for its prevention and treatr{(@niObesity has

a complex etiology, but the most prominent cause is the positive energy balance that occurs
when energy intakesurpasses energy expenditui®). Restricted energy intake is
considered a primary strategy to reduce body weight and fat mass. Complying with such
diets, though, may be challenging because most of theseiristase hunger; thus, a

failure to achieve a sustainable strategy for weight loss is lii@&[§). As a result,
incorporating satiepenhancing elements into the design of such diets is crucial for

achieving a successful, sustainable approach to the prevention and treatment of obesity.

Many dietary weight loss strategies for oveigi® or obese individuals are considered
therapeutic treatment§di 10). One of these dietary strategies is dieting based on
intermittent energy restrictiogfER), which is defined as a dietary strategy that depends on
cycles of restricted energy intake alternating with habitual energy i(@aKeypically, the
degree of energy restriction is severe, with energy intake usually limited i@@EDO
kilocalories, or 25% of the total energy required to maintain body wéidht Many
animal studies involving IER have reported that it is an effective strategy for weight loss
(12 15). Researchers can easily perform such a diet using animal models since they can
control feedings so that the animals mainaccess additional intake. In contrast, people
experience many challenges due to physiological and environmental fa&drg) thus
raising the question of whethdtR is a successful strategy for weight loss among obese

or overweight adults.

The term Asatietyodo refers to the feeling o
accordingly, it influences the duration of intervals between m@#&y The feeling of

satiety is a consequence of a series of chemical signals sent from the GI tract to the



brainstem(19). Researchers have suggested that satiety signals are affected by many
factors, including macronutrient composition and nutrrefdted hormoneg20,21)

Several studies have investigated the association between macronutrients and satiety, and
most have indicated that protein has a greater impact than other macronutrients on
increasing satiety and suppressing energy in@Re21) In a review of 24 randomized
controlled trials, Wyherley et al. concluded that protein contributed to reducing appetite
more than carbohydrates and (aR). Subjecitve reports of satiety have demonstrated a
greater reduction of hunger, the desire to eat, and energy intake during a meal following
high-protein intake than during a meal following hifgt and carbohydrate intak&?2).
Additionally, dietary protein contributes to an increase in the release of gastrointestinal
appetite hormones, such as PYY, which help suppress @p@etd also decrease

concentrations of ghreli(23).
1.2. Obesity and metabolic disease risk

According to the World Health Organizati on
as abnor mal or excessive fat a2rTyprally,at i on
one of the measurement tools for monitg weight status within the population is body

mass index (BMI), which is calculated by dividing weight in kilograms by height in metres
squared(25). The WHO classification of underweight, normal, overweight, and obese
based on BMI is displayed in Table 1. The WHO further subdivides obesity into three
categories: Obesity class I: a BMI of 30 to 34.9 Kg@besity class Il: a BMIfB5 to less
than40kg/Mi and Obesity class |11 dargréa®i@6er ed o
Globally, the National Institutes of Health of USA and many public health researchers
affiliated with other organizations are using BMI to determine the overall population level

of obesity(25). Many public studies havenked BMI to morbidity or other parameters of

health statu§25). Although BMI is a practical assistance tool for assessing a gopula n 6 s
general health status, additional measurements are required for more accurate individual
diagnoses. BMI does not provide an accurate measurement of body fat ¢@ntefRor
example, some athletesd BMI values are hig
than their excess body f&7).



In recent years, obesity has risen torpinence as a global public health concern. The
prevalence of obesity and even being overweight is rising worldwide among adults across
all age groups, sexes, and educational le{®)s For instance, according to a WHO
document in 2021globally, about 1.9 billion individuals aged 18 years and older are
overweight or obes¢28). By 2025, global obesity rates Wwileach 18% of the male
population and 21% of the female populati@®). In Canada, approximately 28% of
Canadian adults were obese in 2020, wB@éo were overweight30). Statistics Canada
reported that 30% of adult residents in Nova Scotia are classified as overweight, and 33.7%
are classified as obeg#l). Considering the prevalence of obesity, the WHO has classified

it as a global pandemic and health problem. Evidence shows that obesity is a predictor of
health risk and a deeasing quality of life in adult€32 35). Obesity is alseonsidered a
high-risk factor for developing many chronic diseases, including type Il diabetes,
cardiovascular disease, high blood pressure, and certain types of (&586) while

weight loss reduces these risks or delays the progression of these di3&3®s

Ample research on nutrition and health has indicated that eating behaviours are some of
the primary factors that contribute to the development of obdgi®), although
environment and genetics also play rolé$). A positive energy balance, which occurs
when energy intake surpasses energy expenditure, is the primary reason for excess body
fat accumulation over timgtl). Consequently, reducing energy intake is a primary goal

for effective diets that aim to treat or prevent obesity. Evidence indicates that the
characteristics of food intake and environmental factasitifluence satiety could be a

reasonable explanation for energy imbalaf@.



Tablel the BMI classification by the WHO

(30)

BMI (kg/m?) Classification
Underweight <18.5
Normal 18.524.9
Overweight 25.029.9
Obese (class I) 30.034.9
Obese(class 1) 35.039.9
Obese (class IIl) 040.0

1.3. Dietary protein requirement

Dietary protein is a macronutrient that is an important component of a healthy diet.
Following protein consumption, hydrochloric acid in the stomach hydrolyzes the dietary
protein during the digestion process, and proteases in the duodenum break down long
polypeptides into shoxthain polypeptide$43). This digestive process reduces proteins

into amino acids or small peptides, which are then absorbed in the small in{¢3)ine

Among dietary amino acids, essential amino acids play an indispensabie seleral

critical bodily functions, including hormone, antibody and enzyme synthesis, the
preservation of skeletal muscle md48). Considering the important mlof essential

amino acidg44)and t he bodyés inability to store t

consumption of protein in dietary requirentefor human health.

Most exogenous protein is used for repair of body tissues, immune function, and turnover
of proteins in the body, and not for energy per se. Therefore, a substantially reduced protein
intake could result in suboptimal health. To estime an adul tdés needed
relative (percentage of energy) amounts and absolute (g protein per kg body weight) are
methods that are commonly used. For relative amounts, the dietary reference intakes (DRI),
a system developed for Canada and tB&|Jroposed ranges for each macronutrient via

the acceptable macronutrient distribution range (AMDR); the protein intake needs were
determined to be 10P85% of the total energy required to maintain body weigh}. For
determination on an absolute basis, the recommended dietary allowance for protein is 0.8
grams of protein per kilogram per day for a sedentary &bt A healthy, sedentary or
lightly active adult on an isocalorieed likely receives enough protein if either the absolute



or relative methods are used to calcul ate
intake drops below isocaloric levels, calculating protein requirements on a basis relative to
total energy intke (such as in restricted energy diets) would result in suboptimal levels of
protein. Indeed, most IER diets involve a deficient protein con{é@iTherefore,
determining the amount of @t ei n as an amount proportion
weight is a more accurate method of <cal cul
when formulating the minimum protein requirement on a restreteagy diet(46,47)

Indeed, research has indicated that maintaining a high protein level while consuming a
restrictedenergy diet is beneficial for preventing the loss offfeé mass (FFM) due to a

negative nitrogen balance.

The high protein might not induce more weilgigts than lower protein but provide a benefit

to body composition due to retention of muscle mass. For instance, a randomized controlled
trial compared the effects of a chronically energstricted diet with a daily protein intake

of 0.8 g/kg body weiglday to an energyestricted diet with a daily protein intake of 1.2
g/kg body weight/day on body weight over six mon(48). Although higher protein
content induced similar weight loss amount (84.1 + ) &kdpwer protein content (85.0 +
13kg), the higher protein diet led to a greater reduction in fat mass while maintaining the
FFM (48). Similarly, in randomized crossover study compared a HP diet @0&te
energy intake from protein) ®LP (20% of the energy intake from protein) in a restricted
energy diet over eight weels thirty-five overweight or obesmen and womenThey

found that higher protein content induced more benefit on decreaseddst maintained

free-fat mass, and improved the lipid profile thdid the lower protein conter§49).

There is limited evidence on the impact of {pvotein IER diets on aspects of health. Some
studies have found that the lgwotein content in restricteghergy diets @y improve
health markers in animalS0) A study thainvestigated the effects of a lepvotein fasting
mimicking diet (FMD) on aging in mice and humans reported that intermittent restriction
of amino acid and protein consumption may reduce comorbidisigsciated with ageing

and thus improve health and lifespésR). Nevertheless, the reasons for these health
benefits (e.g., enhancing glucose regulation and insulin sensitivity) might not only be due

to the lower protein intake but also be due to the result of the metabolic swittbinagy



produced by IER53,54) The evidence regarding the effect of lpwotein content in
energyrestriction diets on body weight and energy intake is inconclusive. Few human
studies have tested protein levels for IER diets; thus, it remains difficult to determine if
there isa benefit in restricting protein intake for such diets. Thus, the optimal amount of
protein in restrictegenergy diets remains unknown. A systematic reviewittthided24
studies with a diet duration was 12.1 + 9.3 weeks demonstrated that high pretein d
induced more reduction in fat mass reduction of reductions Hirefat mass and
triglycerides(22). Clifton etal. analyzed data from ted three randomized parallel trials that
compared high protein which consisted of 27% of energy intake from protein (i.e. g) to
normal protein diet which consisted of 16% total energy intake from protein (i.e. 60 g) on
215 obese ingiduals over 12 weeks. Clifton et al. observed that high protein had more
health benefits in enhancing health indicators; in which HP induced a reduction in total
cholesterol by 12% from the initial mean of total cholesterol than the normal protein group
where the reduction was 6% total cholesterol from the initial mean of total cholesterol.
Additionally, HP achieved more reduction in abdominal fat mass loss and triacylglycerol
level (55).

1.4. Satiety

Satiation and satiety are prominent consequential factors that drive appetite control and
thus food consumption, but they represent different time frames of fullness and feelings of
hunger (See Figur®) (56). Satiation, which refers to feeling full, or having no desire for
more food while ingesting a meal, may occur at any point after beginning to eat. Satiety
refers to experiencing fullness after the consumption of a(@eéglt is typically measured

with a subjective satiety rating (i.e. a visual analog scale) for fullness, hunger, desire to eat,
and prospective food intake, as well as by the time intervaideet a test meal (treatment
meal) and a subsequent méz8). Both satiation and satiety regulate energy intake, as the
size of meals ahtheir frequency over a day determine the total daily energy i(5&ke
Blundell et al. developed the Satiety Cascade concept, a ticabrgamework that
illustrates a complex interplay between a series of physiological processes and behavioural
and environmental factors that occur in the time frame from the earlpgestive period

to a subsequent meal (i.e., satiation and satietpgse as presented in Figuig (59).



These factors are divided into 1) external factors thatdecsensory and cognitive factors

and 2) internal factors that include posgestive and posabsorptive factors. An early
review by de Graaf et al (2004) of the factors inherent to food consumption concluded that
sensory aspects have a more significa¢ in determining the type of consumption,
whereas physiological biomarkers may have a more significant role in determining the
guantity of food intak€60).

1.4.1. External factors affecting satiety

A complex interplay of sensory and cognitfeaetors affects satiety and satiation, which,

in turn, leads to the satiation level influencing the satiety I@@&b1) Thus, it is difficult

to separate satiation from satiety entirely, even though they different time frames. For
example, satiation is mainly influenced by the sensory effects of food, including
palatability, texture, temperature, appearance, and $6te81) Cognitive factors, such

as elucation, on and beliefs about food, also influence food consum@&®3). This

means that the way people react to the sight, odour, and taste of food and their beliefs about
food strongly influence how they decide on the portion and content of the food to be
ingested(62,63) What individuals consume, including both the size of the meal and its
content, is also positively associated wiitle satiety level and the time of a subsequent
meal (60). As such, many dietary studies have indicated that the content and sensory
characteristics of a meal influence the interval between meals (i.e., S&t64,65) This
influence impliesthatsst i ati on can be considered a fact

and content significantly influence sati€60,64,65)

People eat for multiple reasons other than satiating their hunger: sensory hedonics, the
stimulation of the senses, and relief from stresklmredom(66,67) There is no general

rule for eating behaviour; individualsay eat even though they feel full, or do not eat when
they are hungry66,67) These complex interplays between satiation and satiety may be a
reason for the contradictions among interventional studies investigating subjective satiety
or food intake. Thus, it is critical to consider factors related to satiation, such as palatability
and meal content, in the assessment of satiety or to develop foods with the aim of enhancing

satiety features.



1.4.2. Internal factors affecting satiety

Appetite and satiety sensations undergo intricate interplays between gastrointestinal
system hormones andehhypothalamug60). An area in the hypothalamus regulates
appetite and satiety, inducing the intake of food or the sensation of being full and ultimately
affects body weigh{60). Previous studies have indicated that preteduced satiety is
potentially associated with a significant change in concentrations of apefit@ting
hormones that contribute to enhanced saii@8/69) Accordingly, the dysregulation of

the function of appetite hormones may cause risks telateody energy balan€e0). The

signals that play significant roles in food intake and energy intake homeostasis have been
classified into two categories: satiety and adiposity sig8@l§1) Satiety signals include

those senby gastrointestinadlerived hormones, such as cholecystokinin (CCK), peptide
YY (PYY), and glucagonlike peptide 1 (GLB, which are released from enteroendocrine
cells (60,71) These satiety peptide hormones are awmred predictive biomarkers of
hunger and appetite. GLB, CCK, and PYY levels decrease during fasting periods and rise
after food intake; thus, they are secreted in response to fasting and feedin(G6tatlls
Thesechanges trigger receptors on duodenal sensory neurons, which then send signals to

the brain through the vagus nerve to induce the feeling of s@iify1)

Ghrelin, which is call ed inlnereasiny bumgerleadsh or mo
to increased food intaK&2). Weight loss increases ghrelin levels, which leads to increased
hunger as a compensatory mechanism in response to body weigff3)p#sis involved

in shortterm appetite regulation and is predominantly released in the stomach, where it
provides a signal to the brain indicating hun@&?). Schubert et al. observed that high
protein intake had significantlyeduced plasma acyl and total ghrelin levels than other
macronutrients. It operates in a cycle, rising during fasting prior to meals and then dropping
on meal terminatio(74). The relevant research findings on the influence of dietary protein
on ghrelin regulation in humans are contradic{@B). Some studies have observed plasma

a c y | aad teatighrelimecrease following a high protein mésn other macronutrients
(74,75) For example, Blom et al. observed that increasing protein at the expense of

carbohydratesni liquid meals dramatically reduced ghrelin rele@€®. Opposing studies



have reported that high protein intake increases ghrelin concent(@iior8) These
contradictory findings may reflect that ghrelin is influenced by many factors such as growth
hormone and insulitevel (79). However, the meclmsms responsible for the pasieal

decrease in ghrelin secretion have not been fully explored.

Leptin, which is often called the satiety hormone, and insulin arelted hormones that
contribute to regulating body weight by influencing feeding behavand appetite and
basal metabolic rat@d9). Leptin is a hormone created by adipose cells; it signals satiety to
the hypothalamus, and thus works to reduce food intBH&e It inhibits the secretion of
neuropeptide Y, wich inhibits the release of orexins, which stimulate appéfit9.
Although individuals who are obese have a high level of leptin, it has been observed that
they also have leptin resistance, and body weight reduction could contributiutede
leptin levels(80i 82)
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Figurel: The frame of Satiety Cascade, developed by Blundell et al.
It shows the external and internal factors that affect satiety; the differences between the
satiety and satiatio(64,88)

1.5. Protein and satiety

1.5.1. Effect of high protein meal on satiety (shorterm)

The impact of protein meals on satiety and appetite has been inves(@/éted) (See

Table 2). Studies have tested, using a crossowely stesign,effects of varied protein
concentration consumption on satiety by frequently assessing subjective satiety ratings
(841 92), exanining satiety hormong®85,86,88,89)or measuring subsequent food intake
(84,89,90,92) Most of these studies compared meals that had significantly higher than

normal protein concentrations.
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Proteinintake induced satiety to a greater extent than did other macronutrients in some
studies that matched meals for total energy cor{8h85,93) For example, Sibbset al.

used a crossover design to compare the effects of meals matched for energy content and
density but contained either 20% or 60% of energy from protein in 16 health{88)en

The higher protein meal enhanced satiety significantly more than the meal that contained
lower protein meal (P< 0.00184). Similarly, in another intervention, the study subjects
reported feeling fuller after a highrotein meal containing 68% energy from protein than

after a meal containing 10% energy from prot@8). When comparing 25% protein with

10% protein, it was observed that satiety increased by more &%n Bhis finding
synchronizes with a reduction in hunger by about 485}

Use of a visual analogue scale (VAS) for measuring satiety has revealed that meals with
higher protein contents produce greater satiety than meals with the same amount of energy
but low protein content84,89,91,92)For example, a randomized study by Lejeune and
coworkers observed that subsequent gnamgke was significantly lower{= 0.49,P <

0.05) after a higher protein condition than a low one. Subjects also reported greater satiety
after higher protein meals (p = 0.08¢). Additionally, the highprotein mehinduced a
greater increase of GEP concentrations over the day than did a meal with low protein
conten(94). Evidence has shown that increasing GlLRoncentrations contributes to
enhanced satiety via delayed gastric emptying, which leads to enhanced satiety by making
one feel full for a prolongd time(60). Another study reported that a higlotein meal

(41% energy from protein) led to a great reduction in hunger than did a lower protein meal
(15% energy from protein) in 13 healthy men and woi{®&). A strengthof this study

was that both meals had identical fibre and flavour content, both of which are critical
factors affecting satiety95). Similarly, Porrini et al. compared a higlhotein meal
consisting of 56% protein, 19% carbohydrates, &% fat presented as meatballs against

a highcarbohydrate meal consisting of 17% protein, 56% carbohydrates, and 27% fat
presented as baked macaroni in 14 healthy (@2) Although both meals contained the
same total energythe food intaked d | 1) Wwas significantly lower after the high
protein, meatball meal than the high carbohydrate (®23l Although most studies have
found a more significant difference in acute satiety after a-pigtein meal than after a
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low-protein meal(84i 87,89,92) other studies have n¢88,90) For instance, a study
comparing 43%a 10% of energy from protein meals, did not find a significant difference

in satiety between the two me#&89). Possibly, the higiprotein meal was nie palatable

than the lowprotein meal. Evidence has shown that palatability can significantly contribute

to bias in satiety responses because highly palatable foods stimulate hunger and increase
food intake(96). Overdl, most studies have demonstrated that +pghtein meals have a

more acute effect on satiety than do Ipmtein meal$84,85,93)

1.5.2. Effect of high protein diet on satiety (longterm)

High-protein diets (chronic condition) may produce greater satiety than do normalor low
protein diets in healthy individuals. (See Table 3). A randomized crossover intervention
involved 19men and women who averagét years and aMl of 26 kg/n?. The subjects

who consumed 34% of energy as protein indicated significantly greater satiety during
weeks three and four than did those who consumed 18% of energy as [(@@)ein
Furthermore, after 12 weeks, the subjects who consumed a higher protein diet decreased
their energy intake by more than 400 kcal per day than bas@ifje Similarly, a
randomized study was conducted on 65 overweight and obese adults (50 women, 15 men)
aged 1856 years with BMIs between 25 to 34 kg/(@8). The subjects were randomized

to consume one of three diets over six months: (1) a diet that consisted of 25% of total
energy as protein, 45% of total energy as carbohydrates, and 30% of total energy as fat; (2)
a diet, that consisted of 12% of total energy as protein, 58% of totglyeasecarbohydrate;

or (3) their habitual diet. Those who followed the 2pBétein diet exhibited a significantly

lower energy intake than those who followed the i#¥iein diet(98). Although the study

did not examine the effects of a higlotein diet on hunger or satiety, the high protein
group experienced a greater reduction in their body weight (35% of the initial mean of
body weight) than the low protein group (which was 9% of the initial mean of body

weight), which couldbe considered gns of increased satie98).

Habitual eating habits appear to influence appetite responses. Changes in customary dietary
habits can, therefore, influence spontaneous satiety resp@33elsong et al. conducted
a study to investigate whether the chronic consumption of a high protein diet reduced its

satiating effec{100) Subjects were selected based on their daily intake of prdiea)
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The subjects who typically consumed about 1.0 g of protein per kilogram of body weight
per day were classified as the kpnotein group (LP), and those who consumed 1.4 g per
kilogram of bog weight per day were classified as the Rgybtein group (HP)100)
Overtwowe eks, the protein intake | evel was man
protein intake increased to 2.0 g per kilogram of body weight per day and then decreased
to 0.65 g/kg of BW per day 13 days. The protein intake for the LP group started gt 0.65

per kilogram of body weight per day. The HP group was found to have lower satiety than
the LP group. Long et al. found an inverse correlation between the amount of usual protein
intake and the response effect of proteins on sqti&f) One weakness of this study was

that it did not compare the satiety between the groups' resgétides. LP) with matching

protein content meals, but several other studies have supported the theory that accustomed
eating habits influence satietglated outcome$101,102) However, much uncertainty

still exists about the relationship between habitual protein consunmgountand the

effect of protein on satiety. Further researshnecessary to determine whether a

chronically high consumption of protein loses its effect on satiety.

Overall, higher protein meals seem to increase satiety more thgmmdosin content meals,

and this impact could extend to the long term. Neverthetesst, clinical trials examining

the effect of protein on satiety have not used a variety of f@$J87,98,103,104}urther
studies are required to investigate the effect of protein types on satiety by using various
whole foods as part of a normal leteym diet.

1.6.Mechanisms behind the effect of high protein intake on satiety

Protein intake seems to play an essential role in enhancing satiety, either in the short term
(105)or long term(106), through several different mechanisms. Two nztalyses have

found that a higiprotein diet contributes to weight loss by the reduction of appetite and
body fat (22,107) This finding may be attributed to proteipsoviding higher thermic
energy than other macronutrierfid8) Research has also indicated that protein intake
reduces the hunger hormone (i.e. ghrdlif)9)and enhances weightgulating hormones,
including GLR1, peptide YY, and cholecystokinffh10) More than other macronutrients,

protein helps maintain a feeling of satiety, which may be because it slows digestion and
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gastric empying (111) The mechanism of the impact of protein in enhancing satiety has

not been completely elucidated; the observed variations in the pattern of satiety
gastrointestinal tract hormone release might imply that they are involved in eating
behaviour andatiety. The next section will discuss the possible mechanisms behind the

effect of protein in enhancing satiety.

1.6.1. Amino acids

Studies examining the effect of amino acids on satiety have indicated that increased serum
amino acid concentrations contribute tmnger suppressiorfl112) The possible
mechanism is that amino acids derived from dietary protein are detectedeby th
gastrointestinal system. These peptides stimulate the production of gastrointestinal
hormones that enhance sati€¢iyl3) One of these amino acids is tryptophahich is
important in the synthesis of serotonin and as a neurotransmitter involved in regulating
satiety by delaying gastric emptyir{@14). It has been suggested that a deficiency of
tryptophan may cause an increase in hufiget). In a 14day study, Ayaso et al. examined
theeffect of supplementing a diet with 5% tryptophan on eating behaviour and body weight
in rats. A control group consumed a standard diet of rat chow which consisted of 18.2 kJ/g
(56% carbohydrate, 21% protein and 23% fat), whereas two experimental gaihps b
received this, with one group receiving 5% additional tryptophan or additional 5% of
lysine. This increase in tryptophan led to a reduction in food intake. Additionally, the inter
meal interval of the tryptophan group was longer than the lysine arabtite| groups

(114)

Histidine, another essential amino acid, reduces food intake through the conversion of
histidine to histamine, whichels a role in suppressing feeding and enhancing the metabolic
rate in animal studig4.15) Human studies have shown comparable findings. For instance,

a studyinvolving 1,689 adolescents aged 18 years found that the amount of daily histidine
intake was inversely associated with total energy infaké) This finding supportedtber

studies that reported histidine is essential to the central appetite mechanism because of its
control of energy balancél15) Additional evidence has shwo that high histidine,
arginine, and lysine concentrations could activate hypothalamic tanycytes, which are

receptors in the brain that play a role in suppressing apfiEti¢
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1.6.2. Other dietary factors

Interestingly, evidence has shown that not all dietary proteins have the same effects on
satiety(117) The varying properties among proteins, such as digestibility and the ratio of
bioactive peptides within their amino acid sequences, cause proteins to have different
effects on satiet{118) Casein, for instance, is classified as shtiigesting, whereas whey
protein has a faster absorption rate in the(§u®) Thus, casein has a moderate, longer
lasting satiety impact, while whey protein has an greater acute satiety i(hpartSoy

protein produces a lower satiety effect than milk protein because soy protein has faster
digestion kineticshan milk protein(117,120) It has also been reported that the digestion
rate of fish protein is lower than that of red meat and chicken pidtem121) This lower
digestion rate may explain previous findings that fish protein has a greater satiety effect
than other animabased proteinEL17). Sone types of fish have higher tryptophan content
than turkey which improves the serotonergic activity which associated with the control of
satiety(122) Additionally, fish and shellfish are rich ind1long chain polyunsaturated

fatty acids (LCPUFA) which have been demonstrated to decrease appetite and promote

feelings offullness(123).

There is no decisive evidence that aniinased proteins have slower or faster digestion
rates than plarbased proteins because other intrinsic properties might affect digestion
kinetics and satiety. For example, high fat and soluble fiber in a meal =l in a
slower gastrointestinal transit time, and digestion kinetics are faster for liquid meals than
for solid ones(124,125) Additionally, it is not clear whether thdifferences in the
availability of essential amino acids between animals and-pksed proteins would make

a difference in the effect on satiety between anioasled and plafiased protein. This
raises the question of whether pkuaised protein proves comparable satiety as animal

based protein which will be investigated in Chapter 2.
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1.6.3. Gluconeogenesis

Evidence has suggested that gluconeogenesis, the process of producing glucose from
protein in the intestine to compensate for a decrease in plasocosgllevels, is one of the
potential mechanisms behind the satiating effect of-pigiein dietg108) When high

protein diets are combined with a restricltergy regime, typically the reduced
availability of carbohydrates, a prinseurce of glucose, promotes gluconeogen@a@

129) Plasma glucose levels may play an essential role in regulating hunger and food intake
in the short term. Researchers have observed that reducing plasma glucose concentration
increases feelings of hunger and drives food intake ifiXa@131) The stimulatory effect

of gluconeogenesis attenuates hypoglycemia, thereby reducing hunger and increasing the
spacing between medls32) Under conditions of carbohydrate restriction combined with
enhanced protein intake, this eaffe might be due to the upregulation of
phosphoenolpyruvate carboxykinase and glugépbosphatase, enzymes implicated in
gluconeogenesis(133) A randomized trial found that a higitotein diet free
carbolydrates increased gluconeogenesis and reduced appetite more than gprateiral

diet did, although both diets were equivalent in total en€tg4) Limited human studies

have aimed to determine gluconeogenesis and appetite rating$igiprotein diet
condition. Further studies are needed to clarify what the effect of amindratided
gluconeogenesis in high protein with restricted energy on satiety and whether protein

sources differ in their ability to stimulate gluconeogenesis.

1.6.4. Thermogenesis

Diet-induced thermogenesis, also known as the thermic effect of food (TEF), refers to the
increase in the resting metabolic rate subsequent to food consumption. The thermic effect
of food (TEF) accounts for approximately 10% of the total enexggnditure on average,

and it could be a contributing factor to enhancing satiety and body weight control,
especially in the long terfi35) Research has indicated that diet composition impacts the
TEF (136) Dietary intervention studies have observed that simeliced thermogenesis is
higher after protein consumption than after carbohydrate or fat i(t8kK¢ Protein intake
produces a higher TEF than the isocaloric loading of carbohydrates(®87atThe TEE
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of protein is 2880%of the total energy content, for carpdrates, is 810% of the total
energy content and for fat is3% of the total energy contefi38).

The high thermic effect of protein has been ascribedectiergy costs of digestion and
metabolism related to protein metabolism. Therefore,-prghein meals contribute more
thermic effects than do meals with a low to normal content of protein. In a randomized
clinical trial, Mikkelsen et al. observed thaplacing 18% of carbohydrates with protein
boosted energy expenditure by 3% until the fourth day of high protein d{@&8y This
finding is consistent with a critical review of studies that investigated randomized studies
on the effect®f high-protein diets on TEF, which reported that increasing protein in a diet

increases thermogenesisiO).

Evidence has indicated an association betweenirdieted thermogenesis and satiety
sensations. For instance, a randomized, controlled intermetitet used a repeated
measures design compared the effects of high protein, high fat, and high carbohydrate
meals and found that higirotein meals produced both greater thermogenesis and more of
a sensation of fullness than other medld41) Similarly, a randomized study£32)
compared higiprotein diets with higitarbohydrate diets over 12 weeks and found that
increasing TEF in higiprotein diets coincided with increased fullness sensations over the
intervention period while the reverse was true in fagtbohydrate dietél42). Leidy et

al. compared th effect of a meal with 30% of energy from protein (high protein) with that

of a meal with 18% from energy from protein (normal protein) and concluded that high
protein induced an increase in TEF, increased satiety and reduced desi(@4@e&ine
hypothesis that can explain the relationship between the TEF and the feeling of satiety is
the direct heating effect of protein intaké sentinel study by WesterteRlantenga and
colleagues found that a higinotein intake increases the TEF, which leads to an increase
in body temperature. Subjects that causes the suppression of appetite to avoid increased
body temperaturél44) Another possible implication is that increasing oxygen demand to
compensate for increases in oxygen consumptiomtictes with an increase in the thermic
effects of highprotein intakg87,144)
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1.6.5. Insulin

The hormone, insulin, might be a facthat assists in the regulation of satiety in the short
(145)and long term(19). Increasing insulin in the brain boosts the sensitivity of the brain
to signals during th postprandial perio@1). Hallschmid and colleagues examined the
effect of brain insulin signalling on the regulation of appetite in the postprandial period
(146) They found that insulin administration was associated with a reduction in food intake
(146), which implies that insulin is a relevant signal in the shenn regulation of food

intake.

The longterm effect of following a higiprotein diet on insulin is likely associated with
the total energy intake. It has been suggested that aphogéin diet cald cause
hyperinsulinemia in nomestricted diets, which eventually induces insulin resistance
(147,148) Rietman et al., for example, reported that consuming highiproteer six
months or more in a balancedergy diet led to increased insulin resistafit43).
However, following a higfprotein diet with a restricteenergy diet in long term had a
positive impat on insulin sensitivity for prediabetics and individuals with type 2 diabetes
(148). A randomized trial observed that following a higtotein diet combined with a
restrictedenergy diet over six onths reduced fasting insulin (P < 0.025) significantly
more than a lowprotein diet(149). Likewise, other studies have found that a kpgbtein
restrictedenergy diet improved glucose metabolism and insulin sensifi¥®®) thus
implying that a higkprotein diet combined with IER might be more beneficial than
following a highprotein diet with a balaredenergy diet. Further lortgrm randomized

trials should examine the effect of a higiotein diet on IER in the long term.

1.7. Dietary protein and body weight in a restrictedenergy diet

There is a strong consensus that dietary regimes that focusesgynrestiction promote
body weight reductior{10,15,151) but the optimal protein composition of the diet to
achieve maximum weight loss is coriegs Many studies have compared the effects of
different concentrations of protein in restrictedergy diets on weight loss to discover an
effective strategy to treat or prevent obesity. Most of these studies have fowmldigh

diets to be the mostfective weight loss regim@t6,47)
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Some researchers have compared relatively-pigtein intake combined with normal
protein content concomitant with restrictedergy diets as weighss strategie§6,47)

Their results suggested that the relative amount of the resteécteé r gy di et 0sS
content impacts the magnitude and rate of weight redu@®a7) Similarly, other studies

have observed that restrictedergydiets consisting of a relatively high protein level
(providing the minimum requirement of protein) are more beneficial in reducing body
weight (46,152,153)and inducedmore reduction in fat mag452,153)than restricted
energy diets with a low protein level. However, in contrast to these findings, Westerterp
Plantenga et al. reported that increasing the protein content above the normal level of
protein requirement did not prockeia greater reduction in body weight, although it helped
maintain a higher level of FFN154)

High-protein diets that are extremely restricted in carbohydrates, such as the Keto diet, the
Atkins diet, and the Protein Power diet, have becoopellar because they initially greatly

reduce body weightl55) This weight reduction may be the result of sodium and water

loss and decreased hunger associated with ketosis status, which causes reduced energy
intake (155) The longterm safety of such diets has yet to be determi(igsb)
Interestingly, some studies have observed that atlenmg increase in the protein intake of

| ER diets promotes body weight | o(858), regar
1.8. Visual analog scale

Evidence emphasizes the dependability of VAS methods in terms -oétest and inter

rater reliability. In ingestive eating behaviour research, VAS questionnaires are used to
measure preand postprandial hunger, fullness, and desire t1(b&3158) Using the VAS
approach to assess subjective satiety has been validated in the literature and considered as
an adequate strategy to assess satiety and appetdenEsisuggests that a 10% difference

in satietyafterfew hours of postprandial duration is useful to predict subsequent energy
intake (159) However, there are some considerations regarding using VASessHgs

satiety. One of these considerations is that repetitive inquiries on one's hunger level has the
ability to enhancean individual's attentiveness toward their internal signals, which may

afterwards result in a decrease in the amount of food cons{@®ey On the other hand,
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consistently reminding an individual of their hunger may result in an amplified hunger

reaction, perhaps leading to an elevated in subsequent food iri@ke

The VAS provides a valuable assessment of sensations of fullnegertand desire to eat

that are difficult to evaluate via other approaches. Some researchergpoise bikert

scales, or 9oint Likert scales; nonetheless, it is recommended to prioritize the usage of
100-mm or 16cm lines(158). VAS is a tool that may be used to inquire about many aspects
of appetite. lincludesquestions about hunger, fullness, prospective food intake, and desire
to eat. These dimensions were first developed and verified by Rogers and B(88yell

The use of the VAS line scale approach is more commonly applied in behaviour food intake
research due to its cesffectiveness, simplicity in comprehension and analysis, and its
ability to predict prospective energy consumption. Integrating satietyigibgeal
measurements with subjective satiety responses over the interval after a meal may provide
more information on changes in satiety. However, measuring the satiety hormones is quite
difficult and costly and there is no strong evidence that chamgsatiety physiological
biomarkers provide more clear information for satiety than changes in subjective rating
scaleq158)

1.9. IER

1.9.1. IER definition, and types

There are many types of IER, including a fasting mimicking diet (FMD), alternate day
fasting (ADF), and intermittent calorie restriction diets (5:2, 6:1 and(4&),162)(See
Figure2). These types of IER are named according to the fasting approach that is used, the
amount of energy restriction and the period, or the cycle, of fadtéig They differ from

total fasting and are similar to each other in their dependence on dietary energy restriction
for one to three datgreating with Indrneadenefigfy iatake dagsg d a 'y
(called ad libitum)161). On restricteeenergy days, the asant of restriction of energy
varies among studies. In most of the studiesiestrictedenergy days the dietary energy
intake is limited to ~20 to 25% of the total energy required to maintain body weight or
consume 503600 kilocalories per day, while dmg ad libitum days, eating as normally
without restriction in energyl61) An FMD consists of eneygrestriction for 35 days

before resuming a normal energy intake for the rest of the month and then repeating the
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cycle(162) Another version of an IERiet, the ADF diet, involves limiting caloric intake
commonly to 500 calories or a reduction of 75% of the required energy to maintain body
weight or less for one day, with ad libitum diet in the next(d#y) Furthermore, an IER

diet, which can be either a 5:2 diet or a 4:3 or a 6:1 diet, is a type of fasting that depends
on consuming 20 to 25% ofdlrecommended energy needs on one day (i.e., 6:1) or two
days (i.e., 5:2) or three days (i.e., 4:3) during the week, consecutively-oonsecutively,

with consuming the total energy required form maintaining body weight the remainder of
the week(161,163)

1.9.2. 1ER and health

Evidence has demonstrated that IER is a beneficial strategy for weight loss, which is
considered an important treatment for decreasing risk factors for many chronic diseases
related to obesity11,167) When compadng intermittent energy restriction regimens to
daily energy restriction ia metaanalysis found very little difference in weight reduction
(mean weight difference of 0.26 kg, 95% €1:31 to 0.84p=0.37)(166). This indicated

to benefits of the IER\ternate weight loss approaamnd it ismore flexible and easi¢o

adopt than daily energy restricti¢gh66). Weight loss for the majority of adults has many
health benefits, including improvements in blood pressure, lipids profile, decrease in
visceral faand improvement in the markers of insulin sensitivity and the control of glucose
levels(11). Evidence has shown that &R approach can potentially improve compliance
more than continuous energy restriction, as IER is more adaptable than daily energy
restriction(168). Thus, it may be helpful to practice intermittent energy restriction as a
sustainable strategy to maintain the positive effects of weight loss. Additionally, it was
found that IER and continuous calorie restriction diekseved comparable positive results

in reducing biomarkers, such as instike growth factor 1, IE6, and TNF, and
decreasing oxidative stress, all of which are considered risk factors for developing many
chronic diseases, such as type 2 diabetes addveascular diseas€$69). Evidence has
shown that IER decreases oxidative stress, which is a primary risk factor for the
development of metabolic disorders and many chronic dis¢a885 Some studies that

used animal modshaveobserved that modified intermittent fasting induces an increase

in the expression of the progenitor marker Ngn3, which is linked to an increase in the mass
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of the pancreas by enhancing the regeneration of pancreatic beta and alfh@@4lrl)
Mechanisms by which IER deliver benefits to heath may include autophagy and the
metabolic switch process. The daredgarts are destroyed and broken down into proteins
that the cell itself devours. The cell then rebuilds new parts to replace the damaged ones
(172) Some studies haveiggested that rising ketone bodies as a result of autophagy and
the metabolic switch process cause enhanced satiety and reduced foodliriBaké4)

which induce body weight loss. In the autophagy process, some damaged parts of the cell
are replaed with new part§175) However, excessively prolonged fasting in long term
could cause excessivetaphagy which might leadto anegative impact on health. Thus,

the exchange between the fasting period and the food consumption period during
intermittent fasting allows for a balance between the process of autophagy and cell
regeneratiorfl76) Thus, the | ERG6s protocol i's criti
the metabolic switch or autophagy dependsthan duration of fasting and the level of
energy restrictionThere are different protocols ranging from one to consecutive two of
restrictive energy intake, and three to fommsecutive days of restrictive energy intake.
However, to our knowledge, there eeno human studies have examined the effect of (4:3

IF) on humans Although some animal studies found such a diet effective in improve health
indicators(171) Thus, it is not clear the effect of the (4:3 IF) regimen on weight control

and health indicators in humans.
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Figure2 Shows different types of intermittent energy restriction.
Fastingmimicking diet (FMD), alternatelay fasting (ADF), an intermittent energy
restriction diet (5:2), and an intermittent energy restriction diet (6:1)

* (161)
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1.10. Research problem

Evidence has demonstrated that IER is a beneficial strategy for weight loss, which is
considered an important treatment for decreasing risk factors for many chronic diseases
related to obesity164,165) When comparing intermittent energy restriction regimens to
daily energy restriction in recent medaalysis found very little difference in weight
reduction (mean weight difference of 0.26 kg, 95% ©I31 to 0.84;p=0.37). This
indicated to benefits dhe IER alternate weight loss approach, and it is more flexible and
easier to adopt than daily energy restrioid@®). Weight loss for the majority of adults

has many health benefitijcluding improvements in blood pressure, lipids profile,
decrease in visceral fat and improvement in the markers of insulin sensitivity and the
control of glucose leveld65) Evidence has shown that the IER approach can potentially
improve canpliance more than continuous energy restriction, as IER is more adaptable
than daily energy restrictiofl67) Thus,it may be helpful to practice intermittent energy
restriction as a sustainable strategy to maintain the positive effects of weight loss.
Additionally, it was found that IER and continuous calorie restriction diets achieved
comparable positive results iaducing biomarkers, such as instiike growth factor 1,

IL-6, and TNF, and decreasing oxidative stress, all of which are considered risk factors
for developing many chronic diseases, such as type 2 diabetes and cardiovascular diseases
(168) Evidence has shown that IER decreases oxidative stress, which is a primary risk
factor for the development of metabolic disorders and many chronic disg&)s
Mechanisms by which IER deliver benefits to heath may ircladtophagy and the
metabolic switch process. In the autophagy process, some damaged parts of the cell are
replaced with new part€l69) The damaged parts are desadyand broken down into
proteins that the cell itself devours. The cell then rebuilds new parts to replace the damaged
ones(169) Evidence have suggested that risingpketbodies as a result of autophagy and

the metabolic switch process cause enhanced satiety and reduced foo(lLir@gkehich

induce body weight loss. However, excessively prolonged fasting in long term could cause
excessive autophagy might lead negative impact on health. Thus, the exchange between
the fasting period and the food consumptiongeeduring intermittent fasting allows for a

balance between the process of autophagy and cell regendfiagtiion T h u s , t he
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protocol is critical to consider, since the occurrence of the metabolic switch or autophagy
depends on the duration of fasting and the level of energy restriction. There are different
protocols ranging from one to consecutive two atnietive energy intake, and three to

nonrconsecutive days of restrictive energy intake. However, to our knowledge, there were

no human studies have examined the effect of (4:3 IF) on humans Although some animal

studies found such a diet effective in impedealth indicator§l72). Thus, it is not clear

the effect of the (4:3 IF) regimem weight control and health indicators in humans.

1.11. Objectives

A The mai nthimpbojectveas to determmé whether a high protein diet, while
following an IER diet, will improve satiety more than a lpwotein diet combined with
IER.

A T handasy ebjective of s study was to compare the impact of a kjybtein diet
with that of a lowprotein diet while following an IER diet, on the following health
indicators: body weight, waist circumference, inflammation, glycemic control, and plasma

lipids.
1.12. Hypotheses

A We hypothesized that consuming a ami gh
intermittent energy restriction diet would improve satiety more than consuming a low
protein content regime while on an intermittent energy restrigegdrd overweight and

obese women.

A Overweight and obese and women who f ol

protein intake would lose more body weight than those on gtotein IER diet.

A Hpragdin intake combined with an IER diet would imypeanflammation glycemic

control and lipid profiles of overweight and obese women.
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1.13. Study scope and framework

This PhD dissertation was designed to provide a greater understanding of the effect of
dietary protein on body weight status and health indicators (lipids profile, CRP, and Alc),
emphasizing the effects of dietary protein on satiety in overweight and wbesn. The

first section of this introductory chapter highlighted the obesity problem and related obesity
health risks. It then provided a brief definition of the related terms and an overview of the
literature review topics relevant to the research. @tfiect of protein content on body
weight and satiety and the mechanism of the effect of high dietary protein on satiety were
discussed. Chapter Two consists of a systematic review comparing the satiety achieved
through different dietary protein sources different concentrations and textures in
randomized trials. Chapter Three consists of a published paper that served as a pilot
feasibility study to investigate the effects of dietary protein on satiety, CRP, body weight,
and circumference in overweight antbtese women who were adhering for a specific
intermittent fasting diet. This pilot stud
the research design on my subsequent larger study, which is presented in Chapter Four.
Chapter Four investigated thHeets of high protein versus low protein while adhering to

an intermittent fasting diet on body weight, waist circumference, and health indicators
(lipids profile, CRP, andHgAlc) using telehealth methodologies. Chapter Five describes
the advantages andsddvantages of using telehealth for our study during the €®vid
pandemic. Finally, Chapter Six consists of a discussion that synthesizes and analyzes the
main aspects of the dissertation to provide a general overview, evaluation, and explanation

of thecurrent research, followed by recommendations for future research.
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CHAPTERZ2: COMPARISON OF PLANT - VERSUS ANIMAL -BASED PROTEINS
ON SATIETY: A SYSTEMATIC REVIEW

2.1. Abstract

Introduction : Recent studies have investigated the effects of macronutrients on satiety,
and most have indicated that protein, regardless of source, increases satiety and suppresses
energy intake more than other macronutrients. However, the best sources of protein for
achieving such goals remains unclear. This synthesis compares the effectiveness of plant
based protein versus anirt@sed protein on satiation.

Methods: A systematic literature search was conducted in PubMed, CINAHL, Academic
Search Premier, CAB Abstria¢ FSTA (Food Science and Technology Abstracts) and
Embase for studies for published from inception 1998 to January 2019. Randomized
controlled trials that compared the effects of plaptsus animabased protein sources on
satiation in humans were incled. Risk of bias of included studies was assessed using the
Cochrane rislof-bias tool for randomized trials (RoB 2).

Results The search identified 1,200 unique studies. Following review of studies (titles,
abstract and, when relevant, full texts) 23 remained. In&6&participants were included.

Most of the included studies observed that plant protein is as efficientnaal @notein in
enhancing satiety. Most studies were assessed to be of moderate quality.

Conclusion: Although current data suggests that plaased protein may be advantageous

for satiety, further longerm studies are required to investigate the effefotarious plant

based proteins on subjective satiety.

Keywords: protein sources, satiety, dietary proteins, satiation
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2.2. Introduction

The worldwide rise in obesity has mainly been attributed to increasing energy intake among
individuals (1). Typically, the recommended strategies for obese individuals include
fasting and severe energy restriction, which are associated with increased hunger,
consequently increasing the difficulty of adherence to these(&)efBhus, it is crucial to
comprehend the mechanism of appetite hormones and the factors that influence their
function, particularly nutrient composition and consuming behaviour. Understanding these
factors can aid in the developmentdiétary plans that promote satiety and reduce the

likelihood of excess overeating.

The hunger and satiety control centre is located in the hypothalamus, which is affected by
hormones that regulate food intake. The hormones GluddgoReptidel (GLP-1) and
Peptide YY (PYY) influence feeding behaviour by regulating appetite and the feeling of
fullness (3). GLP-1 is an incretin hormone that enhances satiety by regulating blood
glucose levels by increasing the amount of insulin released frtarcbls after eating. It
l'imits the secretion of the hormone glucag
and sl ows t he 4 Onmaatedi fduwnd teatmpide guiffenirgy from GLP
deficiency consumed more fat, whereas mice injected with-GicBnsumed lesb).
Treatment with GLPL receptor agonists is currentynployed for obat/ remediation,
especially in people with type Il diabef@s PYY is also considered a satiety signal due to

its inverse relationship with the caloric load. PYY concentration begins to rise after less

than 20 minutes of eat and leads to a feeling of satiation once it reaches its(peak

Several studies have investigated the association between macronutriesaietpdand

most indicate that protein increases satiety and suppresses energy intake more than other
macronutrient$8, 9). It has been shown that protein contributes to an increase in the release
of gastrointestinal appetite hormones, such as PM). Additionally, previous studies
suggested that high protein intake may contribute to reduced ghrelin hormone; ghrelin
typically increases hunger in response to a restrictive energi dijeh high-protein diet

is recommended for controlling appetfte?), but the evidence regarding the contribution

of animatbased protein versus plant protein to satiety is limited and inconsistent. Animal
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protein sources are usually considered to be of higher protein quality than plant protein
sources because they contain all essential amino acids and have a higher protein
digestibility corrected amino acid score than plant prot¢#8). However, animal foods

tend to be higher in saturated fathich has been associated with a high risk of
cardiovascular diseagg4). In addition, although most plantgtein sources do not contain

all the essential amino acids, or all of them in sufficient quantities, combining protein from
different plantbased sources can result in consumption of all essential amino acids and in
sufficient amounts. Therefore, a dietathexcludes animdjased protein can provide
enough total protein for healthy adults. Evidence has indicated that eopkat diet is a
healthy alternative to an animal protein ig8). Additionally, plant sources contain a high
amount of fibre, making them a possible alternative to arsmatced protein in satiety
regulation(16,17)

Despite the recognition of the role of protein in enhancing satiety, a need exists to
investigate how effective plaased proteins are compared to anibeded protem for
controlling energy intakeOne reason is that the number of individuals who have adopted

a plantbased diet or have increased the amount of filaséd food in their diet has risen
(18)an increase that has occurred for multiple reasons. It may mostly have been driven by
a desire to protect the environment and a concern for animal wélfxeReligious or
philosophical reasons may also have fostered the adoption ofbplket diets(20).
Additionally, the reported health benefits of a vegan diet may be why individuals desiring
a healthy lifestyle have adopted a ptaased die{(19). Therefore, this paper aims to
explore whether the effects of plant and animal protein on satiety are different with

consdering the protein concentration and form.

2.3.Methods
2.3.1. Search Strategy

A systematic literature review was conducted to determine which protein sources are likely
to result in the highest levels of satiety. This review was conducted in five databases:
PubMed,CINAHL, Academic Search Premier, CAB Abstracts, and FSTA (Food Science
and Technology Abstracts) and Embase. Additionally, a search was performed of reference

lists of the original relevant papers to access further studies that might be eligible for the
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review. The review included primary research studies published irreeewed journals.

The search strategy was limited to studies in the English language. In PubMed the
foll owing search terms were employeety : O0sa
responseo AND fdAclinical trial o AND Ahuman

Aprotein sourceo.

2.3.2. Selection and Exclusion Criteria

Once the initial search was completed, all articles were evaluated for quality and relevance
to the research questions. @ts were eligible for inclusion if they: (included adults,

(2) compared at least one type of animal and glased protein intervention on satiation

or satiety, (3) used randomized controlled trials or randomized crossover studies, (4)
included a tremnent and followup duration that was at least 3 hours, and (5) reported the
protein source, plus macronutrient composition (6). Visual Analogue Scales (NV&8)

utilized to measure appetite sensations, and food and energy intake had to be measured via
avalidated approach. Studies were excluded if subjects took any medication that may have

affected their metabolic state, satiety, or mood.
2.3.3. Data Extraction

Data extraction was performed using Covidence, which is abasbd software certified

by Cochrane tstreamline and facilitate the review proced{@®). All studies selected for
inclusion were designed to compare at least one type of-lpaedd and animdlased
protein. Extracted from each study were population characteristics, comorbidities, study
design, blinding, types of protein diet®acronutrient intake distribution, duration, and
washout period (Table 1). To clarify any unclear or missing information in the included
studies, we contacted the authors.

Included studies were assessed for risk of bias using the Cochrane Risk ofoBfas to
randomized trialg22). This review was conducted in accordance with the PRISMA
guidelineg(23).

2.3.4. Risk of bias assessment

The "Risk ofBi as 0 assessment tool devel oped by t
was utilized to assess all included studies independently. This tool assesses the risk of bias

in the following components of the studies: the randomization process, bias arising from
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period and carryover effects, bias due to deviations from intended intervention, bias due to
missing outcome data, bias in the measurement of the outcome, and bias in the selection of

the reported result.

2.4. Results

2.4.1. Studies Included

The preliminary database search identified 1348 studies that were potentially relevant to
the topic; 148 of the 1348 studies were excluded due to duplication. After screening the
title and abstract of the remaining 1200 studies, 1063 studies were exdlugl¢d not

being relevant to the topic. A fuléxt screening was performed on the 137 studies and
eighty-four studies were excluded because they did not involve a-lpdaed versus
animatbased protein comparison (Tablel). Fourteen studies were excudet non

human trials, twelve studies were excluded due to the inclusion of children, and four studies
were excluded due to the trials not being randomized. Consequently, in total-twenty
studies were included in this systematic review. A flow cbfthe selection process and

reasons for exclusion are shown in Figare

49



0 Recordsidentified through

*g‘ database searching

= (n=1348)

)

°

“

o Recordsafter duplicates removed

c (n=1200)

3

q Records screened
(n=1200)

> Full-text articles

% assessed for eligibility

) (n=137)

w

)

B

E

T Sudiesincluded

< (n=23)

ﬂ:

Figure3 The flow chart of the study selection

Records excluded
(n=1063)

Rull-text articles excluded, with
reasons
(n=114)

84 did not include plant
and animal protein
14 not human trials
12 included of children
4not randomized trials

5C



"y &y (6) umod
"Gz (6) WITS 0¢€
(6) seIpAyoge) :BIp Aos
vy &€ (6 ) umod'gz AY6% 97" TNG'0Z INg
(¥ )epree (6) A e6eNG ez pofe ‘(Lewom  (92)0T0Z
sfep/'skp . pnbi7 | eeipAyoge) ueloid ABUM | Eepun | ‘pezwiopley | €T PLe LeW STSINMe Ay 9z ‘e BSeus)ly
‘q4ed
96G'G6 PUe B} 9 £°€ ‘ulod
9%¢'T BIp areupAyoged
BIp UM ‘g %0 P pozLUopLE)
B} %0T ‘UR0Id 940G :[esw PSSO
A0S ‘0:@ 9407 pLe B} %0T p3]104U0D
‘ugoId 050G :[EBW URSED | pulgggnoq |  -00eIRld
apipAyog@ 6 77 ‘BB 0
‘ugoud (6)0z :fesw ulwnge
66 ‘opIpAyoqmed B 1> ‘)
60 ‘uoud 6 oz :[esw foym
B1 pbg ‘umoid b oz
(oW Uk ‘BpIPAY0GRD (¥2)
67> ey 60 ‘umoud /b0 1102 ‘B P
INQI'A 15 2 o ‘Uai zg | ewes-nogy

NWOY . Te 2 INgAE9N | (S2)TTOZ ‘fe
2€affe Ul pue LBWOM Ues| € | B UoSaYdY

M ¢ [I)$IN0Y G'G | pinbi]

JBAOSS010

SInoy 6 pinbi 60z ;oW upioldesd | puigolbuls | pezwopley g
polkd
Inoysem ‘uoleing | adAy [ea |\ BIP UOUBAJBU| Bulpug ubsaQ uonendod uoneyn

Salpnis papnjoul Jo sanslaoeIey) yajgel

51



/6
T (@og ) Ng'AET9G )
B} 0% TT afe Jy=u1ybempBro NE\mv_
pue g %8T ‘ugoid %T/. bnrossoy € (@02 ) INglse 0 S (0€)9002
sfep, sinoyg | pinbi BIp BYM pue BIp Aos | lespun ‘pazwiopuey afk ‘Uaw ues| Gz ‘S18lars 22 | ‘[e 1B uemog
apIpAyoqed
%8’ ‘Bl %t SE
‘uRoid 98'6T [ Aos S
apIpAY0QqIED oy Ty
%62 PUE ‘B} %9'GE BAOSOR -y e NN T¥E * 0 vabe | (62)yTOZ ‘e
YPOM 2-T oM T pljos ‘ugoid 98'6T W B3 ON pezwopuey ‘Ul G ‘uawaw GT ‘AyldY 0Z » weyleg
%0,
109 Sie} par.InIsSuUNoUOW
pue seIpAYoqLeD (b
B} por.Inies woly Abpus N 626¢ :ng) '(Kogue
10 95/> ‘ugoid 950z IST :121p 081[04UOD ‘A 9'pG) afe oG=u dno.b |0 Juod
peseq-fewue SRIPAYOgED Il 5'(82.€ )  IING AZ8SE 'L'9S .
%G/ ‘uRold %ST ubep pieed afe ‘gp=u dnoub ueBon)afe | (82)600Z ‘e
ouSeamy/ | pios WoJj 90T PIp peseq ueld | xedpun ‘pozWIOPLRY | ‘sopqelp ||9dA yimsynpe 66 | B Pleuleg
Te)
98T¢  ‘9RIPAYOgID %N /B
8y ‘uaoldiez v Z BIp Aos 0g ekno 16 A os‘wyby
Nej o4ze  ‘oRIpAyogres czdno ib foym‘wbyg
N 6% ‘umoid eGzdno 16 |opuod g A
%2 ¥ ¢ BIp foum Bf %z drso 16 NAB'A@no 4B
8¢ ‘PRIpAyo0EYZ 8 G BAOSOl0 | N Fogm ‘Alen 0 4 6 joauoo (22)1102
uou ‘M €2 | pinbi ‘UROIANAT 7 TRIP [04U0D | puljg9ignog pozwopuey  afe ‘UsWow GE PLe LAl 1€ €/ ‘e Beg
poied
noysem ‘uoiteanq | adAy [ea |\ PIp UoUBAIBIU | Buipuig ubsaq uone|ndod uoneyd

Salpnis papnjoul Jo sansiaorIey) gajgel

52



B} % 8 ‘ORIpAyoqgIeo

9685 ‘uR01dY, Y€ I URSEd AP (v€)

B} %/ 'SRIpAYoam % 19 BAOSSOD N gz INg AgS  pefe  oToz ‘lew

SHEAM Z ‘SHEIM 17 pijos ‘ugoud 95ee umoud fopeg | Buipulg pezwopuey | uswow / pue uau 9T AyiedY £2 supjuer
sop.IpAyoQged
%19 pue Bj %S¢
pue ‘ugoid 94T :181p Aos
‘B %S¢ pue ‘soeipAyoqren
9%0§ ‘URoId %Gz BIp

BB yim Aoum ‘e 965z pue MBI6DE NGNSV 8S (€€)

‘SORIPAYO0ID 9406 ‘Uiaoid ubssp p|erd pefe uswaow OE pLe uaw 9z 1102 ‘e ®

SHeeW ¢T plios %62 ‘BIp uplold feym | Buipuyg pozwopley | ‘sjeedioned sopgeip gadAL 95 | zomognyer

B} %t7¢ pue .

‘SSRIPAYOa® 04EY ‘UR04d BAOSS0.0 NE_wv_ 9 "€¢ (ze)c00z e

sfp Ligsinoy L | pijos %EE ‘BIP 990 pue Aos | puljg9ignog | ‘PezZuoptey | A ‘Kgz  pebe)sine Tz | B selfnog
e}
%6 pue SSRIPAYOGED %99

‘uoud 954Gz :reaw ued ey —
%6 PUe SIRIPAYOGED 9699 BNOSS0I MMWE "€ ¢ (1¢),10¢2 ‘e
YeeM TO 1oy g pIoS ‘ugoId 945Gz [eew ewiuy | ‘pulig-abus ‘pozwopey | g MAzty 2 2) afeuau gz | BSeybnoq
poised
Inousem ‘uoneung | adAl lea BIp UONUBAIBIU| Buipung ubiseg uone|ndod uoned

Salpnis papnoul Jo sansuaorIey) gajgel

53



BJ% GC
pLe 0@ %G ‘uRoId 9408
10 ‘Tejos GZ pue sripAyoqred

% G5 ‘uR0Id 9402 0 Ty N wbdex "6 ¢
% G PUe SRIPAYOGRI 4G9 BAOSSON ) © 78 NNEHFN ‘TG ) (6€)
OU ‘SXeaM {7 pljos ‘ugoud 0407 :feym pue Aos eapun pezwopuey afe uawiow £z pwe LauUTT € | 9T0C ‘e © 17
% 9°6E Tel pue apIPAUYOQ D BAOSSON Nw/Basor ¢ 1wg A (8€)866T
M TosINoY vZ | pljos % 8'Gr ‘uRoid %G yT e | pulgolbuls | pezwopwey | 9'g z ¢ ofeivaw AymyzT | ‘e P bue]
B} %62
‘arIpAyogm@ 94 Z9 ‘uoid
% 6 ‘[eow awnbh a7 eaw Ppa1]04UGD
163 B} 96 8 SRIPAYOGE i L/ (29)
%ES ‘uRoId % 6T BAOSOD N 6 Gz €2 INSMBW v 2| 9T0Z‘e®
M PDSINoyg | plos .Jeswawnba % [esW 18BN | pullg-9ignoq |  PeZLUopuey Bk ‘Usw AyiBY € | UssUSKSIIY
B} % 9'8€ ‘SrIpAyoq® %tri
‘uRo.d 95/ 9T :[eawW Njo} Jey Wy0Y S¢7 152 [1INg ‘AG90€ pefe (9e)
% 9'8€ ‘SRIpAYOU %ty BAOSSO | “Oz = u) uiaw Ayyy pe ‘(0z |  6T0C ‘e ®
Jeapun $inoy g plos ‘ugoid 94/ 9T :[eaW yJod eapun ‘pozuopey | =u) usw a8go ‘(0Z = U ‘qzl) | eAroluBWe|M
Bl 969°6¢ pue arIpAY0Qe0
%9'2SG ‘'UR0Id 948"/ T :[esw
umio.d ue|d B} % ' TE pue By - e
aRIPAYOQIYLE 0G ‘UR0.d BAOSS010 MNAET ¢ ¢ -INE (se) LT0Z
MM TOSINOY ¥ | PIOS | %E'8T :[esw uploud [ewiuy ON ‘poziuopey | gz £ ¢ Bfe taw Ay oy | ‘e RIWM
polied
Inoysem ‘uoneing | adA res |\ BIp UONUBAJBIU| Buipuig ubseg uolre|ndod uonei)

Salpn]s papnoul Jo sonsualoeIey) gajgel

54



B} %0¢ ‘9RIPAYOQIRD
%SG ‘ugoidosGe

10 78} G ‘SRIPALOGIE Wbt g0y
(presno) 9%GG ‘UB0Idos0T ubsop BA0ss0 | 8z IINg A& ¢ e uswom | (Si)600C ‘e
sfep € $1noy 9 | piosiwas | :fesw Asym pue Acs ‘urse) | pulig-ajbuis | ‘pezuuopuey T PLe Lau OT AYigeY 2 | 1 1SI0UpRA
9eWs) Jo} BJ %0€ ‘ORJPAUY 00D
LJUOLLIBUO L S[eW %01 ‘URod 0508 BIP BACSS0J0 NG SIBA 8T (vv) 0102
lojs/ep € Sinoy 8 p1os uL10.d [ewiue pue e|d eapun ‘pezwiopwey < pefe uswaw € pLe ual 6 ZT ‘e UL
B} %82 pue . _
poledinoysem ‘apIpAYoam %G ‘umoid o5 | pEpUIg BAOSS0ID LPi6g © €z INg A (ev)8102
QP /sInoygy | plos 6T ‘Sfew Be ‘'sueaq ‘1OIN | 9IBuS poziiopuey N GG 9 zofe ‘Uaw Ay Ge | ‘e B USSRIN
BJ 9 0 pUe -
apIpAUYOD 9% Of ‘Uielold BACSS0J9 w/bygeg v e (ev)vT0CT
Inoysemou pemg | pljos % O€ ‘(W A0S 10 BN | Jeapun pozwopey |INGAF T G pefe lew oz | ‘Te P NsoesN
ugo.d
%02 ‘%0S SASBRIpAUYOQID
%0 ‘UR0.Id 9% 0g 131p ubissp p|erd Wby 2z | (Ty) 1102 ‘[
VYN ‘S¥amg | pljos upio.d jue|d pue fewiuy | Buigebus pezwopuey | O IINg A 98T pefie uswaw 02 | B eBUsION
BJ% L'9pue
SRIPAY0gED %9 9Y ‘URloId e
%9'9Y [W A0S B} %8'9 160
pue ‘seIpAY0gRI%Z ¢S BA0SS010 | N9'tZ [INgG ‘A LN L2 pefe ‘usw (ov)6T02
noy z,Qsinoy g | pinbig ‘ugoud 980 [eeWw ABYM | pulgaIgnog | ‘pazLuopLey 9 pLe UsWow TT ‘Ayiy /T | ‘e B USSP
polJod
Inousem ‘uolleing | adAy jes | BIP U0 JUBAJAIU | Buipung ubseq uone|ndod uoneld

Salpnis papnoul Jo sansueloeey) Gajgel

55



IO N0l §

PIOSHLES

146G UBOAIHGT 0
it M PIL0EL S
UB0I%0T 3 Ugjod
o 10 5 “U1gse1

bulgabus

P00
aTLopey

Unew “¢ zing Ty
77308 WO 47 LB BT 67

(%)
A
SI04pBA

Salpnis papnjoul Jo sansiaorIey) Gajgel

56



2.4.2. Characteristics of Trials

This review included twenty-three studies (See TabW. All included studies were
randomized trials that were performed using either a cros$a€ie27,29 32,34 40,42

46) or parallel desig{28,33,41) All studies compared one, two, or three types of plant
based protein versus anirdahsed proteii24i 46). Considering thathe included studies
usedvaried energyroportionsfrom proteinsfor their test meals, studies were classified

by range (leel) of concentration. Protein levels were classified as high at 20% or more and
normal at 9% to 19%. Fourteen of the 23 studies adopted a high level of protein with 20%
or more energy from prote({25,28,3034,39 42,44 46). Ten studies adopted an average

of 9% 19% of energy from protei28,29,33,3537,39,43,45,46)Fifteen studies used
whole food (solid food) as the source of protein con{28{29,31 39,41 44) while eight
studies used protein supplementatio(®4i 27,30,40,45,46) The duration of the
intervention varied from three hours to 74 weeks. While the washout period ranged
between one day to one month, some studies did not have washiogt(27,28,39,42)

and one did not repowthether there was a separation time between interver{86vl)

2.4.3. Blinding

Five of theincluded studies were truly blind€a5,27,32,37,40as participants were not
aware of which type of protein they consumed due to the addition of some flavours that
inhibited the differentiation between protein types. At the same time, the investigators were
not aware of the test meal content during theegrgent. Seven studies were sirglanded
(24,31,38,41,43,45,46)ith the investigators aware of the test meal content, but the
subjects not aware of it. €remainder of the studies were either not blin@j35) or

did not report whether they adopted a blinding de&@n28,3039,42,44) See Table}).

2.4.4. Participants

The total number of participants included in his systematic review is 885. In the majority
of included studies, the number of participants ranged from n = 9 to n = 99. Ages ranged
from 18 to 65 years. Eight studienvolved only men(24,30,31,35,37,38,42,43)vhile
fourteen studies involved both men and wor{&5i 29,32 34,36,39,40,4446). One study
included oy women(41). Three studies included diabetic individué28,33,36) while
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the rest included healthy subjects. Weight status varied among the included studies and

involved normal, overweight, or obese adults with BMIs between 20 to 3%.kg/m

2.4.5. Satiety measurements
All of the 23 included studiesse visual analogue scales (VASSs) to estimate various
dimensions of satiety, hunger, and level of fullness ratings over different time points,
starting at 30 minutes following the completion of the test meal consunfgdod6). For
periods ranging from 1 to 4 hours after the test meal, a standard lunch was provided to the
participants with instructions to consume as much as they needed to feel full t&aggd s
included both blood sample collection itaterpretchanges in appetite sensations and

postprandial responses of GilPand PYY(2,6,11,14,16,17,19,21)vhich represents the
measurements tools for satie®7). See Tablé.

2.4.6. The effect of protein sources on satiety

Fourteen of the 23 studies adopted a high level of protein with 20% or more energy
from protein(25,28,301 34,39 42,44 46). Twelve studies out of fourteen studies
found that there was no significant difference between {las¢d and animal
based proteins in the effect on satié2@,30 32,34,3942,44 46). However, two
studies found that protein sources provided different effects on S2t88) One
of these studies found that pldrdsed prtein provided more satiety than animal
protein(25) while another studyeported thahnimatlbased protein provided higher
satiety than plarAbased protei(33). Ten studies adopted an average of 9986 of
energy fromprotein (28,29,33,3b537,39,43,45,46)Seven studies out dese ten
found that planbased and animddased protein provide comparable effect on
satiety(28, 35,39,43,45,46However, two studies found that pldrdsed protein
provide higher satiety than amal-based protein(33,36,37) while one study
reported thatinimalbased protein provided higher satiety than plzaged protein
(33).

Fifteen studies used whole food (solid food) as the source of protein content
(28,29,3139,41 44). Three studies of fifteen studies found that pllaased protein
induced satiety more than anintased proteif29,36,37)and one study found that

58



animatbased protein induced more satiety thamiplbmsed protei(33). While
eleven studies found that aninteised and plafiiased protein induced similar
satiety effect (28,31,32,34,35,38,39,444). Eight studies used protein
supplementationf4i 27,30,40,45,46)Six studies out of eight reported that there
was no differences between plrased and animdlased25,26)

Table5 Reported associations between protein sources and satiety

Citation Satiety rating Endocrine Major finding

measure

Melson et | 11-point scale NA Cc

al (40)

Bayham et VAS PYY3-36 | € plantincrease satiety more

al (29) than animal plant protein on
dayl, day T

Bowen et al VAS CCK and C

(30) ghrelin

Acheson et VAS NA Soy and caseirt satiety more

al (25) than whey die but with carb die

Lang et al VAS NA Cc

(38)

Abou- VAS NA C

Samra et al

(24)

Neacsu et a VAS GLP-1, Cc

(42) ghrelin,

and PYY

Nielsen et VAS NA C

al (43)

Kristensen VAS NA Plant protein¢ satiety than

et al(37) animal protein

Veldhorst VAS NA C

et al(45)

Jenkins et 2 bipolar NA C

al (34). semantic scales

Jakubowicz VAS C-peptide | ¢ Whey protein diet increase

et al(33) and iGLR1 | satiety than mixed and pla
protein diets

Li et al(39) 100-mm NA C
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guasilogarithmic
VAS
Morenga et VAS NA C
al (41)
Dougkas et VAS NA C
al (31)
Kehle et al VAS GLP-1, PYY C
(35)
Barnard et VAS NA C
al (28)
Bowen et al VAS GLP-1 C
(30)
Douglas et VAS GLP-1and C
al(32) PYY
Tan et al VAS NA C
(44)
Klementova VAS GLP-1, ¢ plant meal more than anim
et al(36) amylin protein
Alfenas et | 9-point bipolar NA Soy diet less fullness and satie
al (26) category scale _but that did not change in ener
intake
Veldhorst | 00 mm Visual | GLP-1 C
et al(46) Analogue Scale:
Baer et al VAS NA C
(27)

¢ indicatesincreasesatiety more
C indicates no difference between plant and animal protein

2.4.7. The risk of bias assesment

Ten (43%) of included RCTs were identified on processes of randomization and allocation
concealment that were determined to be at high risk of bias. The majority ieEgtb@P0)
were found to have a medium risk of bias in the selection of the reported result, while only

4% of RCTs were determined to be at low risk of bias (See Figure 4).
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2.5. Discussion

2.5.1.High protein content

Fourteen of the 23 studies adopted a high level of protein with 20% or more energy
from protein (25,28,30' 34,39 42,44 46). Studies on the effects of high plant and
animal protein consumption on satiety and satiation are limited, and the results are
inconsistent. Studies using adults with normal, overweight, or obese body weight observed
no difference btween the effects of plant and animal protein intake on satiety rating or
satiety hormones, including GLPand PYY(25,28,3032,34,4042,44 46) (See Table

5). Neacsu et al., for example, examined the effect of meat and soy diets on weight loss
among obese males and found that both diets induced comparable effects bhRAR

and subjective satietf42). This study indicated that both diets similarly reduced body
weight (42), likely due to a reduction in total energy intake. Similarly, a itevgh study

that compared breaénriched with barley protein or casein protein consumed for four
weeks found that satiety ratings were similar among barley protein bread treatment and
casein protein bread treatmé¢s8). Previous results were broadly consistent with evidence
that varying the higiprotein source has little effect on satiety and food intake responses
(49). For example, Bligh et al. concluded that even though adding fish and almonds to
Palaelithic-type meals more than doubled the amount of protein, the increasing satiety
was similar regardless of the protein sources and protein cdd@ntAnimal model
experiments have shown that different protein sources do not cause a difference in appetite
or food intake suppressid@3, 24) However, Bayham et al. established that the effect of

a high planiprotein diet (i.e., soy) on satiation surpassed that of an apirotdin source

(i.e., egg protein(29). It is critical to note, though, that the plaahd animabased protein

meals were not matched for fiber content and glycemic load co@@ntlakubowicz et

al. conducted a rawndnized trial on 99 individuals with type 2 diabetes to compare the
effects of protein sources on satiety over 12 weeks and reported that -pnotesy diet
enhanced satiety more than a mixed source of protein andbglsetl protein diets.
Neverthelesstiis unclear whether they would have achieved the same results in healthy
individuals(33).

62



This review found that high protein content, regardless of the protein source,
contributes to enhancing satiety. High protein intake stimulates appetite in several ways.
Some evidence has indicated that increased protein concentration in a diet le&ds to th
increased production of ketone bodies, which play a principal role in satiety repression
(53). Additionally, a highprotein diet could help to maintain plasma glucose levels through
glucose produced by amino acids, in which decreasingdlbdbucose levels stimulates
hunger(54,55) Ghazzawi andMustafa have noted that higitotein diets enhance the
regulation of glucose levels in the body because they contribute to regulating the enzymes

that create gluco94&6).

2.5.2.Normal protein content

Ten studies adopte an average of 9P49% of energy from protein
(28,29,33,3b637,39,43,45,46)The experimental data involving normal protein diets (9
19% protein) are consistent. Most of the included studies demonstrated that plant and
animal protein diets similarly increase satiety. One randomized controlled study
investigated, for instance, théfexts of plant proteinand animabased diets over 74
weeks on fullness and appetite response among type Il diabetic indiigd8galé high
level of satiety was attained on both diets but no significant difference ity sasie found
between the die{&8). A few studies have reported that protein sources affect satiety levels
(29,33,36,37)Klementov et al. notechait tofu meals provided greater satiety than pork
meals in individuals with type Il diabeté36). Another study observed that subjects had a
lower energy intake after nsuming pasta with either tofu or mycoprotein than after
consuming pasta with chick€n7), although these results are confounded because the tofu
based meal contaidemore fibre and energy than the chiclkesed meal. Additional
studies reported that satiety increased more after vegétasdel meals than after animal
based meal&37), perhaps because plardsed foods tend to be higher in fibre content. It
is noteworthy that in most studies that found that gb@sied protein increases satiety more
than animabased protein, the fibre content was higie the in plantbased foods.
Although the ability for fiber to increase satiety appears to vary with the type and source
of the fiber(58), overall, fiber seems to mostly promote satiety and fullnesghwcould

confound interpretations of the effect of protein source on satiety &&)ls
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Not all studies have determined that plant protein benefits satiety more than does
animal protein. Alfenas et al. reported that soy meals produce less fullness than animal
based meal&6). This finding may have arisen because more than half of the subjects did
not complete the soy portion of the experiment, which could have biased the results.
Soluble fibre slows passage of food and seems to bhadirecomponent. Insoluble fibre
speeds passage in the gut. More research is needed comparing soluble vs insoluble fibre on
satiety.

2.5.3.Supplemental protein and satiety

Most studies involving protein supplementation in a test diet reported no difésranthe

impact on appetite among soy, casein, and whey (22, 28, 32, 39, 44, 46). Nevertheless,
Alfenas et al., who compared the effect of casein, whey, and soy protein on appetite,
observed that during the casein session, the energy intake decreageshterdatiety was
reported than during the whey and soy sesgiB6s A shortterm randomized crossover

study showed that there was relativigygs fullness after eating whey than there was after
eating casein and sof25). These findings are consistent with evidence that whey
undergoes more rapid digestion and gastric emptying than casein, thus reducing satiety
(60,61) Thus, casein has a more significant effect on enhancing appetite in the long term
than in the short tern@6061). The differences in physical properties, concentration
differences of the amino acid, peptide size distribution, the degree of hydrolysis of
peptides, and the level of purity of isolated compounds in whey, soy casein, and pea
proteins could also py essential roles in these differing findings on fullness and hunger
(62,63) A review investigating the meahisms of proteiinduced appetite modulation
established that proteinduced satiety in protein supplements is influenced by the amino
acid type and the level of supplemémiuced thermogenedi82). For instance, Veldhorst

et al. compared wiye casein and soy meals that derived 10% of their energy from protein
(46).. They reported that whey induced greater hunger suppression than casein and soy
which derived 10% of their energy from protein. However, the difference between
treatments vanished when the protein concentration was increased to 25% of the energy

from protein(46).
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2.5.4.Whole Food Meal and Satiety

This review found that animal and plant protein led to similar hunger suppression
(27,29,30,33,35,36,38,40,41,46imilarly, one shorterm intervention condied on
healthy individuals to examine the effect of a normal protein level from different sources
established that both animal and plaased diets increased GlP and PYY
concentrations. They also noted that both diets similarly enhanced {48¢tin contrast,
two included studies reported that plant protein was more effective than animal protein in
generating fullnes®9,37) There are many potential reasons, such as confounding factors,
for these inconsistent results among studies. For example, variations in the time spent
consuming meal¢64,65) the size of the meal®5), or the stidy design could have
impacted satiation and satiety. Additionally, these inconsistencies may have occurred
because these studies did not control for a confounding factor in appetite: that the plant
meals contained more fibre than the animal meals. Diéitang can increase satiety and
decreaseenergy intake (66). However, further complicating the effects of fibre, a
comprehensive review of 136 studies on the effects of type of fibre on appetite and energy
intake reported viscous fibre types to be the most beakfi67) A separate study
concluded that nemiscous soluble fibre also increased satiédp). Another reason for
inconsistent results is that adopting one type of measurement to determine satiety may
produce inaccurate results and discrepancies. For instance, Bayham et al. observed

increased PYY levels after plant meals but found no reduatienergy intaké29).

2.6. Limitations and implications

To our knowledge, no systematic review ordigpth analysis has compared plaantd
animalbased protein diets in varying concentrations and protein forms, (e.g.
supplementation and whefeod meals). Appetite is considered a complex research topic
because of its confounding variables, and it is an intractable problem to control all of them
in research using freezing humans. Thus, this systematic review did includea meta
analysis because of the diverse protocols of the included studies and VAS scoring
approaches among the included studies were different. As a result, the results of this
systematic review have limitations. Nonetheless, we minimized thes&tions by

assessing the quality, intervention methods, and standardization of the criteria of each
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study. Nonetheless, we minimized these limitations by assessing the quality, intervention
methods, and standardization of the criteria of each studyn@leled studies had limited
variations in plantand animabased protein types, with most research utilizing soy for
plant protein. Few studies involved other legumes as the-lptesatd protein or red meat as

the animalbased protein. Moreover, 90% ofethncluded studies were shaerm
interventions. Longeterm interventions are needed to produce clear results and examine
the effects of protein quality on satiety because many dietary interventions are effective in
the short term but fail in the longrie.

2.7.Conclusion

This systematic review provides evidence that plant protein sources could be an effective
alternative to animal protein sources in enhancing satiety. Interestingly, protein sources
provide a comparable enhancement of satiety regardlessxifré (i.e., whole food
compared to a liquid meal) and protein concentration (i.e., high versus normal protein
levels). Nevertheless, further research is necessary to determine the effect of plant protein
on satiety by controlling for such confoundingttas as fibre content and energy density,

and how protein source affects satiety in the long term. Doing so will clarify the association

between protein sources and satiety.
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CHAPTER 3: INTERMITTENT ENERGY RESTRICTION COMBINED WITH A
HIGH -PROTEIN/LOW -PROTEIN DIET: EFFECTS ON BODY WEIGHT,
SATIETY, AND INFLAMMATION: A PILOT STUDY

-EEEwS$ DE wduEOFERY BHw, 6 w! UaEOU w

3.1. Abstract

I ntermittent energy restricted (I ER) di et
management aipsgprmialcht dthudyh, we Iinvestigate
systemic inflammation and i f maintaining a
woul d enhance satietyi55SiyeahesalwtiiBy WgBdin, o
were randemi addete -bbor pirphen na lIERwdi et usi
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| ER diets but reported greater satiety wher
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3.2. Introduction

The worldwide prevalence of obesity is rising. According to the World Health
Organization, approximately 1.9 billion individuals aged 18 years and older are overweight

or obes€1). By 2025, global obesity rates will reach 18% for the male population and 21%

for the female populatio(®). Evidence shows that obesity commonly generates adipose
tissue dysfunctior§3,4). The excessive accumulation of fat in adipocytes can result in a
decrease in mitochondrial metabolism, and an increase in the releasardgfgononatory
adipokines, such as TNF a n-@ (4).| Additionally, this chronic lowgrade systemic
inflammation can act as an underlying risk factor for developing many chronic diseases,
including type Il diabetes, cardiovascular disease, hypertension, aret G§nédipose

tissue also synthesizes and secretes certain hormones, such as leptin and adiponectin, which

play essential roles in appetite regulat{bn

Recent epidemiological studies show that dietary strategies involving intermittent energy
restricton (IER) are beneficial therapeutic interventions for the prevention or treatment of
inflammatory diseaséb,7). IER diets restrict energy intake from one day to a few days a
week, followed by intervals of refeeding in the remainder of the week. Vargrs®us of

IER diets restrict energy from 75% to as low as 10% of the total energy intake required to
maintain body weight. IERdiets have been demonstrated to improve metabolic
performance and cellular modifications that contribute to reversing oxidative damage and
inflammation(8,9). These diets may also be effective at regulating blood glucose levels
and enhancing metabolic ootoes(9). In addition, recent evidence indicates that IER diets
can serve as an alternative to continued energy restricted (CER) diets for weight loss and
to improve health indicators like decreasing-prlammatory markers. For example, a
recent randomid controlled trial compared an IER strategy to a CER diet in adults aged
between 18 and 45 years with a BMI of 288.0 kg/m2. They reported similar benefits

in terms of hunger and health markers such as total cholesterol adehsity lipoprotein
cholesterol over the 12 weeks, although some indicators suggested that the IER diet may
be more beneficig]l0). A systemic review that compared the effect of IER to CER diets

on weight loss also reported that both have similar effects on weighfllfssGiving

further credence to the efficacy of an IER diet, a recent systematic review, which included
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27 randomized controlled trials on women and men who were overweight or obese, found
that IER diets reduced both body weight and fat nib3s

Many versions olER diets are purported to be beneficial. Some of these alternate the
intervals of energy restriction versus normal energy intake; currently, the optimal protocol
for an IER diet is unclear. A study using an animal model has demonstrated that three
conseative days of energy restriction were associated with greater improvements in
insulin sensitivity, inflammation, and even the regeneration of failed pancreati¢1&lis
Nevertheless, the benefits and feasibility of such diets for human subjects have not been
adequately identified and investigated. Interestingly, a recent study demonstrated that an
IER diet modified the hypothalamic expression of critical genes that\askvéd in lipid

metabolism, inflammation, and the regulation of the insulin and leptin pati{ivgys

Non-adherence is a common issue with human dietary interventions designed for weight
loss, especially in diets that depend on restricted energy ifi&ke For instance, a
systematic review and megaalysis involving 45 randomized controlled trials that
examined the effects of energy restriction interventions in obese individuals reported that
nearly 28% of subjects dropped out due to-adherence to tlredietary interventions

(16). Accordingly, increasing the ability to adhere to an IER diet is an important factor for
its succesg15,17). One of the critical elements for adherence may be increased satiety.
Thus, including foods that increase the satiegnergy restricted diets, such as foods with
higher protein content, may increase adheréh8e

An IER diet that increases the protein content of the diet while restricting the fat and
carbohydrate proportions will result in a higher calculated &talgy intake than a diet

that decreases the intake of all three macronutrients. However, this difference in protein
intake is unlikely to profoundly impact total energy availability because protein is used by
the body sparsely as a primary source of en€id), yet it is the macronutrient that
provides the greatest sati€B0). Therefore, in the current study, our primary hypothesis
was that a higher protein content combined with an IER diet will facilitate adherence to the
diet because protein intakeh@mces satiety. Secondly, we hypothesized that an IER diet

will reduce inflammation independent of protein content. Since this is a feasibility study,
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we examined the feasibility, effectiveness, and acceptability of an IER diet-atdosus
high-protein content to improve health indicators such as CRP, body weight, waist

circumference, and fasting glucose.
3.3. Materials and Methods

3.3.1. Participants

In the summer of 2018, we posted the study poster in LISTSERVs for recruiting
participants in Halifax, Nova Scotia, Canada. We recruited six women between the ages of
33 and 55 years with a body mass index 6f387kg/m2. Only women were included in
orderto increase the homogeneity of the participants in the study considering the small
sample siz€21). An additional reason for selecting only women was that clinical trials
have shown differences between men and women in appetite sensations and appetite
regponses to macronutrient content changes in g&3. We also narrowed the age
range of participants because evidence has demonstrated physiological differences in
sensory satiety among age groups (i.e., adolescent, middle age, and éde?fy) We

also selected participants who were in a discrete range of overweight or obese measures.
For the purpose of this study, overweight and obese criteria were determined by a body
mass index (BMI) between 27 and 33 kg/m2. By excluding obese individuals wl@ ha

BMI greater than 33 kg/m2, we excluded those who were more likely to have undiagnosed
obesityrelated chronic disea$26). Additionally excluded from this study were pregnant

or breastfeeding women because of their greater nutritional needs, as \wellviduals
predisposed to or with serious diagnosed health conditions. Participants taking prescribed
medications that could affect their metabolism and possibly their immune function, such
as those with special dietary requirements for a health éom@dollected by selassessed
report), were also excluded. All participants were-aomokers who did not consume more

than one alcoholic beverage per day or drink more than two cups of coffee per day, as both
can alter metabolism levels. All participamisre willing to eat the food used in this study,
either the regular (meat included) meal options or the vegetarian meal options, and they

were capable of preparing their own food during the study period.
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For the individuals who were interested in parttipg, we set up individual interviews

for identity protection. This initial interview consisted of a brief description of the study,
objectives, methodology, inclusion and exclusion criteria of the participants, and their
answers to a prepared oral questiaire, which provided the necessary information to
ascertain a participantés wunderstanding o
eligibility. The researcher then measured the waist circumference, weight, and height of
the volunteer and calculatéheir BMI; if the BMI measurement met the criterion, then the
interview was conducted with each prospective participant. The main purpose of the
interview was to go through the sslfreening questions that were already been filled by
participants. Thees ear cher di d not retain a partici
certain of their eligibility and they agreed to participate. If eligibility was confirmed, and

the volunteer fully understood the study and their role, they were asked to sign the conse
form. Participant identification numbers rather than names were used on all materials, and
this information was kept with consent forms in a separate locked cabinet. The study
protocol was approved by the Dalhousie University Research Ethics Boardc(prot
number 20181477).

3.3.2. Study Design

The study utilized a crossver design consisting of two thraeeek treatment periods with
a oneweek washout period with no dietary restrictions between treatment periods. The
participants were randomized to begin waither the low or high-protein IER diet. See

Figure5 and Section 3.3.3.for dietary detalils.

3.3.3. Dietary Interventions

The dietary plan consisted of three lewergy intake days followed by four days of
consuming the amount of energy calculated to maintanty bweight; this cycle was
repeated for three weeks. The two treatment periods differed by protein content in days 1

3, which were designated as PR&hd PRO+ as shown in Figube Between dietary
periods, the participants had one week off so that the effects of the previous diet would
wear off. Doing so helped us assess the effects of each diet separately. Since these are novel

diets, this pilot study was used to inform us ondkesign of a future, larger study. For
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study purposes, we developed quick recipes, which use similar ingredients to those used in

the classic Mediterranean diet, which is generally considered to be a heal(2y)di€he

primary source of protein was ariety of animal and plartbased proteins based on each

participantds preferences. The recipes

by the macronutrient content as described in following section.

Day 1: 50% restricted of total Kcal (17% protein, 28% fat, and 55% carbohydrate)
Day 2—3: 70% restricted of total Kcal (17% protein, 28% fat, and 55% carbohydrate)

Day 4—7: Consuming the total energy required for maintain body weight, 55% of total
energy from carbs, 28% from fats and 17% from protein.

Repeat for three weeks

One-week washout period

Day 1: 45 % restricted of total Kcal (40 % protein, 15 % fat, and 45% carbohydrate)

Day 2—3: 60% restricted of total Kcal Kcal (40 % protein, 15 % fat, and 45%
carbohydrate)

Day 4—7: Consuming the total energy required for maintain body weight, 45% of total
energy from carbohydrate, 15% from fats and 40 % from protein.

Repeat for three weeks

Figure5 Study design.
CHO = carbohydrate; FAT = fat; PRO = protein.
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3.3.3.1. PRO Diet

The PRQ diet consisted of a-day cyclical diet. On the first day of the PR@et, the
participantsodéd dietary energy intake was re
maintain their current body weight. On days 2 and 3, energy intake was restricted to 70%

of the total required energy. The proportion of energy intake from macronutrients remained

at 17% protein, 28% fat, and 55% carbohydrates. The total energy on dayaene
approximately 10001300 kcal, and on days 2 to 3, it was approximately 700 to 800 calorie

kcal. During days 4 to 7, the participants consumed a diet that maintained the same
proportion of macronutrients (17% protein, 28% fat, and 55% carbohydrates) but

amounts calculated to maintain their body weight.

3.3.3.2. PRO+ Diet

The PRO+ diet, the experimental diet we developed for this study, differed substantially
from the PRO diet only in protein content on day$3Lof each treatment week. The
parti ci g@gaemdrgy tntakd was restricted to 45% of the total energy required to
maintain their current body weight. On days 2 and 3, energy intake was restricted to 60%
of the total required energy. The proportion of energy intake from macronutrients remained
at 4% protein, 15% fat, and 45% carbohydrates. The total energy in day 1 was
approximately 12001500 kcal, and on days 2, it was 900 to 1300 kcal. During days 4

to 7, the participants consumed a diet that maintained the same proportion of
macronutrients (4% protein, 15% fat, and 45% carbohydrate) but in amounts calculated

to maintain their body weight.

3.3.4. Anthropometric Measures

The anthropometric measurements were obtained on the first day of the diet (baseline) and
at the end of the third week (the end of treatment) of each treatment period. These
measurements included weight, height, and waist circumference, all of which were
measured according to standardized procedures. To measure height, the participants were
required to remove their shoes and anything on their heads and then stand upright on the
central point of a stadiometer platform with their backs against the wall airdfebt
together while looking straight ahead with their backs and shoulders touching the wall.
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Their BMI was then calculated. Waist circumference was measured while the participants
were in an upright but relaxed position using the World Health Orgamzatthod, which
posits the | oepainttbetwaen the higheatpoint ofi the iliad cieest and the

l ast fl@»ting ribbo

3.3.5. Blood Tests

Blood samples were collected via finger stick after a minimum of 12 h of fasting and tested
for glucose anda hsCRP test at baseline and at the end of each of the two treatment
periods. The CRP higkensitivity rapid test (CRR10, Schwerin, Germany) was used,
which has a reference range for CRP as follows: negative, less than 10 mg/L; positive,
which is diviced into three levels: low, 10 mg/L or less than 30 mg/L; medium, 30 mg/L;
and high, greater than 30 mg/L. These reference ranges were provided by the manufacturer
of the test kits. Additionally, based on the manufacturer of the test kits, the relative
sendivity of the CRRK10 kit depends on the CRP level. Specifically, for CRP values of

10 mg/L, the relative sensitivity is 99.4%; 94.3% for a CRP range of 10 mg/L to less than
30 mg/L; and 99.1% for CRP values of 30 mg/L or greater. For the measuremiematiof b
glucose from serum, the One Touch Ultra (USA) was used, which has been demonstrated

to have sufficient validity and reliabilit§29)

3.3.6. Hunger, Satisfaction, and Fullness

A visual analogue scale is a safsessment tool that dietary researchers ofeetousssess

the magnitude of hungandfullness. The visual analogue scales used in this study provide

a continuum of values in ascending order from 0 to 10, where 0 is the lowest level, and 10

is the highest level represented. These values are classtfiespecific categories, with

each category representing the | evel of a
and fullness. In the current study, the participants indicated their value of each category on
the scale, as illustrated in FiguseEach participant completed the visual analogue scale

by marking the point on the scale that best represented the level of their feelings of fullness,

satisfaction, and hunger during the energstricted dayby end of each treatment period.
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Figure6 The categories for hunger, satisfaction, and fullness on the visual analogue
scale

3.3.7. Adherence

Subject behavior was our greatest concern when considering enhanced adherence to the
diet. Tactics used in this study to avoid high withdrawal rates included the use of whole
foods rather than liquids, because solid foods offer greater prolonged satiety than liquid
meals. Additionally, our study did not require specific times for food wopsion; thus,

the participants could consume meals based on their individual schedules.

Adherence is also enhanced by getinitoring(15). Therefore, all participants were given

a food journal and asked to record their food consumption on fasting dhyisesmbring

their journal to each lab visit. To further encourage compliance, each participant was
contacted at least twice a week by phone or in person. During these communications and
the lab visits, the participants were asked questions that gatherednformation about

how they were managing their diet, and to determine if they were experiencing any
difficulties. Based on ongoing feedback, a researcher also customized the foods to the
preferences of the participants to enhance adherence. All pantisiwere also encouraged

to use the Lifesum app for setfonitoring during nosrestricted days. Additionally, each
participant was provided with an individualized cookbook with recipes for days one to
three of the PROGand PRO+ diets; these recipes cdngir ed t he parti ci pant

but remained commensurate with the dietary plan of the study.
3 . 3Stabistical Analysis

Each numerical parameter (weight, waist circumference, BMI, and glucose)-diepre
values was subtracted from pakét values using SPSS (Version 24). All data were

expressed as mean + SD. Considering that the current study used a single case gtudy desi
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that involved a small sample size, the data were also presented descriptively and

graphically.
3.4. Results

3.4.1. Participants

Six participants completed both phases of
only a single treatméet rasdl|as et iTabl ed

Table6 Baseline characteristics of study participants

Participant Age Body Weight wC BMI
ID (v) (kg) (cm) (kg/m?)
Case 1 49 78.2 93 28.9
Case 2 a7 79.8 91 29.5
Case 3 37 79.9 80 29.2
Case 4 54 90.0 105 33.9
Case 5 51 71.9 84 294
Case 6 44 81.0 88 31.5

3 . 4Bo@y.Weight

Weight loss occurred in 9 out of the 12 interventions, with an overall average loss of 2.40
kg on the IER diets. Similar losses occurred on both the PRO+ (2.45 kg) and 288

kg) diets Gee Figurer). The dietary records of Case 5, who showed a slight gain in body
weight on both diets, indicated that she consumed an excessive amount of energy on the
nonrestricted days 4 to 7 compared to her isocaloric needs. Similasdg, Lreported that

she ate unhealthy food during the restricted days of her BieQwhich may be the cause

of her lack of weight loss.
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Figure7: body weight changes on three weeks of the PRO+ and &R

3 . 4Wai3t.Circumference

Changes in waist circumference varied considerably among the cases, ranging from 0 to 4
cm, with an average loss of 1.88 cm over each of the 12 periods (see3riguptausible

reason that Case 5 did not experience a reduction in heriaishference from her PRO
intervention is that she consumed more than the total energy required to main body weight

on some notmestricted days.
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Figure8 Waist circumference changes on three weeks of the PRO+ anddiriRO
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Most participants showed reductions in CRP levels from the baseline value measured at

their initial rotation (see Tabl&). Three participants with a low level of CRP at the

beginning of the first phase of intervention dropped to negative at the end of week three

and maintained this negative status through their subsequent dietary rotation.

Table7 CRP at baseline and the end of each intervention period

CRP CRP
Baseline Week 3 Baseline End Week 7
(PRO-) (PRO-) (PRO4) (PRO+)
Case 1 Negative Negative Negative Negative
Case 2| Moderate Negative Negative Negative
Case 3| Moderate Negative Negative Negative

83



CRP CRP

Baseline Week 3 Baseline End Week 7

(PRO-) (PRO-) (PRO4) (PRO+)
Case 4/ Moderate Moderate High Moderate
Case 5 Negative Negative Moderate Negative
Case 6| Moderate Moderate Moderate Moderate
Negati ve: CRP concentration of | ess than
concentration 10 mg/L or | essothlteemt3@tmag/nL

mg/ L.
3.4.5. Fasting Glucose

There were no discernible trends in fasting glucose levels throughout the intervention
period (seeFigur® . Thi s mi ght have been because t he
were within normal blood glucose levels both at baseline and at the end of the interventions.
One participant, who had a higher than normal glucose level at baseline, decreased in
faging glucose from baseline to the final measurements in the second phase of the

interventions.

FASTING GLUCOSE (PRO-) FASTING GLUCOSE (PRO+)
——Case 1l Case 2 Case 3 Case 4 Case 5 Case 6 ——Casel Case 2 Case 3 Case 4 Case 5 Case 6

8.0 - 8.2 «
7.8 1 80 4
76 4 7.8 A
74 4 7.6 4
72 74 1
7.0 4
6.8 1
6.6 1
6.4 1

6.2 1 6.2 |

60 | 60 4
>8] / 5.8 1
56 1 — 56 1
54 4 il 54 ]

5.2 4 52 4
5.0 5.0
WEEK 1 WEEK 3 WEEK 1 WEEK 3

Figure9 Glucose changed after following the dietary interventions
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3 . 4 Satety

The participants reported greater satiety on the PRO+ diet than on thedieR(3ee

Figure 10). The participants indicated that they were successfully adhering to both diets

(PRO+ and PR€) but found the PRO+ diet easier to adhere to because it prothssed

hunger. All participants reported that, on the PRO+ diet, they felt more fullness than on the

PRO diet. Two participants in the PR@iet group mentioned that on the third day of the

restricted portion of the diet, they had an increased desire, taleareas two participants

in the PRO+ diet group reported feeling full before finishing their meals.
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3 . 4Effect.of Order of Rotation on Results

(0]
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Vv

sual

Participants who started with the PRflet achieved greater reduction in body weigd

waist circumference than those who started with the PRO+ diet. There was no effect of the

order of rotation of dietary intervention on fasting glucose and CRP results.

3. 4Ad8d.i t i onal

Observations

Six participants completed the entire set of interventi@rdy one participant did not

complete the second phase of the intervention for reasons unrelated to the study. None of

the participants reported adverse events during the PRO+ or &8 While following

the PRQ diet, one participant reported sligheddaches on days one and two of the

8%
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restricted intake portion. No other adverse conditions were reported. Some of the
participants found the Lifesum app was useful in teaching them how to select healthy food.
All participants mentioned that they were cortted to consuming the total recommended

energy.
3.5. Discussion

3.5.1. Weight Loss and Waist Circumference

In this study, both diets induced a reduction in body weight and waist circumference, even
though the higprotein diet contained higher energy density than thepgamein diet.

These findings support a previous study that found that positive losses isif wa
circumference did not differ between two levels of moderate protein intake in participants
on a low calorie die€30). Similarly, others have tested the effects of protein level while
energy intake is restricted and reported similar results in weigs(26). Interestingly, the

higher protein intakes result in increased retention of muscle mass at the expense of fat
masg26). However, a very higiprotein diet may have no further benefit, as increasing the
protein content above the normal level oftpno requirement has not produced a further

reduction in body weight, although it helped maintain a higher level of free fat(&ijss

3.5.2. CRP

This pilot study suggests that three days of an energy restricted diet, whether it @ high
low-protein, can reguin improvement in CRP for OW/OB women. Previous studies have
used antinflammatory diets to investigate the effects of macronutrient proportions on
inflammatory process€82,33. However, to our knowledge, no study has tested the effect
of protein cotent on hsCRP. Instead, various studies have investigated aspects of
carbohydrate and fat intake on inflammation. Thus, previous studies have failed to fully

inform guidelines for people with significantly high levels ofCRP.

Aspects of dietary carbobyate content seem to exert effects ofCRP. For example, a
study using 29 overweight women with an average BMI of 32.1 + 5.4 kg/m2 found more
benefits for reducing RERP using a lovwcarbohydrate diet compared to a Hav diet

(34). Interestingly, mangf these studies found that macronutrient content is likely a more
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critical factor in reducing inflammation markers than weight loss. For example, a study
with OW/OB patients aged 180 years reported that low glycemic load diets more
effectively reducedhe level of haCRP than a lowat diet, although both diets similarly
impacted weight los¢35). These findings are consistent with those of a 12 month
randomized trial that found that a low glycemic diet was more effective in reducing high
levels of hsCRP than a lowfat diet, despite the similarities in weight loss outcomes in
both groupq36). Another study compared the two versions of Mediterranean diets to a
low-fat diet, and reported that the Mediterranean diets redueE&Rswithout weight loss
more effectively than the lovat diet (37). Similarly, in the current study, most of the
participants demonstrated decreases in theBRB levels, although some of them showed
slight weight increases. However, this is inconsistent with a 2007 systenvagiv taat
concluded that weight loss led to a reduction in CRP regardless of which intervention
approach was use(B8). It is important to mention that this review excluded the
interventions that did not have weight loss as an objective. Further stugliegjaired to
obtain a clear conclusion about the role of the dietary intervention type, especially from
protein level and weight loss on CRP levels.

3 . 5GIkose

There was no significant reduction in fasting blood glucose for most of the participants. A
possible reason for this finding is that most of the participants began this study at a normal
level of the fasting blood glucose. Indeed, the beneficial effecenefgy restriction
interventions are more likely to manifest in individuals with insulin resistance than in
healthy individual§39). Additionally, the apparent lack of correlation between weight loss
and decreasing fasting glucose in our findings coldd ke attributed to the short study
length, which may have been inadequate to show the effects of weight loss on enhancing
fasting glucose. Most energy restricting studies that have demonstrated that the capacity to
be effective for controlling glucoseVels and enhancing metabolic outcomes were
conducted over periods of seven weeks or fe42). Lim et al., for instance, reported
that, after eight weeks of restricted energy intake by type 2 diabetic patients, there was an
enhancement in the functiori leta cells(43), which has a curvilinear relationship with

fasting blood glucose levdl4). Similarly, one large diabetes prevention study with
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middle-aged overweight women and men with impaired glucose tolerance used intensive
lifestyle interventionsdr eight weeks, including reducing fat consumption to less than
30%, saturated fat intake to no more than 10% of the total energy consumed, and total body
weight by at least 59%45). The study found that this dietary intervention prevented the
progressiorio diabetes by 58%#5). Thus, it is probable that a longer study than ours and
one with participants with higher baseline glycemic values would be needed to test the

effects of protein level on fasting glucose levels while on an IER diet.

In the currenttidy, Case 4 initially had a glucose level that was stable at 8 mg/dL in week
one and remained unchanged at the end of week three (during the PRO + diet intervention),
although with a slight body weight loss. During the subsequent- BROintervention,
though, she lost 5% of her body weight, and her glucose level decreased to 6.8 in the fifth
week even though she did not take medication to regulate blood glucose. These findings
correspond to evidence suggesting that 5% weight loss in OW/OB individuaksesd
improved metabolic function and the diminution of metabolic, disaaseciated risk
factors such as fasting blood glucg46,47. Similarly, several studies have revealed that
weight loss contributes to a decrease in visceral fat and improves safkglucose
metabolism(13,25,26. These results match those observed in an earlier study, which
concluded that OW/OB people can reduce their risk for diabetes with every kilogram of
body fat they los¢48).

3 . 5AdHerence

The participants in this studympleted both phases of the diet without exception, and only
one participant withdrew by the end of Phase 1 for reasons unrelated to the study. We
therefore assume that our methodology provides the ability to adhere to an-energy
restricted diet. The pacipants reported that they experienced more fullness and satiety on
the PRO+ diet than on the PR@iet. The reason for this may be the role of protein in
increasing satiety. Several studies have investigated the association between
macronutrients and saty, with the majority indicating that protein increases satiety and
suppresses energy intake more than other macronut(ght9, likely because protein

contributes to an increase in the release of gastrointestinal appetite hormones, such as PYY,
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and dso increases concentrations of ghréh@). A previously published systematic review

recommended a higprotein diet for controlling appeti{&0).
3 . Gimitations

There were certain limitations to this study, such as the small sample size. This study
included only women who have a BMI between 27 and 33 kg/m2 and were agesd 33
years in order to increase the homogeneity of the samples. The reason for selecgjag the a
group is that evidence has demonstrated physiological differences in sensory satiety among
age groups (i.e., adolescent, middle age, and eld2dy25. Further research is needed to
investigate the effects of IER diets on obese men because thaldiirdts have shown
differences between men and women in appetite sensations and appetite responses to

changes in macronutrient content in di@3,23.
3.7. Conclusions

This pilot study demonstrated that an IER diet, whether the protein content is low or high,
is a feasible strategy for obese women. Most participants lost weight and reduced their
waist circumferenceAdditionally, most of them improved their CRP. Althougbth

PRO+ and PROdiets reduced CRP levels among the participants, the IER PRO+ diet
resulted in greater satiety than did the IER PRi€t and was preferred by the participants.
This suggests that a higher protein content while consuming a IER diétawletp greater
long-term adherence. These positive findings hold promise for potentially similar exciting
advances in larger and longer studies that involve an IERgnmkin diet. To provide

more data, a large study should investigate the effectteofriiitent fasting combined with

a highprotein diet on satiety, weight loss, and various health indicators, such as blood

glucose, lipid profile, and prmflammatory markers, in overweight and obese adults.
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CHAPTER 4: THE EFFECT OF DIETARY PROTEIN ON SATIETY AND
WEIGHT LOSS DURING INTERMITTENT FASTING IN OVERWEIGHT AND
OBESEWOMEN

4.1. Abstract

Background: Obesity is one of the most critical health concerns of our time. Although
intermittent energy restriction (IER) is a successful strategy for reducing body weight and
fat mass, adherence to IER diets may be challengiraybeanost of them increase hunger.
Aim: This study aimed to determine whether a kpgbtein diet combined with an IER

diet would improve satiety and reduce body weight more than-ptotein diet combined

with an IER diet

Methods: Participants were ralomly assigned into one of two study groups, either & high
protein (HP) diet combined with IER, or a lgwotein (LP) diet combined with IER, for
eight weeks. Body weight, waist circumference, blood lipidee&&tive protein (CRP) and
subjective satietyvere assessed at baseline and week 8-{(ptast/ention).

Results: A total of 22 women, 45.6 + 5.4 years, with a mean (SD) body mass index (BMI)
of 30.1 + 2.2 kg/rhcompleted the interventions (n=11 in each group). Body weight was
significantly reduced b¥yoth IER diets (Overall, 5.77%; HP, 5.30%; LP, 6.27%, of body
weight), with no difference between diet groups (p=0.35). Similarly, waist circumference
was reduced for all participant8(04 = 5.99 cm); although the HP group lost me®e26

+ 7.86 cm) thathe LP group-6.82 cm +3.21), the difference was not significant (p=0.87).
Reductions in triglycerides and changes in CRP after the intervention were not significant
(p=0.95; (p=0.74). No changes were observed in LDL, HDL, and total cholesterol in eithe
group. Overall, AUC showed that the HP IER diet lowered the desire to eat more than the
LP diet did, although this was not statistically significant.

Conclusion Both IER diets effectively reduced body weight and waist circumference in
these middle aged, overweight or obese women. A high protein content combined with an
IER diet may reduce waist circumference and the désieat score better than a low

protein version. However, the protein content of the IER diet did not affect LDL, HDL,
cholesterol or HbAlc measures. A longer study is needed to determine if the reduced

desire to eat provided by the HP IER diet would result in increased adherence to an IER

9%



diet. This study advances the understanding of the effect of protein content levels on
satiety and health indicators in women adhering to an IER

diet.

Keywords: Dietary protein, intermittent energy restriction, obesity gbatienergy

restriction
4.2.Introduction

Dietary protein is an important component of a healthy diet. Following consumption,
dietary protein is hydrolyzed during the digestion process via hydrochloric acid in the
stomach, and proteases in the duodetmbreak down long polypeptides into shontin
polypeptideg1). Thus, this digestive process converts protein into amino acids or smaller
pepides, which are then absorbed in the small inte¢tindmong the dietary amino acids,
essential amino acids play an indispensable rolevierakcritical bodily functions, such

as hormone synthesis, the preservation of skeletal muscle mass, and the formation of
several biological fluidg2). Cansidering the important role of essential amino a¢®)s

and the body's inability to store them, it is critical to include the adequate consumption of

protein in dietary requirements for human heggh

Obesityis frequently linked to a number of risk factors for cardiometal{dland other

chronic disease®), such as insulin resistance, bedl dysfunction(6), and atherogenic
dyslipidemia (high triglyceride and LDtholesterol, and low HDicholesterol
concentrations)7). Dietary proteinconsumption may plays a greater role in enhanced
satiety and body weight management than do other macronu{@eh@. A high protein

diet tends to increase metabolism because it has a thermic impact, decreases appetite and
hunger through a variety of processes, and importantly, has influence on some hormones

that control weigh{11).

One dietary method that may be used as therapy for obesity treatments is intermittent
energy restriction (IER), which involves alternating cycles of limited energy consumption
with periods of regular energy intake2). Numerous animal researstudiesnvestigating
Intermittent Energy Restriction (IER) has consistently shown its efficacy as a weight

reduction method(13i 16). Individuals encounter several difficulties as a result of
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physiological and environmental elemer{is’,18) hence prompting inquiry into the
efficacy of Intermittent Energy Restriction (IER) as a weight reduction approach for obese

or overweight adults.

This studyinvestigated the effectsf dietary protein level in an energystacteddiet on

body weight in overweight and obese women, on other health indicators, and on satiety.
4.3.Methods

4.3.1. Participants

The current study aimed to include 40 overweight and obese women with an age range of
35 to 55 yearsOnly women were included in order to increase the homogeneity of the
participants because previous clinical trials have shown differences between men and
women in appetite sensations and appetite responses to macronutrient content changes in
the diets(19,20) The rationale for selecting this age group was that physiological
differences exist in sensory satiety among age groups (i.e., adolescent, middle age, and
elderly) (21,22) The overweight and obese criteria were determined by body mass index
(BMI) between 2733 kgim?. By excluding obese individuals with a BMI above 33 kj/m

we intended to recruit from a lowesk population who may have undiagnosed obesity

related chronic diseasé?3). The inclusion criteria for participants were:

1. Willing to eat the foods recommended in this study, whether these foods were
part of theregular, vegetarian, or lactefee diet options.
Able to prepare their own food during the study period.

3. Have a device that could connect to the internet, such as a cell phone or iPad to
facilitate the collection of data, receive their personalized piaaland attend
the online meetings. This study used the telehealth method, and thus

necessitated participants6é access to

Potential participants were not eligible to participate if: they had a serious health condition;
had been diagnosed Wwitliabetes; were undergoing medical treatment for regulating blood
glucose; were taking prescribed medication that would affect metabolism; were taking

medication for immune function; or were taking antidepressant medication, diuretics, or
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laxatives. In adition, those on a special diet that was incompatible with our dietary
intervention were excluded from the study. Such diets might be for kidney disease, chronic
gastrointestinal issues, vascular diseases, diabetes mellitus, cancer or some autoimmune
condtions. Pregnant and breastfeeding women were excluded because of their greater

nutritional need$24). Additionally, we excluded women who smoke.

4.3.2.Sample size calculation

Visual analog scales (VAS) are reliable tools to evaluate hunger and satiety at time of food
consumption(25). A change in the VAS of 10 mm is usually considered clinically
significant(26). Based on the statistical power softeiaG*Power(27), the sample size for

thestudy was calculated based on the average expected difference observed in VAS ratings

in relevant previous studies (224). The Power calculations (G*Power v.9) estimated that

a sample size of 28 would be required to detect an interaction in subjettiveessa y r at e (
= 0.06) between 2 groups and 4 repeated me
andb = 0. 8. Thus, 14 participants per grou
minimum significant differences in the dependent variables leetwgeoupg28i 30).

Non-adherence or dreput issues are common among restricted energy diets. A systematic
review and metaanalysis that involved 45 randomized controlled trials examining the
effects of dietary interventions on weight loss in obese individuals reported that nearly 28%
of the subjects dropped out due to not adhering to the dietary interventions oeatiosrs

(31). Thus, recruiting 40 subjects would minimize the effect of someadberence or
drop-out issues. Weexpected that 28 of 40 participants would complete their dietary

intervention in the study.

4.3.3.Recruiting procedure

A medical practitioner, who is an Internal Medicine specialist, Dr. Julie Zhu, identified and
informed patients who were likely eligible to participate about the study and gave them the
flyer, which contained the c ¢investgator (A)nhf or ma
Also, in order to disseminate more widely the opportunity to take part in our study, we
placed the poster for this study on several Nova Scotia community LISTSERVS, such as

ones for Dalhousie University employees and Nova Scotia tesactMe additionally
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posted the information on Facebook and Twitter groups in the Halifax area. Individuals
who contacted the PI, were provided with brief information about this study, the eligibility
criteria, and what the study would entail for them. Phtéhen followed up with individuals

who were interested in participating by Nova Scotia Health Authority (NSHA email), to
answer questions that may have arisen and ascertain whether they would like to receive a
copy of the protocol to read. Those integelsin joining the study and appeared to meet the
eligibility criteria, were sent the link to the informed consent form via Research Electronic
Data Capture (REDCap), which covered important information including the requirements
to take part in the studiyfhis email also included the link to the sstfreening form and

links to videos that explained how to take their body measurements (body weight, waist
circumference and height). In the email, individuals who were interested in participating
were asked t@omplete the selécreening form by following the instructions on taking
body measurements that were explained in the videos. This saved time for people who were
interested in participating and was used to verify eligibility to participate. Then, those who
were still eligible and interested in participating in the study received a request to schedule
a remote initial individual interview, which took 4% minutes via Zoom Healthcare. The

main purpose of this interview was to go through the screening questiat had already

been filled out by the participants as a dotdileck process by the Pl to make sure they
answered the questions correctly and determined their eligibility. In addition, during this
initial interview, the PI provided the participantstiivimportant information about the

study such as the study objectives and methodology. The PI then asked each participant
some questions about the study in order to ensure that she understood the study. Finally,
the Pl informed each participant that thedstwould include online interview sessions for

data collection purposes and explained the session procedures (timeline, duration, and
protocol of sessions; how to access the website where the interview would be held). Prior
to the online meeting procedgte participants were asked for verbal consent to
communicate via email in order to obtain their email addresses. When eligibility was
confirmed, and the prospective participant fully understood the study and their role, they
were asked to electronicallygsi and submit the consent form via REDCap. For those not

meeting the criteria, the screening document was deleted immediately.
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4.3.4. Research plan
4.3.4.1. Study design

This study was designed to examine the effects of dietargiprtdvel on satiety and
weight loss, while adhering to a specific intermittent energy restricted format on multiple
outcomes. The study design implemented a siblyhel, parallel design, in which
participants were assigned randomly to either a highéovegr protein diet, both with
intermittent energy restrictions. The IER format used required a low energy intake for three
consecutive days, followed by normal energy intake for four days, for eight consecutive
weeks. The differences in protein intake aced in the three days of low energy intake
each week, and not on Hhé nadtoheaemspfecar oday e
the arm of the study to which a participant was randomized; participants were not informed
if they were in the low versuhigh protein arm (See Figur&)1This study depended on

the telehealth method for obtaining anthropometric measurements (i.e., body weight,

height, and waist circumference), and subjective satiety measurements.

4.3.4.2 Randomization

The randomization was stratified by BMI category (i.e., dichotomized é29Z5kg/n?
and 3034.9 kg/nf) and age (i.e., dichotomized as-8% y and 455 y) via utilizing
RedCap®, which is a validated online randomization tool for resear¢B2js The
RedCap® tool randomly assigned the initial participants to one ofjtaaps(33). The
assignment to groups was in the order of acceptance into the study and participants were
randomized from each successive stratum one by one until reaching the target sample size,

which was 20 for each gup.

4.3.4.3. Blinding

The advertisement for the study, discussion in recruiting meeting, and information in the
consent form only referred to examining the effect of intermittent energy restriction as part
of the dietary intervention. Raipants were blinded to the aspect of protein content
differences in the intermittent energy restriction diet on study outcomes. The justification
for this blinding was as followsHigh protein diets are currently elevated as healthier

regimens on social media and on commonly frequented health websites. If the different
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protein content was known to the participants through the consent form and other sources,
then they would easilywgss if they were in the high protein group or low protein group
even if not informed directly to which group they were randomized. Therefore, blinding of
the participants reduced the possibility of bias when they assessed their hunger and fullness
(34,35) The food recipes for both groups were the same recipes but differed in the amount

of protein content.

4.3.4.4 Dietary interventions

Upon agreeing to participate, and after theireime measurements were collected,
participants were contacted individually to set up an online meeting on Zoom Healthcare.
In this meeting, the PI: 1) Discussed their questions and concerns related to the recipes; 2)
Explained how to download and use thitesum App on their cell phone or tablet; and

how to plan their diet for four nerestrictiordays; and 3) Explained the protocol of the

test meal subjective satiety questionnaire. Then, participants received by email their

personalized meal plan baseal their group (i.e., HP diet or LP diet).

Each participant was randomly assigned to one diet group, either intermittent energy
restriction low protein diet (LP) or intermittent energy restriction high protein (HP). Both
diets consisted of three energy restriction days followed by consumptionsafcatoric
diet for four days. For calculating the total energy requirement for the participants the
following equation was used:
METs X 3.5 X BW (kg) / 200 = kcal/min
The MET values depended on the level of physical activities are as follows:

1 A PAL value between 1.40.69: sedentary or light active lifestyle.
The diets (i.e., HP diet and LP diet) differed in the protein content on the three energy
restriction days as described below. However, HP group consumed about 316 more total
kilocalories per persodaily for three days every week for eight weeks due to their higher

protein intake.
Intermittent energy restriction low protein diet (LP)

On the first three days of the week, the LF

to 25% of their ttal energy required to maintain their current body weight. The energy
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content in this diet contained 10% protein, 30% fat and 60% carbohydrates. For these three
restrictedenergy days, each participant was provided with an individualized cookbook
with recpes for days one to thréherestricteddays). Also, participants received a digital

food scale so theyotld measure their food amounts. During days four to seven each week,
the participants consumed an isocaloric diet (estimated energy to maiotlyinveight),

which consisted of 40% of total energy from carbohydrates, 30% from fats and 30% from

protein.
Intermittent energy restriction high protein diet (HP)

The HP diet, the novel diet we developed for the purposes of this experiment, was also a
sevenday cyclical diet. From day one to day three each week, participants consumed of
45% protein, 15% fat and 40% carbohydrates as proportions of total energy intake. Thus,
their protein intake (45% of total energy) was similar in amount to that consumstalys

four to seven.

On days four to seven of the HP diet, participants consumed thessaralric diet as

on the LP diet 40% of total energy from carbohydrates, 30% from fats and 30% from

protein. Nutrium(36), which has been validated as a nutriticetaty assessment

software wasused to develop a personalized diet plan for the three restricted days. Via

the Nutriumsoftware, the Pl was in contact with the participants individually. Nutrium

was used for severalnctions,including delivering meal plans for the thresstriction

days and providing oR®-one consultations. The data tiascollected through #

Nutrium APP was | imited to body weight, he

codes were used in the Nutrium APP, and not initials or names.

For nonrestricted days, participants were asked to download the free, easily searchable
and valid dietey mentoring instrument, the Lifesum af3Y), onto their cellphone or tablet

in order to help them to log their food consumptibimeywere encouraged to select heglth
foods and were assisted in their planning of a healthy diet by using the Lifesum app for
nonrestricted days over eight weeks. Participants’ energy intake to limited to the total
energy required to maintain body weight. The Lifesum app assisted the participants in

avoidingthe consumption ahore than the energy needed to maintain body weigldrin n
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restricted daysliet. The Lifesum appllows individuals to track thettaily energy intake

by searching its extensive nutrition database. Foods can be entered into the Lifesum app
either via a scanned barcode or simply by inserting the food informatamually.
Researchers did not have access to partici
coll ected by the resear chenoddatdwasaolledteden par t
the participant experience, either overall or on the uséifesum The Pl asked
participants whether they consumed an excessive amount of energy intake required to
maintain their body weight. When the Pl met the participant to explain the diet dietary
intervention, the Pl informed participants that they had to tepthrey consumed energy

intake more than the total energy requirement to maintain their current body weight. On
days four to seven (i.e. naastricted days) of the HP diet, participants consumed the same
isocaloric diet as on the LP diet 40% of totakkgy from carbohydrates, 30% from fats

and 30% from protein within the total energy needed to maintain body weight.

Before the Pl gave the participants their personalized cookbook recipe, the Pl contacted
participants individually to set up an online megtion Zoom Healthcare. The main
purposes of this meetingas (1) to @scuss their questions and concerns related to the
recipes (2) to explainhow to log their food intake into Nutrium for the three restriction
days (3) to describe how to download andeublutrium (4) to explainhow to download

and use the Lifesum App on their cell phone or tablet, and how to plan their diet for four
nonrestrictiondays and §) to explainthe protocol of the test meal subjective satiety
guestionnaire. Then participantceival by email their personalized meal plan based on
their group (i.e., HP diet or LP diet) via NSHA email. Additionally, the PI encouraged
participants to contact the Pl and request an online meeting at any time point of the
intervention to discuss thiequestions, concerns or any other observations regarding the
dietary intervention. Also, the Pl informed the participants that they could request changes
to the recipes or edit them at any time point of the dietary interverfimmmeeting
duration depeded on how long it took to complete the discussimwever, usually the
minimum duration of the meeting was 15 minutes and the maximum was one hour. The
number ofsessios with a participandepenéd on how many times they requested a
meeting. In additin, the Pl sent weekly emails to participants individually to thskn

guestions about their practising their diet and if they had questions or concefiigey
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were expectedo report if they did not adhere to their diet, chahtfee meals or their
energy intake on nerestricted daysvas more than the total energy needed to maintain

their body weight.

4.3.5.Data collection
4.3.5.1Anthropometric measurements

The current study depended on themoge assessment sedfport method for obtaining
anthropometric measurements (i.e., body weight, height, and waist circumference). Each
participant was asked to report her body weight and waist circumference on the first day
of the intervention and on thast day of week eight via REDCap. Subjective satiety
measurements were collected on the third days of week one and week eight. Participants
were informed that monitoring would be remote and not conducted physically except for
their blood sample collectigfior which participantsauld choose the location of the blood

collection service.

Body weight

The participants received an instructional video of how to use their home scale. Moreover,
in order to avoid inaccurate seHported weight, participantwere instructed on the
required conditions for obtaining accurate readings on a scale such as:
1 Weigh in the morning before eating.
1 Wear indoor clothes or no clothes, without shoes.
1 Use the scale on a hard and flat surface; the scale will not give an accurate reading on
the carpet.
The product should be on stable and vibrafree surface during use
Examine the battery of the scale before use because a low battery could casetinc
readings.
Use with dry feet, for safety.
Keep the scale away from water or moisture.
Repeat the body weight measurement three times in a row to ensure the repeatability
of the scaleds reading.

1 Measure to the nearest 0.1 kg.
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Height

Participantgeceived a video link that explained how to measure their height. They self
reported their height to the nearest 0.1cm, according to the recommendations for remote
anthropometric assessment provided by the Health and Retirement Study protocol, which
has ben validated38).

4.3.5.2. Subjectivesatiety measurement

A Visual Analogue Scale (VAS;iQ0 cm) is a selfasseasment tool used by dietary
researchers to assess the magnitude of a p
provides a continuum of values in ascending order from 0 to 10. These values were
classified into specific categories with each categmpresenting the level of a
participantodos experience of hunger, satisf
out the VAS (010 cm) by marking the point on the scale that best repeztiat level of

their feelings of fullness, satisfamh, and hunger during the third day of energgtricted

days on weeks one and eight. The hutiginess questionnaire was presented on REDCap

and their responses were recorded and saved with a time and date so that compliance to the
study protocol ould be determined. The satiety VAS instruments involved the following
guestions: (1) How strong is your desire to edfedkto Strong); an®) How full do you

feel? (iFeel completely empbto fil cannot eat anything maie

Test meal

We used a standard test meal to help measure subjective satiety. The components used to
reflect the changes in participants' responses to protein content in their test meals were the
VAS for each of Adesire to eat olowmgmal AHf ul
standardized meal, which would reflect the satiety level of participants. A minimum of 24

h before the test meal day, the Pl held a remote individual meeting with each participant to
review the test meal instructions and answer her questiorticifants were asked to

prepare the test meal by themselves; thus, the test meal was formulated to be easy to prepare
and comprised of commonly eaten food. It ¢
HP (45% protein, 15% fat and 40% carbohydrates),Fo (10% protein, 30% fat, 60%
carbohydrate). Participants were instructed to fill out the hufujeess questionnaire
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following an overnight fast betweenl2 hours and immediately before consuming a
breakfast test meal. After filling out the hundeliness questionnaire, they were asked to
consume their breakfast test meal in its entirety within a maximurdlbfriinutes. Then,

participans were asked to fill out the hungdullness questionnaire at 30, 60 and 90

minutesfollowing meal consumption.

4.3.6.Data analysis

All statistical analyses were performed using SPSS (Version 25). Baseline data and
demographic characteristics weexpressed as the mean +SD or median as appropriate.
The ShapiréVilk test was conducted to test the normality of the distribution of the data
prior to analysis. If the data were not normally distributed, a natural log transformation was
applied to obtaia normal distribution. Areas under the curve (AUC) for fullness and desire

to eat were calculated. Also, AUCI@ min) were calculated by the trapezoidal rule and
were used as an estimate of response to a desire to eat and fullness. A factorial ANOVA
(time x diets) was performed to compare the effects of diets on satiety scores, body weight,
and waist circumference, and to detect whether there was a significant difference between
groups on satiety scores at fest, 30, 60 and 90 minutes. When main éffegere
detected, then independertest post hoc analyses were performed in order to detect the
minimum significant difference between diets and to compare the differences in satiety
between the diets at each time point. A pairegbt was used to testhether there was a
significant difference between each measurement (body weight, waist measurement, desire
to eat, and fullness) taken before and after the intervention program within groups. For
nonparametric data (HDL and CRP), the Wilcoxon test waglwzad. Statistical
significance was accepted at P O 0.05.

4.4. Results

4.4.1. Participant recruitment and follow -up
The recruitment of the participants began in June 2022 and 189 people expressed interest

to participate. Of these 189 individuals, 104 womenedillout the sel§creening

guestionnaires. From these 104 sglfeening questionnaires, 40 prospective participants
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were not eligible because their age or BMI did not meet the study criteria. Additionally, 3

participants were excluded because they smokéaa a serious chronic disease.

A total of 61 participants were recruited and randomly assigned to either the LP or HP
group, at a ratio of 1:1. A total of 39 participants from both groups subsequently withdrew
from the study (21 in the LP and 19 in thB)HTwentytwo subjects completed the dietary

intervention and their baseline characteristics are shown in Table 8 and Table 9.

Withdrawals from the study were due to many issues. Eleven participants tested positive
for COVID-19, experienced flu symptomst withdrew due to Hurricane Fiona, which
caused power outages which all made it too difficult to adhere to the diet. One participant
withdrew because she experienced difficulties in preparing the food, while six participants
dropped out for personal orh@trwise undisclosed reasons. Five participants simply lost
interest in the study. Eight participants decided to not participate due the extended waiting
time for their initial blood tests, two participants left Nova Scotia and one felt unable to
continue lecause she began a new job. Five participants did not participate because if they
waited for the blood test appointment, the Christmas celebration would have occurred
during the dietary intervention period, and they wanted to complete the diet before the
holiday.
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Table8 Demographic characteristiby study group (age, body weight, height, and body

mass index)
LP HP Total
(n=11) (n=11) (n=22) P-value
(Mean £ SD) | (Mean £SD) | (Mean £SD)
Age (Year) 48.91 £+4.18 | 42.27 £+4.54 45.59 £5.44 0.002
3544y n= 8 (73%) n=1 (10%) n=9 (41%)
4555y n=3 (27%) n=10 (90%) n=13 (59%)
Body weight (kg) | 82.30 £13.29 | 87.03 +7.38 84.68 £10.78 0.157
Height (cm) 164.81+12.29 | 170.36 +5.42 | 167.59 +9.71 0.194
Body mass index | 30.18 £2.52 30.05 +1.92 30.09 +2.20 0.852
(kg/m?) n=5 (45%) n= 3 (27%) n=8 (36%)

29.9 (kg/n?)
Obese: 30.034.9

(kg/n?)
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Table9 Blood characteristics by study group (lipids profile, CRP and HbA1C)

LP HP Total P-value

n | Mean + SD Mean+SD | n | Mean = SD
Triglycerides | 10 | 1.61 +1.02 1.67+£1.81 | 17 | 1.63+£1.34 | 0.982
(mmol/L)
High density | 10 | 1.53+0.69 | 8 18 | 1.45+ 0.60 | 0.505
lipoprotein 1.35+0.48
(mmol/L)
Low density | 10 | 3.28+0.82 |8 | 3.15+0.72 | 18 | 3.22+0.76 | 0.564
lipoprotein
(mmol/L)
Total 9 8 | 491+0.86| 17 |5.11+0.87 | 0.234
cholesterol 5.29 £ 0.89
(mmol/L)
Greactive 10 7 | 456+3.42| 17 | 3.79£2.45 | 0.246
protein 3.25+1.43
(mg/L)
Alc (mmol/L)[3 |5.07+0.06|6 | 5.38+0.39| 9 |5.28+0.35]|0.387

4.4.2. Effect of dietary protein with energy restricted energy diet on body weight
status and waistcircumference

4.4.2.1. Body weight status

Eight weeks of compliance to an IER diet was tested for change in Body weight. A
reduction in the mean body weight was observed after the dietary intervention in beth high
and lowprotein diets (Table 10). Reductions of 4.68 kg and 5.16 kg reecededn the
meanbody weight for high and low protein diets, respectively, after the intervention, which
amounedto 5.30% and 6.27% respectively of the initredanbody weights (Table 10 and
Figure D).
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Table10Body weight before and after the dietary intervention, by study group

Study . Ppre- Post Change in
group intervention | intervention | S0 L
n=11, each | (Mean +SD) | (Mean * SD) y welg P-value
group

(kg) (kg) (kg)
HP 88.22 +6.21 83.54 +7.02 4.68 <0.001
LP 82.31+13.29 77.15+ 13.31 5.16 <0.001
HP + LP 85.26+ 10.57 80.34+10.88 4.92 <0.001

Body weight change
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Figure12 Changes in body weight by study group
There was no significant differenbetween group in body weight change (p= 0.346)

4.4.2.2. Waist circumference measurement

Eight weeks of compliance to an IER diet was tested for change in waist circumference. A

reduction in the mean waist circumference was observed after the dietary interirention
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both high and lowprotein diets. For the high protein intake, a significant reduction was
observed when waist circumference before intervention (102.91 ¢rf).42as compared

to the waist circumference after intervention (93.65 95t (10) = 3.91 p <0.001].
Similarly, for the low protein diet, the results indicated a significant reduction in waist
circumference when mean measurements before intervention (102.2+8.8) cm and after
intervention (95.65 £ 8.10n); [t (10) = 7.04, p <0.001] were compdr€able 11). There

was no significant differendeetween groups in waist circumference (Figuse 1

Reductions of 9.26cm and 6.82cm were recorded in the mean waist circumference
measurements for the HP and the LP grpogspectively after the intervention, which
amounted t@ decrease d.99% and 6.67%, respectivefypm the initial average waist

circumference measurement (Table 11 and Fig8ye 1

Table11 Waist circumference before and after the dietamgrir@ntion, by study group

Study Pre- Post Change in waist

group intervention | intervention circurﬁference

n=11, (Mean + SD) | (Mean # SD) P-value
each

group (cm) (cm) (cm)

HP 102.9% 6.42 93.65+ 7.55 9.26 <0.001
LP 102.21+ 8.84 05.39+ 8.05 6.82 <0.001
HP + LP 102.56+ 7.55 94 52+ 7.67 8.04 <0.001
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Figure13 Waist circumference before and after the intervention for HP and LP groups
There was no significamlifferencebetween groups (p= 0.868).

4.4.3. Effect of dietary protein with energy restricted energy diet on satiety
4.4.3.1Desire to eat

The level of dese to eat was also determined for the study groups over timéegire80
minutes, 60 minutes and 90 minutes from the test meal). A score of O represented "not
desire to eat at all ", while 10 represented "extreme desire to eat". Overall, in tloeipiP gr

the desire to eat expressed as area under the curve (AUC) was lower than in the LP group
(Figure ) from 0 to 90 minutes and from week 1 to week 8 which means the HP group
experienced less desire to eat than the LP group. ANOVA and AUGllfeess indicated

that there was no significant diet effect when comparing the HP and LP groups (Table 12

and Figure 3).
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Table12 Desire to eat at priest, 30 minutes,60 minutes and 90 of test meal, by study

group, by study grqu

Study group Pre- Post Changes in

n=11, each | intervention | intervention desire to eat | p-value

group (Mean + SD)| (Mean £ SD)

Pre-test
HP 4,64 +2.34 3.91 +1.97 -0.73 0.251
LP 4.36 +2.46 4,18 +2.09 -0.18 0.438
HP + LP 4,50 +2.35 4.05 +£1.99 -0.45 0.277
30 minutes
HP 2.82 +2.44 3.18 +2.78 -0.36 0.305
LP 3.18 +2.48 3.55 + 2.07 0.37 0.345
HP + LP 3.00+2.41 3.36 +2.34 0.36 0.257
60 minutes
HP 2.82+2.18 2.27 +1.49 -0.55 0.206
LP 3.82 +1.66 3.82 +2.27 0.00 0.500
HP + LP 3.31 £1.96 3.05+2.04 0.26 0.313
90 minutes
HP 2.73+2.41 3.82 +3 .25 1.09 0.105
LP 4.27 +2.15 4,82 +1.89 nopp 0.299
HP + LP 3.50 + 2.37 4.31 +£2.64 0.81 0.068

4.4.3.2 Fullness score

The level of fullness after the test meal was also determined for the study groups over time
(pretest, 30 minutes, 60 minutes and 90 minutes from test meal). A score of O represented
"not full at all", while 10 represented "extremely full". Overallihe HP group, fullness
expressed as area under the curve (AUC) was greater than in the LP group @jifjora 1

0 to 90 minutes and from week 1 to week 8, which means HP group eexaerimore
fullness than LP group. Both ANOVA and AUC for fullness oaled that there was no
significant diet effect when comparing the HP and LP groups (Table 13 and Fjure 1
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Tablel13 Fullnessscore at pre¢est, 30 minutes,60 minutes and 90 of test meal, by study

group
Study group Pre- Post Changes in
n=11, each | intervention | intervention fullness P- value
group (Mean + SD)| (Mean £ SD)
Pre-test
HP 536 +1.75 491 +2.26 - 0.45 0.314
LP 4.27 + 2.65 3.91 +1.97 -0.36 0.377
HP + LP 4.82 +2.26 441 +2.13 -0.41 0.285
30 minutes
HP 7.00 +2.32 7.64 +1.86 0.64 0.154
LP 6.64 + 1.63 5.73+2.49 -0.91 0.160
HP + LP 6.82 +1.97 6.68 + 2.36 0.14 0.401
60 minutes
HP 6.82 +2.22 6.91 +1.81 0.09 0.441
LP 6.27 +1.42 6.64 +1.43 0.37 0.246
HP + LP 6.55+1.85| 6.77 +1.602 0.22 0.280
90 minutes
HP 6.55+2.54 6.27+ 2.61 -0.28 0.366
LP 5.09+1.70 5.36 +1.69 0.27 0.318
HP + LP 5.82+2.24 5.82+2.19 0.00 0.500
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Figurel4: Changes and area under the curves (AUC) in t the degiag to

(a, b, and c). Parameters were assessed using visual analog scales, scored between 0 and
10. HP or LP groups were completed at-t@& meal and at 30, 60 and 90 minutes after

the test meah=11 HP, n=11 LP at week 1 and week 8. There was no significant difference
between groups at week 1 (p=0.588) in desire to eabratteveek 8 (p=0.564).
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Figurel5 Changes and area under the curves (AUC) in the fullness

(a and b, and c). Parameters were assessed using visual analog scales, scored between O
and 10. HP or LP groups were completed attpe¢ meal and at 30, 60 and 90 minutes

after the test meal. N=1HP, n = 11 LP at week 1 and week 8. There was no significant
difference between groups (p=0.541) in the fullness at week 1. Similarly, there was no
significant difference between groups (p=0.379) in fullness in week 8



4.4.4. Effect of dietary protein with energy restricted energy diet on health
indicators

4.4.4.1 High-density lipoprotein cholesterol

Eight weeks of compliance to an IER diet was tested for change in HDL cholesterol.
Overall, both groups recorded very little reduction in HEHolesterol, and it was not
statically significant (Z =0.071, p = 0.94). Eight weeks of the IER LP diet intervention
did not result in a statistically significant change in HDL concentration {4.89, p =
0.374). Similarly, there was no significantfdifence in HDL concentration (Z8.91, p =
0.362) after eight weeks of a high protein diet. See Figbiend Table 14.
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Figurel6 HDL level before and after the intervention for HP and LP groups.
There was no significantifferencebetween groups (p= 0.459).
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4.4.4.2 Low-density lipoprotein cholesterol

Eight weeks on the IER diets resulted in no significant baseline to post changes in LDL
cholesterol for either the HP and LP groups (Table 14 and Figiyrénlthe LP group,
results showed no significant reduction between LDL level before interventk8+(B82)
mmol/L and LDL level after intervention (3.26£0.59mol/L; [t (9) 0.172=, p =0.434]. In

the HP group, results indicate no significant reduction between LDL level before
intervention (3.15+£0.72nmol/L and LDL level after intervention (3.21+0.4d)mol/L; [t

(7) =, p =0.352]. Therefore, there was no differenc& . changes between groups
(Figure T7).
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Figurel7 The LDL cholesterol level before and after the intervention for HP and LP
groups.
There was no significamlifferencebetween groups in the LDL cholesterol (P=787).
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4.4.43. Triglycerides

Overall, the IER diets result showed a significant effect on triglycerides. Eight weeks on
the IER diets resulted in a significant baseline to post changes in the triglycerides for the
LP group (Table 14 and Figur@)1In the LPgroup, results indicate a significant reduction
between triglycerides level before intervention (1.61+1m0&)ol/L and triglycerides level

after intervention (1.09£0.52nmol/L; [t (9) = 2.91, p = 0.009]. However, the results
indicate no significant changein triglycerides level between before intervention
(1.67+1.81)mmol/L to after intervention after (0.99+£0.42); [t (6) = 0.93, p = 0.19] HP
group. (Table 14 and Figur@)ll There was no difference in triglycerides changes between
groups (Figure 8).
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Figure18Triglyceride level before and after the intervention for HP and LP groups.
There was no significamlifferencebetween groups in the Triglycerides (p= 0.948).

4.4.4 4Total cholesterol

Overall, the IER diets resulted in no significant changes in the total cholesterol (P=0.277).

A small increase of 0.05 mmol/L in total cholesterol was recorded for the HP group, while
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the LP group recorded a reduction of Oi&hol/L, which amounted to 1.02 and 3.59%
respectively of the initial average of total cholesterol. The results indicated that the LP diet
resulted in a significant reduction in cholesterol levels, from before intervention
(5.29£0.89mmol/L to after intervention (5.10+0.7&mol/L; [t (8) = 1.81, p = 0.05]. For

the HP group, no significant reduction was recorded between cholesterol level before
intervention (4.91+0.86)nmol/L and cholesterol level after intervention (4.96+0.49)
mmol/L; [t (7) =0.25, p= 0.406]. (Table 14 and Figur®.

B Week 1 @ Week 8

Total cholestero(mmol/L)

LP Group HP

Figure19 Total cholesterol level before and after the intervention for HP and LP groups.
There was no significant difference between groups (p= 0.465).

4.4.4.5.C-reactive protein

Eight weeks of compliance to an IER diet was tested for change in CRP and the results
showed no significant changes within groups. Eight weeks of low protein diet intervention
did not result in a significant change in CRP concentration-Z225, p = 0.99). For the

HP group, the results indicated no significant reduction between CRP level before
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intervention (4.56+3.42ng/L and CRP level after intervention (4.17+3.38y/L; [t (6)
=0.8, p =0.212].

The HP recorded a little reduction of 0:3@/L in CRP which amounted to a reduction of
8.55% of the initial average of CRP. While the LP group experienced an increase of 1.29
mg/L in CRP, which amounted to an increase of 39.69% of the initial average of CRP
(Table 14 and FigureQ.

B Week 1 @ Week 8
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Figure20 CRP level before and after the intervention for HP and LP groups.
There was no significamlifferencebetween groups in CRP (p= 0.742).

4.4.46. Hemoglobin Alc (HbAlc)

Only n=6 HP and n=3 LP participants completediiA1c tests. There was an overall
0.38% reduction in the initial mean HbAlc for both groups combined (LP+HP). No change
was observed in HbAlc levels in the LP group, after the intervention, while the HP group
recorded a 0.56% reduction of the initial métAlc (Table 14 and Figurelp
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Figure21 HbA1lc level before and after the intervention for HP and LP groups.
There was no significant difference between groups in HbAlc (p=0.182).
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4.5. Discussion

4.5.1. Effect of protein content on body weight

In the current study, both higland lowprotein diets induced a significantsk of body
weight; combined, participants lost (0.62 kg/wk), with the LP diet leading to an
insignificantly greater reduction (0.65 kg/wk), compared to the HP (0.59 kg/wk). That the
two groups lost similar body weight is not surprising, even though thgréip consumed

about 316 more total kilocalories per person daily for three days every week for eight weeks
due to their higher protein intake. This small daily difference would have amounted to 6384
kcal over the 8 weeks period. According to calculatmnginally proposed by Mellinkoff

in 1956, an energy deficit of 7700 kcal per week is required to lose 1 kg of body weight
(39) However, research by Redman and colleagues determined that weight loss due to a
reduced energy intake is not linear over time, with a deficit of 4858 kcal per week needed
for early weight loss, and 6569 kcal needed by 6 months as the body adjustsdeetkcre
energy intakg40). Despite the different estimates of caloric deficit needed to lose 1 kg of
body weight, the small difference provided by retaining the minimum protein requirement
of 1.2 g/kg body weightesulted in only a 0.5 kg greater weight loss by the LP group than
the HP group. A longer study, preferably with more participants, would be required to
determine if the weight loss trajectories of the LP and HP groups merged or diverged.
However, a year lng Australian study with 68 overweight or obese (OW/OB) men who
successfully lost weight on energy reduced diets did not find a difference in weight loss
between high and low protein versiqd4). Indeed, our previous study with similar women
who adhered to the same IER diet as this study but only for 3 weeks, lost similar amounts
of body weight on both the HP and LP versions (0.82 kg/wk HP; 0.78 kg/wK42R)

These losses were greater than in the current study, which might represent a lessening of
weight loss over the longer period of time. Indeed, thenbath study(41) reported a
substantial lessening of weight loss over time. A recent systemic review ardmatsis
conducted by Hansen et al. in 2021 compared the effects of high protein versus low protein
diets on weightoss(43). They found that high protein has a moderate beneficial effect on
body weight control; in which, the higher protein dieducedbody weight reduction by
1.6kg (1.2; 2.0) (mean [95% confidence intervaihmparedo the lower protein group.
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The differences in the weight loss results between the current stugyevious study and

the Hansen et al. metmalysis might be due the effect of the differences in intervention
componentsuch ashelongduration of that studyDuration ofadietary intervention may
affect the efficacy of the intervention on weight management because compliance may

decrease over time.

Previous reseah has reported different effects of protein content on weight loss. A review

of long-term clinical trials that examined protein level on weight loss concluded that there
was a positive effect of a higher protein intake on body weight and fat mass neductio

both energy restricted and standartergy dietg11). They also reported fat free mass
(FFM) is retained better on a low energy high protein diet (13). Additionally, Wycherley
and colleagues conducted a matelysis that inaded 24 randomized controlled trials

that involved 1,063 adults and found that the fpgbtein diet group (27%35% of total

energy intake consumed as protein) experienced a greater reduction in body weight than
the standard protein diet group (1624% oftotal energy intake consumed as protein)

(44). The contradiction between our findings regarding body weightrers# of previous
studies might be due to our studyods small
such as the duration of the study, and that of other studies is another possible reason. Thus,
caution should be exercised when interpreting thesétsdmcause different results could

have been found in a larger sample size. A large intervention study is necessary to reach a
clear conclusion regarding the effect of protein content levels on body weight.

4.5.2 Waist circumference and protein content

The IER diets in this study resulted in a reduction in waist circumference in both groups
(mean-8.04 +£1.01 cm/wk). This waist loss may be considered clinically significant because
evidence suggests that a reduction in waist circumference by 3 cm improvegtibaise

with metabolic syndromé45,46) Although the HP group showed a greater reduction in
waist circumference-8.3 cm 1.04 cm/wk) than the lowgrotein group 6.8 cm; 0.85
cm/wk), this difference was not statistically significant. Similarly, in our previous 3 week
study with comparable participants on the same IER diets, no difference in waist

circumference between HR@&LP groups was found (HR®.64 cm/wk; LP;0.61 cm/wk).
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Other researchers have also reported a lack of additional benefit from HP versions of
weight lost diets to decreases in waist circumference. A randomized controlled trial found
no statistically sigificant differencein waist circumference loss in OW/OB individuals
between a HP (30%; n= 33) versus normal protein (15%; n=43) diet combined with a
restrictedenergy diet after three mont(@/). Similarly, Witjaksono et al. tested the effects

of a HP (2230% PRO versus a LP (ZD%) weight loss diet and also reported significant

reductions in waist circumfence, although these were not different between groups (44).

In contrast, other researchers reported that a higher protein level in a weight loss diet was
more beneficial to loss of waist circumference. For example,-aeEk randomized
controlled trialreported that an energy restricted, higher protein diet (25% protein) induced
a significantly greater reduction in waist circumference than did a standard protein diet
(15% of total energy from protei@d8). Why some studies demonstrate a benefit of high
protein over lower protein for waist circumference reduction is not clear. Possibly the
duration of the interventions and the amount of energy restriction could be contributing to
the dissimilarities of the findings among such studies. Additionally, tiereifces in the

level or source of protein content might be a reason for the difference in findings between

the previously mentioned studies.

Data from studies on protein intake by adults who are not on experimental diets suggests a
benefit to higher prote to waist circumference. For example, a cohort study that included
22,433 middleaged men and women investigated the effect of dietary protein on waist
circumference over five years and found an inverse association between protein intake and
increases invaist circumference, particularly in individuals with the greatest initial BMIs

and waist circumferencg49).

The reduction of waist circumference is crucial from a clinical perspective. Waist
circumference is positively associated with the amount of viscerabsaippssug50),
which is considered a major risk factor for atherogenic profiles, dial{giigs and
cardiovascular diseag®2). Thus, reducing waist circumference is a treatment goal for

lowering hed#h risks.



Our study was conducted remotely and therefore body composition data could not be
collected. However, other studies have investigated the role of dietary protein in body
composition. A review reported that consuming a HP, energy restricted diet can benefit
body composition beyond that achieved by a lower protein diet due to the retention of more
free fat mas$53). Similarly, a randomizedontrolled trial not included in the above review
compared the effect of different levels of protein content (20%, 27%, and 35% of total
energy as protein consumed) in a restricted energy diet on 80 women with a BMIiof 27.5
45 kg/m2 over three month(®4) and observed that the highest protein content group
achieved the greatest reduction of fat mass énderal fat. However, there was no
significant difference in body weight reduction between groups. Although we did not
measure fat mass, the reduction in waist circumference is often interpreted to imply a
reduction in abdominal visceral f@5). Further interventions to investigate the effect of
dietay protein content on free fat and fat masses are necessary to explore the effect of
dietary protein content in restrict@mergy and especially IER diets on body composition

changes.

4.5.3. Satiety

The current study aimed to examine the effects of low versiisdiggary protein intake
combined with an IER diet on appetitive response in overweight and obese women. The
satiety parameters included the desire to eat and fullness scores. Participants in the HP
group reported a lower desire to eat score than the dpdrom week one to week eight

at pretest meal 39 and 66minute time points, although these differences were not
statistically significant. However, by 90 minutes, the effect of the HP diet on the desire to
eat was diminished. Similarly, examinatiortloé AUC in our data showed that the HP diet
resulted in a lower desire to eat than the LP diet but, again, it was not statistically
significant. It is critical to consider that controlling the desire to eat plays an important
impact in satiety managemen¢cause the physiological condition of hunger affects the
level of desire to eg66). Although the ANOVA data at most time points and the AUC
data both showed high protein diet resulted in a lower desire to eat than the low protein
diet, there was no significant difference between groups. Total AUC is commonly regarded

to be a better measuof satiety because it considers the responses for full periods of time
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instead of focusing on individual time points. Indegtsigher protein level than the amount
that is used in the current study of protein miggnte beemore efficacious on satietiFor

example, a randomized crossover study compared the effect of different amounts of protein

intake on the desire to eat over 18 days and observed that the desire to eat was lowered by

increasing the protein content by 125% of the recommended didtamaate but not by
increasing it by 93% and 63(57).

Evidence shows that food taste is a critical factor impacting such components of satiety as
fullness and the desire to €88). The taste of food is essentiat fmompting the brain to

send either negative or positive satiety signals. Taste stimulates the desire to eat, thus

influencing whether people feel compelled to eat n{68. Brondel et al., for example,
examined the effect of adding wdiked condiments to French fries and brownies on
satiety and food intaké9). They found that people ate more food when the condiments
were added, especially if additional food with the added cosrtisnwas offered after the
basic foods were consumg®9). Consequently, in this study, we considered the
participantsdéd favourite flavours in the
and satiety responses. Participants were asked to select the test meal théleaetamning

the components required for the meal (total energy range and the macronutrient
composition). Additionally, the literature has also suggested that BMI is positively
correlated with the desire to €80). Thus, one strength of our studythat we narrowed

the criteria of BMI for the participants to increase the homogeneity of the results.

The VAS fullness score was used in our study to determine if participants remained feeling
full longer after eating an HP test meal. Comparisons oéftteet of protein content on
fullness rate between groups at time pointstpst meal, 30, 60 and 90 minutes did not
show that there were no statistically significant differences between groups. However, the
AUC for fullness for the HP group was greatwsar for the LP group in absolute terms but

it was not statically significant. This study's results differ from our previous study in which
the participants experienced more satiety with the HP diet than LR4&jetA possible
reason for the different findings is that in the current study, we used different subjects for
the HP and LP diets, whereas in our previous study, the-owessdesign allowed the

participants to contst their satiety on the two diets. The crossover design is more efficient
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in comparison to using a parallel design because it eliminates the betwgeat
variability and increases the sensitivity, due to each participant being his/her own control.
Howe\er, the two studies did not use comparable methods to test elements of satiety; this
study used a test diet before and after their HP and LP diets, whereas in our previous study,
the participants compared their HP to LP dietary experiences without théaisest diet.
Nevertheless, many other studies have suggested thapiutgin intake positively
impacts fullness. For instance, Veldhorst et al. compared the effects ofarbigim meal

(25% of total energy from protein) versus a normaitein mea(10% of total energy from
protein) on subjective satiety in healthy adults. They designed their test meals to have
similar organoleptic (colour, taste, smell, texture) characteristics They observed that a
higher protein content produces more fullness lasd hunge(61). Similarly, a study
compared two 24hour diets (29% protein, 10% fat, 61% carbohydrate versus 10% protein,
60% fat, 30% carbohydrate) and noted lesggeuand more fullness with a higat diet

than with a higkprotein diet(8). The connection between satiety, including fullness, and
weight management is based on evidence that measures of satiety can predict total energy
intake and weight reduction in obese ad(®2). Therefore, that high protein diets may
improve satiety suggests that it may decrease energy intake, which concurs with a review

that reported that higprotein intake decreases both the desire to eat, and HG3yer

Some evidence has indicated that early benefits from apnagkin diet and weight loss

on satiety responses might attenuate over time. A randomized study examined the effect of
a highprotein diet (30% of total energy) verstimt of a lowprotein diet (15% of total
energy) with energy intake restricted to 3@%% of the total energy required for weight
maintenance over six week®4). These researchers reported that the-prgiein group
experienced greater satiety and less hunger than thecaigbhydrate group in wegk

three and fou(64). However, the differencdsetween the groups decreased in weeks five
and six, although the higprotein group maintained a higher satiety le{@). The
reduction in satiety might be due to the physiological compensatory response that occurs
when increasing food consumption after body weight reduction. Evidence suggests that
compensatory metabolic responses resist energy deficiency in order to attenuate
disturbances in energy balan@s3). In doing so, they decrease energy expenditure and

appetiteenhancing hormong48).
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4.5.4.C-reactive protein

In the current study, we hypothesized that the HP group would have a greater reduction in
CRP than the LP group. Teome extent, our findingsupportedthis hypothesis. We
observed that the protein content affected the CRP levels as the CRP decreased in the HP
group by 0.39 mmol/L (8.55%), while it increased in the LP group by 1.29 mmol/L
(39.69%), although the difference between the groups did notstaidtical significance.

A few dietary intervention studies have examined the effect of dietary protein on such
markers of inflammation as CRP. We previously examined the effects of very similar HP
versus LP IER diets on OW/OB women and determined HeaiER diet appeared to
reduce CRP after three weeks; however, that study was not sufficiently powered to
determine a difference between HP and LP gr@dps Azadbakht eal. also conducted a
randomized controlled trial that compared the effect of a-prgkein diet (25% of total
energy from protein) versus a lgwotein diet (15% of total energy from protein) on 60
overweight and obese women over three moMB83 Theyreported that, although the
high-protein diet induced greater body weight loss and waist circumference reduction, both
diets induced a reduction in CRP regardless of the amount of protein cf8@nt
Likewise, a systematic review that investigated theceftd weight loss intervention
(surgical, lifestyle, dietary, and exercise intervention) on CRP concentration in controlled
trials concluded that body weight reduction alone is effective for reducing CRP
concentration, independent of the interveni{6s). This finding mightbe the reason for
nosignificant diffeence between groups in CRP in our study, since there was no significant

difference in body weight loss between groups.

Previous studies suggested that the elevated CRP measures of the participants in our current
study could have had a wide range of egeds, such as a high BM66), sleep disorders

and even periodontal dised6&). Perhaps a more likely reason for observing the high CRP
levels in the current study is that the study was conducted during the CC\iBndemic.
Evidence sggests that a heightened immune system from COGMDBtays activated for

as long as eight months, even after recovery from the (6&)sSimilarly, a recent study

showed that even a few months after a mild case of C&Dmacrophages altered
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inflammatory and metabolic expression, and the immune system became more sensitive
(69). They observed that the number ofqprlammatory eicosanoid molecules increased

after several mohs of COVID19 recovery(69). According to Nova S
current (effective/23/2023 to 3/23/2024) Laboratory Test Reference Ranges, CRP results
should be interpreted as follows for levels of cardiovascular risk: low, <1 mg/l; average, 1

3 mg/L; high, >3 mg/L(70). The mean results for all groups of CRP results in our study

lay in the high category but with considerable variability, which suggests that some
participants, although not all, had been exposed to C@\DTherefore, the effects of

protein levelon inflammation were likely overwhelmed by those of viral inflammation.

The link between higiprotein intake and inflammation as informed by CRP levels is
inconclusive. Peng and colleagues provided participants with food for an intervention
comparing 15%versus 25% of energy from protein for 12 weeks; participants lost body
weight but increased their i &PR(71). This difference might be due to the variances in
dietary patterns and dietary protein sour
reported that dietary pattern was indeed reflected in CRP régR)t©One crossectional

study reportea significant positive association between a high intake of red meat and CRP
levels(73). However, another crossectional study found a positive as&tion between

CRP and processed meat but not with red meat or pdilily Longterm intervention
controlled trials may be able to accurately determine the effect of dietary protein content
on CRP.

4.5.5. Lipids profile

Overdl, the current study found no differences in the effects of-pigitein versus low
protein IER diets on most lipids (i.e., LDL, HDL, and cholestewith neither diehaving

a significant effect. However, we observed a 40.72% decrease in triggsen the HP
group and a 32% reduction in the LP group, although only the triglyceride reduction in the
LP group was significant (p=0.009). At baseline, the means of neither group met the level
attributed to high risk (>1.7 mmol/L), although both wereselto it. In individuals with
metabolic syndrome, such reductions (40.72% and 32%) would be clinically meaningful

(75). Indeed, a systematic review and megression analysis of randomized controlled
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trials stated that reducing triglycerides lowered tis&k of major vascular events in

randomized controlled studi€sb).

Weight loss alone typically results in lowering circulating levels of triglycerides, with one
metaanalysis specifying that, on a population basis, for every 1 kg lost in an obese person,
triglycerides would be lowered by 0.21 mmolL6), which is about double the reduction

in triglycerides per kg of body weight in our study. Evangelista and coworkers conducted
a randomizedontrolled study that involved restriction of energy intake in 76 overweight
and obese subjects to compare the effect ofprgkein (30% protein) and normptotein

diets (15% protein) over three mont{¥’). Their reduction in triglycerides per body
weight loss was higher in their HP group although both groups demonstrated much lower
triglycerides per body ®ight loss that those in our study. Overall, the effects of dietary
protein level on circulating triglycerides remains confounded by factors that have not yet

been clearly defined.

We found little effect of the IER diet or protein level on total cholekteRL cholesterol,

or HDL cholesterol in our study. Others have reported both similar and different results.
Evangelista et al. tested a 15% versus 30% protein diets and found no changes in HDL or
LDL cholesterol due to either energy restriction or protevel, but a significant, 11.7%

drop in total cholesterol in the high protein group (41). M&eadlego et al., compared

20%, 27%, and 35% of total energy as protein, and reported that increasing the protein
content resulted in mixed effects on the Igp@rofile(54). No changes were found in total,

HDL, and LDL cholesterol in the 20% and 27% protgmoups but in the group who
consumed 35% of total energy as protein had significant reductions in total cholesterol and
LDL cholesterol, but an undesirable reduction in HDL cholest@&#). Farnsworth and
coworkers tested 16% versus 27% energy from protein energy reduced diets for 12 weeks
and reported significant reductions in both total and LDL cletek and an increase in

HDL cholesterol.(77). Nevertheless, Azadbakkt al. compared restricteghergy diets
formulated to provide 1,300 and 1,600 kilocalories for women and men, respectively, with
high-protein (24% of total energy from protein) and {gwotein diets (15% of total energy

from protein) over 12 weeks; thegported no significant difference in blood lipid levels

between the group@8). Similar to Azadbakht, Johnston et al. compared a-pigkein
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diet (32% total energy) to a standard protein diet (15% total energy) in a randomized trial
(64). They measured LDL cholesterol and total cholesterol and fdwatd while HDL

ratios were not significantly affected in either group, total cholesterol decreased
dramatically in both group&4). A reason for differences in results among studies is not
clear. Possible causes include differences in the absolute amounts of protein, the cohorts
used, and the protocothemselves. Additionally, certain dietary constituents can result in
different outcomes. For example, when comparing a-pigkein diet with a high glycemic

index to one with a low glycemic index, an increase in total cholesterol and LDL
cholesterol cocentrations was found, unlike in the observed results of agrgfein diet

with a low glycemic indexX78). These different findings could imply that changes in the

|l i pidsdé profile are more closely associate
content(78).

Similar to intervention studies, relevant creestional studies have prockd different
findings concerning the association between protein content levels and lipid
concentrations. For instance, when a cssdional study that involved 23,876 adults
compared those with an intake of up to 0.8 g of protein per kg/day withvithastypically
consume 1.5 g of protein/kg/day, the latter group was associated with higher HDL
cholesterol concentration&9). Nevertheless, a systematic review found little or no
association between protein content and lipids concentré8@n The reason for these
different findings could be that changes in dietary patterns in different countries and pattern
sources may b to varying relationships between dietary protein lipids profiles.
Moreover, protein sources are another reason for these different findings. A systematic
review and meta analysis of randomized con
protein wih a plant protein is associated with reducing LDL cholesterol anthnong h
density lipoprotein cholester@Bl). It is important to conduct further studies examining

the effect of IER diets with higprotein levels to obtain a clear conclusion regarding the
effects of dietary protein with IER on plasma lipid profile because improving plasma lipid
profile, especially in obese individuals, is highly associated with reduced risk of

cardiovascular diseas€82).
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4.5.6. Hemoglobin Alc HbAlc)

We hypothesized that a higitotein diet would induce greater improvement in HbAlc
than a lowprotein diet since evidence indicates that middjed overweight and obese
individuals tend to have slightly elevated HbA1c. In contrast, our study found no change
in HbAlc level in either groupndno significant difference in HbAlc between the two
groups. Our findings are also inconsistent with a raetysis comparing the effecfa

high versus moderate protein diets on glucose metabolism, including HbAlc, in individuals
with type 2 diabete@3). Their findings indicated that HP diets lead to a greater reduction

in HbAlc concentration. Similar to the metaalysis findings, a randomized controlled
intervention compared diets casting of 18% versus 35% protein with a restrieggebrgy

diet (1,2002,000 kcal per day). The HbAlc concentration in both groups was significantly
reduced at 3 months, and more greatly reduced in the HP group. Further improvements in
HbAlc declined by 6 wnths; although still significant for each group, the differences
between protein diets groups no longer remained. However, the efficacity of the HP diet
remained apparent from the results of a different measure of glycemic control, Homeostatic
Model Assesment for Insulin Resistance (HOMIR), which indicated that the HP diet
exceeded that of the LP diet on glycemic conf@dl). Enhanced glycemic control would
diminish the risk of microvascular complications for individuals with type 2 diabetes and
prediabetes(85). Evidence indicated that every 1% decrease in glycated HbAlc is

associated with enhanced letegm resultg86).

It is critical to mention important factors that may have caused our study to differ from
previous findings included in the medaalysis, which may have caused a bias in our
findings(83). First, besides having a small sample size, our stadymvssing a significant
amount of blooebased data, making it difficult to detect minimal differences between the
groups. Additionally, most participants had normal HbAlc levels at baseline, and
improvement is more likely to appear in individuals with @omal HbAlc levels. The
available data concerning the effect of a higbtein diet on HbA1c were inconclusive and
required confirmation in further studies. For example, in the previously mentioned meta
analysi$83), although high protein positively impacted HbAlc, it did not impact fasting

blood glucose leels, whereas the more recent intervention found differences among all

13t



measures of glycemic control (fasting glucose, HbAlc, and HOR)Aespecially over
time (87). A possible confounding factor in using HbAlc as the measure of glycemic
control is that a higer than usual intake of branched chain amino acids have been
positively correlated with increased HbA(BS).

4.6. Limitations and implications

Conducting this study remotely resulted in limited control over environmental conditions
in measuring subjective satiety responses. However, this study has specific criteria which
would assist in obtaining homogeneitf the results; for example, evidence shows that
men have different physiological responses to satiety than women. Similarly, age and BMI
influenced the results. Therefore, the results of the current study are limited to women with
similar BMI and age ah cannot be extrapolated to other populations. Further research
investigating the effects of IER on men and women over age 55 and those with greater
obese would be beneficial. Another limitation of the current study is that no data was
collected from Lifeam app to confirm that the total energy intakes of the participants were
within the total energy needs to maintain body weight from day four to seven. Moreover,
the lack of human studies and the wide range of protocols for IER make it difficult to find
a dear strategy for practicing IER for this cohort so that doctors and dietitians can properly
direct their patients. However, this study may contribute to the literature by confirming the
results of others and filling identified gaps in previous studieardéng the effect of
protein content in IER on improving satiety, glycemic control, and lipids profiles. Most of
the intervention trials that examine the effects of intermittent energy restriction on health
indicators (lipid profile, glucose metabolism, iglet loss) lack detailed information about
diet. These studies mainly focused on comparing intermittent energy restriction to
continuous energy restriction or another objective that differs from what the current study.
Therefore, we compared our resultdhnprevious studies that examined dietary protein
levels combined with forms of restricted energy diets, as intermittent energy restriction is

considered one type of restricted energy diet.
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4.7. Conclusion

This study used telehealth methods to investigatgiven an eightveek HP diet combined

with IER would improve satiety and induce a reduction in body weight and waist
circumference more than LP diet. It also investigated whether an HP diet would be more
effective in enhancing health indicators, including lipids profile, HbAlc, and CRP, than

an LP diet. Both diets led to considerable body weight and waist circumference reductions
but these were not significantly different between groups. High CRP levels suggested that
most participants were still recowgy from COVID-19 infection. Triglyceride levels were
substantially reduced, especially by the high protein condition; although not statistically
significant, this finding is of clinical importance. Neither the IER or protein levels affected
LDL -cholesterh HDL-cholesterol, total cholesterol or HbAlc values. Despite these lacks
of differences, our finding that the HP group felt greater satiety after their test meal suggests
that a HP version of an IER diet might increase its sustainability over the nmatisd

to fully benefit from reduced body weight and other health benefits provided by adherence
to an IER diet.
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CHAPTER 5: BENEFITS OF AND BARRIERS TO UTILIZING TELEHEALTH
TO DELIVER DIETARY INTERVENTIONS

5.1. Abstract

Telehealth is used in health care and many types of heddtled research as a safe
alternative to the traditional fade-face approach to healthcare, especially in light of
recent precautions for preventing the spread of COGXADLimited dietary interention

studies have examined satiety using telehealth. This paper aims to discuss the pros and
cons of telehealth based on my experience conducting a dietary intervention study to test
the effect of dietary protein content on satiety, body weight, andircdrealth indicators.
Telehealth was cosffective and the data was easy to manage. However, study protocol
plays an essential role in both the effectiveness and level of the difficulty when using
telehealth. To ascertain the accuracy and reliabilityetgfhealth methodology, further
research that compares telehealth to traditional methods when conducting dietary

intervention would be beneficial.

Keywords: telehealth, remote intervention, sedfport.
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5.2. Introduction

The COVID-19 pandemic significantly impacted many aspects of health care, politics, and
social interactions worldwide. Canada, like many countries, instituted quarantines and
travel restrictions to prevent COVHDO transmissior{1). The pandemic and imposed
restrictiins constituted a strong reason to shift to alternative methods, whether in healthcare

or human research, to reduce the spread of CE@\ADONne of these methods is telehealth.

The Worl d Health Organi zat i o-+effeCtivéld@ecuef i n e s
use of information and communications technologies in support of health and health
related fields, including healthcare services, health surveillance, health literature, and
heal th educati on, (R.Thisappeachtasbe@mmehighlyacscepted ¢ h 0
and recommended in some cases among health care providers, especiallyetsamnsl
distancing is imposed to reduce the spread of CG1A3,4). Thus, numerous research

areas have become dependent on using telehealth as an effective option to conduct
research, as it does not require direct interaction between the patient and researcher or the

healthcare providgp).

In light of the spread of the coronavirus and recent WHO recommendations (Jan 10, 2023)
(6), the dependenoyn telehealth by many dietary intervention researchers has increased.
Recently, many methods, programs, and software applications have been developed to
facilitate conducting telehealth methodology in nutritional research. Technological
advances appear ppomise to reduce the cost burden, access more target populations, and
improve the efficiency of data collection in nutrition reseafch With these benefits,

many internet and webased applications have been classified as valid and reliable to
guarantee the conf i de n(8)iAadcantrgvievocbnclpdadithate nt s 6
telehealth benefits obesity management and intervention, and that the technology was
effective and uncomplicated, deperglion how the intervention was desigr®jl This

paper briefly summarizes the benefits and limitations of conducting a dietary intervention

remotely and provides recommendations for relevant future research.
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5.3. Barriers to utilizing telehealth
5.3.1. Blood test appointments

Based on the current studyés protocol, the
to establish preand postietary intervention baseline values. As the current research was
conducted remotely with participants in various areas of Nova Staiparticipants did

not have blood tests taken in a research lab; rather, an electronic laboratory requisition form

for use in a public blood laboratory was delivered to the participants. All parameters of the
blood tests were part of routine bloodwork atients and were requisitioned as such from

the public healthcare laboratory, with no cost to the patient or the study. The patients
received a blood test requisition from the

Zhu, which they could take &ny blood clinic across the province.

Conducting blood tests outside of a research lab had both advantages and disadvantages.
One positive aspect was that participants could choose from a wide range of blood
collection clinic sites since participants wéoeated across the province. This approach

was costkeffective and convenient for the participants, especially those with mobility
limitations or living far away from the Halifax Regional Municipality. It also eliminated

the need for parking in downtown kax and waiting in the phlebotomy waiting room

during the pandemic. Despite these advantages, we experienced missing lab test results for
some parameters, which reduced our ability to interpret the data. For example, a policy in
blood collection clinicsin Nova Scotia restricts the duration between blood tests for
hemoglobin Alc (HbAlc) to a minimum of 80 days. Therefore, our request for retesting
after eight weeks was denied for some of our participants, despite evidence that two months
is adequate to slw changes in A1¢10), When lab esults were returned without all
expected parameters measured, it was impossible to repeat blood tests because they were
conducted in the public blood test collection clinics, from which results often arrived weeks
after the blood draws. This was also #iteation when improbable results were received.
Previously, for a pilot study conducted in our laboratory, we could quickly repeat blood
tests. Another issue with data abnormalities arose with-teaative protein (CRRgst.

Many factors affect CRP tegesults, such as certain medicines and health conditions that



can induce CRP levels to be lower or higher than normal. One participant in our study, for
example, had high levels of CRP at the end of week eight. The subject reported that she
had a should&joint infection, which could have caused this increased CRP levels.

The COVID-19 pandemic negatively affected healthcare services in Nova $tbfi2)

Prior to the pandemic, wait times for healthcegevices in Nova Scotia were the longest

in Canadg13) but became far worse as COVI® reached the province, with 32.9%0

Nova Scotia residents experiencing appointment cancellations or postponements as a result
of COVID-19 (14). Furthermore, some blood collection clinics were discontinued in Nova
Scotia. This discontinuation increased the burden on the remaining blood collection clinics
and directly contributed to delays in our ability to kdbe blood tests required before
commencing dietary interventions. For example, in only one week in August, 2020, the
Nova Scotia Health (NSH) central zone received around 49,000 calls to book blood
collection appointments, which greatly exceeded uswaldeand swamped their phone
lines(15). This increase in requests for bookings combined witbcaease in capacity in
Nova Scotia of 4,000 appointments per day compared to theapaemic periodl16),
resulted in a delay of at least two to three weeks in booking any blood test appointment.
Moreover, when patients could not attend their blood tésty would then need to wait

for another two to three weeks for the next opportunity to do so. Accordingly, the delay in
conducting blood tests, in some cases, was up to four weeks. Thus, because of delays,
booking blood tests was one of the most sigaiit challenges in collecting data in the
current study. This delay in booking blood tests also significantly damaged our ability to
retain consented participants. Eight participants decided to not participate while waiting
several weeks for their bloodsts, five participants simply lost interest, two temporarily

left Nova Scotia, and one acquired a new job that seemed incompatible with participation
in the study. An additional five participants declined to participate because the weeks
waiting for theirinitial blood test appointments would extend their time in the dietary

intervention to include the Christmas season.
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5.3.2.Satiety measurements

Eating behaviour and food intake research can be performed under laboratory conditions
or in freeliving situations. Many researchers prefer conducting such studies in a laboratory
setting rather than in a fré@ing environment, arguing that the former provides controlled
circumstances free of the turbulence of a natural social environfhéntTherefore,
laboratory settings are considered to provide data with highly meaningful external validity,
leading to a greater ability to generalize outcomes. In contrast,-Bvirggsetting cannot

have as strict controls as a laboratory environr(efjt A freeliving seting is considered
meaningful in ecological validity but likely provides large variations and less accurate
outcomes than labetting outcomegl8). However, no strong evidence exists that findings
achieved in a laboratory study are extrapolatable outside the boundaries of the laboratory
setting in frediving humang19).

Eating is a complex behaviour that is influenced by many factors, such as social norms,
educational, and psychosocial factors. Thus, dietary intervention experiments conducted in

a laboratory setting likely involve unnatural circumstances. Individuals irlifeal
conditions, for instance, do not usually have restricted meal times, nor do they eat in a room
with monitoring, isolated from surrounding external interactig®8). Thus, eating
experiments under laboratory conditions might not be optimal for generalizing findings to

the real world. Indeed, compromising accuracy in favour of naturalness in experimental
settings based on a st ordeg Galuable fomreflecing thé d ma
environmental context and target populati@®). Accordingly, i n the
methodology, the researcher endeavored to incorporate more exacting labd@tory
aspects into the freeving situations of participants. to minimize the gap between the

strictly controlled and freéving research designs. For instance, the test meal ingredients

were standardized and easy to prepare, which helped participants to correctly follow the
instructions. Partipants were also instructed to consume the meal at a specific time, and

to abide by time limitations. They received a detailed written protocol for judging their
satiety in a virtual meeting. The Pl remotely monitored the participants to ensure that the

instructions were correctly followed. Participants consumed the satiety meal and
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performed their daily work routines. Thus, the satiety measurement was conducted in a

free-living environment with some control over confounding external factors.

5.3.3. Food intake

Since the study was conducted remotely, a food laboratory could not be used. Therefore, it
was challenging to measure satiation following a test meal by including a subsequent ad
libitum meal in the study protocol. If satiety was examined in a laborasityng, the
protocol would likely have followed this sequence: subjects would (1) consumed a test
meal (high or low protein), (2) completed subjective satiety tests at standardized time
points, and then (3) researchers would have provided participantanaith libitum meal.
Measuring the food consumed during the ad libitum meal would help to evaluate the effect
of test meal on satiety. If one test meal resulted in less food consumed during the

subsequent ad libitum meal, then that test meal would hadeq®d greater satiation.

Although including an ad libitum meal with subjective satiety tests would provide more
data to examine the effect of dietary protein content on sgf&jywe did not include an

ad libitum meal in our study protocol because we did not believe that there was an
acceptable method to assess this subsequent food intake daméoconcern of the
accuracy of selfeport Food intake can be estimated in remstigdies via selfeport,
weighted food records or by analysis of digital images of the food taken participants.
Weighted food records are generally considered to be the gold std@dakit would

require participants to weigh the food prior to consumption and the resulting food waste.
Although considerably more accurate when performed by a researcher thapagelhg,

when the participants are required to perform the weighing, this chetttambersome to

them and can distort their eating behavi{®8). Assessment of dietary intake in remote
studies via the use of photography seems promising because it would reduce the burden on
participants. Olafsdottir and coauthors assessed food intake of schdadwiml cafeterias

by both the weighted plate and photography method and reported a close corf2#tion
However, all plates were the same and presented at the same angle for photography,
photographed by the same camera, and foods served were similar, which are circumstances
that would not be present in our study. ledeonly a limited number of studies have

depended on digital photographs to calculate energy intake undetliviinge
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circumstances. Secondly, energy intake estimated through digital photographs has resulted
in considerably more errors than weighed res¢2®). One study reported that the total
energy intake estimated from digital photographs was significantly lower than that
estimated from weighing foo@6). Missing data can be another challenge due to the low

quality of photos or delays in sending pictures.

5.3.4. Anthropometric measurements

Remote determination of body weight and height require measurement with instruments,
rather than selfeporting based on segberception because they are occasionally
misreported. For iriance, obese women are more apt toregbrt their body weight as

lower than their actual body weight than ramese womel27). In contrast, women tend

to be more accurate in their sedfported height than men, who osestimate heigh28).
Underestimating body weight has also been correlatedhigtiersocioeconomistatus,
selfperceivedhealth,anda healthylifestyle (29). In this study, participaatwere required

to weigh themselves on their own scales rather than simply reporting what they thought
they weighed. Interestingly, on the eligibility setfreening questionnaire many women
selfreported their body weight as less than what they statedeofirst day of the diet,

which required that they used a scale to determine. Such differences might have occurred
because participants were sent instructions on measuring body weight and these were
discussed in the pidiet meeting. However, it is chatiging to ascertain that they
accurately reported their weight or that their scales were accurate. Although body weight
before and after the intervention was more important than actual accuracy of the scales,
providing an accurate scale would have beerepraible to standardize the error that may
have resulted from the type of body weight scale used. We could not provide the
participants with a scale because the cost of such scales is $30 to $150 for commercial and
$80 to $130 for researdjrade scale3). Providing highquality body weight scales for
participants would have cost more than the available research budgetialgp
considering delivery costs to remote locations. Evidence indicates that home scales provide
adequate and acceptable accuracy and are used in public health (@yatciditionally,

studies have demonstrated that most inaccuracies irepelfted body weight are probably

attributable to human bias or human error rather than the home scal@3elf
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To increase the validity and minimize the error inherent inregibrted body weight,

height and waist circumference values, the participants received instructions on how to
take these measurements. For example, to avoid inaccurateemmlied weights,
participants were instructed on the following required conditions participants were
instructed on the following required conditions for obtaining accurate readings on a scale
(31): 1) participants should weigh themselves in the morning before eating without shoes
while wearirg indoor clothes or no clothes; 2) the scale must be used on a hard, flat surface,
as it will not provide an accurate reading on a carpet; 3) the scale should be on a stable,
vibrationf r ee sur face during use; 4) trbese scal e
because a low battery could cause inaccurate readings; 5) for safety, it is recommended
t hat o bedd;$) the scalé¢ should be kept away from water or moisture; and 7) the
weight reading should be repeated three times consecutively to eastueacy.
Participants also received a tensioned measuring tape specifically made to measure waist
circumference, and they were provided with a video that demonstrated how to measure

both height and waist circumference measurements based on the WHO.method

The objective anthropometric measurements of body weight, waist circumference, and
height represent the most frequently used metrics in hedlted researcfB32). Body
weight and height are clinically utilized to estimate nutritional and health g2B)s
Additionally, many public studies have linked body mass index BMI to the risk of
developing health conditions, including type Il diabg&%) andcardiovascular diseases
(35). Consequently, undertaking further research to investigate the reasons ioiskbias

reporting body measures and determining how to minimize them would likely be useful.

5.3.5. Food scale and waist circumference delivery

To increase compliance, validity, and reliability, each participant received a digital food
scale and waist circumfaree measurement tape. A food scale improves diet compliance
and helps participants measure food amounts. It also acts as a tool to educate them on
measuring portion sizes and allows for greater accuracy in determination of total energy
intake. However, datering the food scales to remote participants required cost and effort;
many participants lived outside Halifax Regional Municipality. The delivery cost via

Canada Post ranged from $24 to $37, which exceeded the cost of the equipment. In future
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studies, ving each remote participant a gift card to buy a scale and tape might be a more
efficient, costeffective way of having them obtain the instruments, although this would
increase the complexity of their participation in a study. Additionally, the saadempes
delivered to participants who withdrew from the study were sometimes impossible to

recover and therefore could not be used for further participants.

5.3.6. Other difficulties

The rate of dropouts in the current study exceeded 50%, which is higherévasusly
reported in dietary intervention studi@6,37) The study itself did not seem to be a factor

in their withdrawal, as no participant reported withdrawing because of the difficulties of
the dietary intervention and no adverse events connected to the study were reported.
However, this study took place during the COVID pandemic and many participants
became infected with the coronavirus, leading them to end their participation indje stu

As the COVID19 infections waned, a spike in influenza infections occurred across the
province early in the fall of 202238 40), which resulted in the withdrawal of some
participants. Adding to the retention difficulties, Hurricane Fiona hit Nova Scotia on
September, 22022, causing widespread destruction and prolonged power ogddges

The power outages caused several participants to withdraw from the study because they
were notable to prepare their study diets. Finally, one participant withdrew because she
found it too difficult to prepare her study food separately from that of her family.

In summary, one of the challenges in conducting this research was not taking
measurements 4person by the investigator and depending onregibrting to obtain
measurements of body weight and waist circumference, thus the possibility of bias in self
reporting. To minimize this possible bias, we gave the participants clear instructions about
how to measure their body weight and waist circumference and gave the participants valid
tools for measuring body weight. In next rearch, giving each remote pantieiggft card

to buy a scale and tape might be a more efficient;effsttive way of having them obtain

the instrumentdJsing the telehealth method to measure satiety was challebgoayise

it was impossibléo control the environment of testhich may haveproducel errors in

selfreporting of subjective satiety responddewever, using reliable and valid software
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or app that such as REDCap allowed the Pl to monitor participants' responses to ensure the

participants filled out the VAS time points tme correct time points.

5.4. The benefits of telehealth method in the study

Telehealth provides many benefits to nutritional research, including the ability to provide
education and sethanagement assistance to facilitate dietary changes that enable and
maintain lifestyle changes. It provides rapid options to reach out to patients regardless of
their geographical locations and can overcome obstacles to participating-to-face

dietary intervention. Additionally, a systemic review showed that usingetaltbhfor

dietary interventions is more cesffective than a faceo-face approackd?2). The current

study used a safe online tool, REDCaphick provided data management and data
collection for our research investigations. The REDCap method facilitated the gathering of
data in one secure place and allowed it to be easily exported to statistical software such as
Excel and SPSS.

In telehealth, e use of virtual appointments instead eperson meetings accommodates
busy schedules. For the present study, we used Zoom Healthcare, which is specifically
approved for healthcare providers in Nova Scotia. Zoom Healthcare is classified as an easy
to-use, secure method to guarantee patient privacy and security. Virtual meetings also
facilitated rescheduling and expanding the time window to meet patients to include
weekends and evenings at tparticipants'convenience. Such meetings helped the
researcherschedule multiple individual meetings in one day, especially during the

recruitment phase, while maintaining the

The telehealth method also facilitated quickly arranged meetings with patients when they
had questions arequired clarification. Successful body weight management and dietary
intervention programs typically include patient follay visits via regular individual
meetings or consultations to increase commitment to dietary intervention and support
behaviouralchanges. Evidence suggests that psychological and behavioural dimensions
are critical to the maintenance of Ietegm weight loss involving IER dietd3). Follow-
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up meeting provide such psychological and behavioural sup@di In the absence of

such support, participants are more likely to regain body wéight

TheLifesumapp is aCalorietrackingsoftwarethat helps participants create healthy meals
andalso acts asn educational tool to show them how to meet their DRI requirements
based on their choic€45). Additionally, theLifesumapp gives them a large menu. The
Lifesum app provides tailored feedback, recipes, and meal plans to fit users' lifestyles.
There were extra options dhe Lifesum app that were not used because no data was
collected on noirestriction days. However, these options might be useful to deEmisi

the next large study. One of these options is phaaticipantshave the option to establish
communication with the researcher via the use of the application, which serves as a means
to enhance their level of motivation in relation to their predetezd goals. The Lifesum
application has a feature that facilitates intermittent fasting. This program allows users to
customize a fasting diet according to their own needs by including features such as setting
a targetenergyintake for certain days or wks. This program enables users to monitor
their progress and get reminders to stay focused on their itaskddition to other
supplementary attributes aimed at fostering user motivation and adherence to dietary
routines. Lifesum offers specialized meal plans tailored to accommodate intermittent

fasting practices.

For restricted days, in the main reseasttidy Chapter 4)the Nutrium software was used

to create and organize personalized meal plans for each participant at a highly confidential
level (46). Each participant had her own file that had their favourite S@odl disliked

foods to consider when designingeiih meal plan. Nutrium software uses a large food
database with more suggestions for healthy meals that many researchers, or tiatiéans
used. Also, Nutrium software allows the researcher or dietitian to create eatable cookbook
recipes so he/she cantdtiem based on each participant's energy intake and macronutrient
contentsTheNutrium softwardénasan option thaallowsparticipants to contact researchers
directly and monitor them. However, | couldtuse this option because we used NSHealth
emailas the main method to contact the participasta requirememnd meet the NS Health
Authority ethical approval However, using this option of contacting participants via

Nutrium might be useful to consider in the next large study.
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Using a seHadministeed 24hour diet recall software that is automatically coded allows
researchers to manage studies and obtain nutrient and food group data files would be useful
to overcome the shortcomings of conducting dietary intervention studies remotely online

work while maintaining internal validity.
5.5. Conclusions

Conducting dietary interventions via telehealth has many benefits. It facilitates reaching
out to participants, regardless of their geographical locations, and the collection of data.
However, it is of criticalimportance to consider the available resources, such as blood
collection, when designing a remote study in order to minimize subsequent challenges
whenever possible. While the researcher was aware that recruitment and retention would
likely be impacted bythe COVID19 pandemic, the resultant faltering of the blood
collection system in Nova Scotia in 2022 was not foreseen. This, in turn, lead to some
missing data in blood parameters, delays in conducting blood tests, and a decreased ability
to retain partiggants. Despite the reduction in participants, telehealth still prevailed by
allowing the completion of this research when alperson, norcritical human research

was required to be paused. Therefore, telehealth has demonstrated benefits in uncertain
situations. Future remote intervention studies are needed to evaluate the use of telehealth
for specific aspects involved in modernizing dietary interventions, such as the validity of
using digital photography to estimate energy intake for measuring satiety.
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CHAPTER 6: SUMMARY AND FUTURE DIRECTIONS
6.1. PhD thesis summary

The prevalence of adult obesity in Canada has risen significantly regardless of sex, age, or
geographic location. Trends show that betw@®05 and 2017, the proportion of the
population categorized as obese grew from 22.2% to 2{B%Energy or caloric
restriction, which can follow many differemprotocols, is one of the key methods for
treating obesity and regulating weight. Such diets provide health benefits due mostly to
body weight loss. Noncompliance and fatigue resulting from hunger are the most common
issues for practitioners to addresshnhis type of diet. Evidence suggests that dietary
protein can impact satiety and thus potentially offset some challenges associated with non
compliance. However, more research is necessary to investigate the effect of dietary
protein levels on satietyirestricted energy diets. Therefore, the current research project
primarily focused on investigating the effect of dietary protein on satiety and body weight,

with a secondary emphasis on health indicators (e.qg., lipid profile, Alc, and CRP).

Chapter on@rovided an understanding of the research topic, definitions of research items,
and delineations of the research problem and its scope. This chapter explained the
importance of the research topic, which seeks to contribute to the resolution of a critical
issue, which is obesity. Additionally, the various interpretations as to what constitutes a
high protein diet in research that combined it with a restricted energywdietdiscussed.
Additionally, chapter one highlights the gaps in the relevant literafne of the gaps in

the literature is the paucity of studies that have examined the effect of high protein intake

on weight management and health when combined with a resteicgrdy diet.

Chapter two assessed through a systematic review, thebdwaigearch that examined

the effect of planbased versus animal protein sources on satiety using different textures
(i.e. liquid and solid), different durations (singular meals to dietary patterns), and different
concentrations of protein. This systemaeview provided some evidence that there is no
differential effect of dietary protein sources (plardrsus animabased protein) on satiety,
regardless of the textures and the concentrations of the protein. Additionally, this
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systematic review is thdirst thorough analysis of the effects of varied protein
concentrations, contents, and textures on satiety in diets of plant versus animal protein.
However, as many confounding variables were difficult to control, appetite became a
complicated issue, regtting our findings in the systematic review. We could reduce these
constraints, though, by a uniformity of criteria for including research. We also noted that
there was no variety in the kinds of vegetable proteins used in the included studies, most
of which concentrated on soy. Only a small number of studies have focused on varied types
of legumes. Also, since most included studies used only-&rantinterventions, longer

term intervention studies are necessary.

Chapter three consists of an acceptedusaript for a preliminary study that assessed the
feasibility of combining intermittent energy restriction with a hggbtein/lowprotein

diet, and measured the effects on body weight, satiety and inflammation. THesade

approach used in this studyitva crossover desi gn hel ped to ass
study design and methodology and additionally, the acceptability of the meals for the diets.

A small sample size of six healthy overweight or slightly obese women assisted in testing

the acceptabily of the diet and the implementation process. Overall, positive results were
observed from both the low and highotein (HP) diets; reduced body weight, waist
circumference, and-@active protein (CRP), an indicator of inflammation, were measured
following both diets. However, participants reported a preference for the high protein diet

over that of the low protein diet.

The second study is presented in chapter four. Based on the information that we gained
from the pilot study, we did some modificatsto the pilot study protocol. For example,
although the dietary intervention was similar to the pilot study ({tiegefasting followed

by four days of noifasting) we increased the sample size and created more recipes.
Additionally, we expanded the dui@t of the intervention and the health indicators that

we examined. The study was designed as a pagaelp, randomized study. We blinded

the participants to the main purpose of the study to reduce potential bias in their subjective

satiety responses.
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Chapter four sought to determine if following a higher protein diet intervention for eight
weeks enhanced satiety and promoted a reduction in body weight and waist circumference.
It also investigated whether a high protein diet would be more effectimdaneing health
indicators, including the lipids profile, Alc, and CRP, than a low protein diet for the same
duration when combined with intermittent energy restriction in healthy overweight and
obese middlaged women. This eight week study was conduatsithg telehealth
methodology. Participants in both protein groups consumed a low energy intake for three
days, followed by four days of consuming the total energy required to maintain body
weight. The groups differed in their intake level of protein. Oygparticipants in both
dietary intervention groups exhibited reduced body weight and improved lipid profiles,
with no significant differences observed between the groups. The HP group reported
greater feelings of fullness than the LP group. Both diedsded reductions in body
weight, but the LP group noted a slightly higher body weight reduction. However, the HP
group reported a greater reduction in waist circumference than the LP group. There was no
significant difference in the effect of dietary protbetween the groups in Alc, LDL, and

HDL, but the HP group showed slightly more improvement in triglycerides, and CRP.

Chapter five provides a reflection on the advantages and disadvantages of using the
telehealth method in the second study, that was outlined in chapter four. There were some
difficulties in conducting dietary interventions via telehealth; nonethelesseldtesalth
method was effective in facilitating the study. The telehdadited nutritional intervention

had several advantages. Contacting participants regardless of their location and collecting
data was easier. The telehealth method allowed for theletampof this study when all
in-person, noeritical human research had to be postponed due to CQ9IOherefore,
telehealth has proven useful in difficult circumstances. Future remote intervention studies

are required to assess the utility of teletrefdt nutritional therapies.
6.2. Summary of Research

Both interventions were intensive studies with small sample sizes, but successfully
demonstrated that energy restricted intermittent fasting can be implemented for positive

health benefits in overweight drslightly obese women. Further benefits were obtained
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when the protein level was not decreased during the days of intermittent fasting. For
example, in the larger study (Chapter 4), the participants in the high protein group reported
having less desire tat than those in the low protein group, which supports many relevant
studies that have determined that high protein improves sé?iety We also found that

a high protein diet with a restricteshergy diet induced a reduatiin body weight similar

to that of the low protein group, even though the high protein diet contained relatively more
energy content than the low protein diet. Recent results indicate that a high protein diet led
to a greater reduction in waist circumfece than in the low protein group, which agrees
with previ ous (4i6) Codvereely,dmany stadeks hawe seported findings
regarding health indicators that the present analysis support. Many relevant previous
studies havalso observed that increasing protein at the expense of carbohydrates can lead
to a greater decrease in triglyceride le\&ls, but no effect of dietary protein content on
LDL, HDL, and cholesterol(5,6). Some studies have found that higher protein
consumption improves glycemic control more efficiently than lower protein consumption
(7,8). However, this observation was not apparent in the presatysis, possibly due to

the missing Alc data.

6.3. Future research

Future research on the effect of dietary protein on satiety should include examining the
effect of appetiteelated hormones with subjective satiety tests on a larger sample. The
benett of this research would be a broader understanding of the effect of dietary protein
intake on satiety and related metabolic effects. For restratedyy studies focusing on

the effect of dietary protein on body weight loss, incorporating a weightenaimte phase
might enable a determination of the effect of protein intake on satiety apart from weight
loss. A metaanalysis that consisted of 29 leteym weight loss interventions found that
80% of subjects experienced a regain of more than 50% wegghivithin two year$§9) .

This finding implies that only approximately 20% of patients can maintain their weight
loss in the long term. Nutritionists have suggested that increasing protein intake could be
beneficial for maintaining the body weight phase twesal reasond0). . Clinical studies

have indicated that high protein intake assists in maintainimgfétemasg11,12)and

increases thermogenesis and energy expend{ilkd 3 15). Additionally, nutritional
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intervention studies have shown that high protein consumption has a greater impact on
improved satiety than the consumption of other macronutri@®s Nevertheless, the
long-term role of a high protein diet §anot been adequately established. Additional
research is necessary to support the development of effective dietary interventions to

prevent and treat individuals with obesity.

Many relevant studies have defined dietary protein interventions as HP aaddd, ¢n the
percentage rather than the absolute value of protein. Thus, HP classification might reflect
total energy restriction rather than the actual amount of protein. To compare among study
results, it is critical to have a standard definition of higbtmal, and low protein in
restrictedenergy diets. With the wide variability in versions of HP diets, the-teng

impact of HP on health and body weight and the impact of habitual HP consumption on
the effectiveness of HP in weight management andhestain unclear. Further research

is also required to determine the optimal and maximum protein content in the composition
of a restricteeenergy diet. Additionally, research is required that controls for such
confounding factors in dietary content asrdéibcontent and palatability, as well as for
behavioural confounders such as habitual diet, alcohol and physical activity on the

relationship between health and protein intake, protein sources, and satiety.

Another key area for future research is explgrielehealth to conduct nutritional
interventions. The potential to connect with people, regardless of location provides
opportunities for a much larger reach of the population. Further, it made data collection
and access easier. However, further studiesracessary to evaluate the effectiveness of
the telehealth approach in conducting dietary interventions and the reliability and accuracy

of employing selreported energy intake, body weight, and satiety.

The current study showed that retaining a higietein content in the diet when following

an intermittent fasting system is a promising means of $@ort weight reduction. This

study can serve as a resource for nutritionists when suggesting options to clients. Although
the current findings need comfiation, they suggest that such a diet could lead to even
better outcomes in weight reduction in the longer term. Further research must be conducted

on how the dietary protein content affects satiety under-&esting conditions and body
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weight managemenn the long term. Understanding how macronutrient content affects
satiety may be one of the most crucial aspects of preventing and treating obesity. This
research (Chapter 5) also highlighted the benefits and barriers of using telehealth in

nutrition. Theefore, it may serve as baseline information for relevant future studies.
6.4. Limitations and implications

Noting the study limitations is not only a critical ethical aspect of scientific research, but it
also provides other researchers with a better utadelisig of the results, conclusions, and
potential biases that the exclusion criteria and the methodology may have caused.
Presenting the limitations allows the reader to consider future opportunities in relevant
research and expand scholarly inquiry. Thbs section provides the limitations of each

of the analyses included in this dissertation. The intervention trials discussed in chapters
three and four were shetgrm interventions. Such shdgrm intervention designs are
appropriate for investigatinthe effects of dietary protein on body weight and composition
changes, satiety, and health indicators. Nevertheless, they might be insufficient for
assessing longgerm effects, especially because sherin dietary weight loss
interventions tend to beoderately successful yet, frustratingly, fail over longer periods.
Longer studies need to address the promise of increased satiety from higher protein content

on changes in body weight and composition.

The processes through which increasing ergn digary protein consumption regulate
body weight are complex and not fully understood. The literature review suggested that a
high protein diet in longerm might lessen the effect of a high protein intake on satiety and
body weight managemer(tLl7). Furthermore, the success of lelegm weight loss
maintenance is a critical concern in weilgiss strategies, including when adhering to IER
diets (18). Evidence suggests that compensatory metabolic responses resist energy
deficiency to attenuate disturbances in energy balgd®. In doing so, these
compensatory responses decrease energy expenditure and -agopetiteing hormones

(19). High protein longerm interventions with intermittent energy restriction would
therefore provide more information on the effect of high protein on satiety, body weight

management, arftkalth indicators. Moreover, including a weight loss maintenance phase
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after a weight loss phase in a high protein, eneegyricted diet is an essential component

of the overall weight loss and maintenance process.

One significant limitation in the reVant literature is the lack of consensus on what
constitutes high, normal, and LP in restriciatergy diets. Another limitation of the
research presented in chapters 3 and 4 is that men as well as women of different ages and
BMIs were excluded from thesearch, which limits the ability to generalize study results.
However, the reason for excluding these categories is that literature has indicated that these
groups differ in physiological reactions to satiety. Thus, establishing certain specific
criteriafor inclusion in the study helps achieve homogeneity of results. Furthermore, due

to the lack of human research and the diversity of IER regimens, identifying a clear plan
for implementing intermittent fasting for this population is challenging. Nevesgheteis
research aimed to contribute to fill some of the gaps left by earlier research on the impact
of protein content on | ER regimens®6 i mprov

lipid profiles.

A further limitation of the research reported in clesfourwas its limited sample size. As

a result, it was not possible to identify minor variations between groups. Moreover, since
the inclusion criteria were stringent, more than 50% of applicants did not meet the
requirements for participation, thus nvad recruitment difficult. Finally, as this study was
conducted remotely, there was little environmental control for assessing subjective satiety

reactions.
6.5. Conclusions

The projects outlined in this dissertation focused on the effect of protein contattein

and body weight loss in diets that depend on IER regimes. They also investigated the effect
of protein content in IER diets on the following health indicators: LDL cholesterol, HDL
cholesterol, triglycerides, CRP, and Alc. Promising findings weted with higher
protein diets raising satiety, lowering body weight and waist circumference, and improving
other health indicators such as triglycerides and CRP. Nevertheless, the differences in

effect between protein groups was not statistically sicgmf, possibly due to the small



sample size. Despite some challenges, the telehealth method successfully served as a

method to facilitate the study.

References

ytvyak E, Straube S, Mo d i R, Lee KK. Tr e
a C o nsseeccuttii ovrea tb apeospdu Isatuidoynn CMAJ Open
ay 24 [citedif2D23AFaibl 218l e 10 &@m: E439
/'l www. ncbi.nl m.nih.gov/pmc/articles/
ok
n
e

~ 00"
="~ pRr T

5k dhobury D, Obeid O, Azar ST, Hwal |
status f ot aholwvo mygdfi atlg,e septndb dpteioghh Mmee g h
Ann Nutni9 Metab. 2006;50(3):260

-5 O

AM, Ll uch A, Stodfsltew JA, Swihmoayf s ma G
I n breakfast on the postprandial gh
) 211

e

® — -

B

0

b

L MPGM, Westerter pMakRs,h ANdDa m WeGM,e r Lt

antenga MS. Ghi &lei pepnd dgl dhc asgaotm eent tyr, a taina

ergy and substraterméeabodi em daodi mgaauh

amber. Am J Clini9Mutr. 2006 Jan; 83(1):89
.Evangelista LS, Jose MM, Sal KameH,-aBer HQ

0

a

[

t

.M

m

r

t

D

[

a

>0 5 T

in ywsoteti andards in overweight and ob

e
etes mellit#W&EARMTIi hdiags &SCt MeaPtoFai l
ed 2023 " BebA4phj86aD) 21842 m:

S

—~ O — =

t
b
t
ps:l/i/borlriynevi | ey. com/ doi / abs/ 10. 1002/ ehf
at-al | ego -BRe,neMla?r eVa | R0 EIZa S ,-RuBeda AWM, Ba
i Moinz2o0 |, eatesdalr.i grmesdr,giymi gdh et s mor e ef f«
di omet abol i c prboefsid ewa nme neputedrtavea i hgodtie ea nsd
r 2017 1Apr;36(2):371
0

g

I

t
1

JY, Zhang ZL, WangpPdteiQnndiL&t s Edmh ek
g

SNZ0MrosSrQo OO0 O UPAPTISTWTQNISINTER

, |l ycaemic control, bl ood I|-i pids an
[ dbfcomtnrdolmi esce tri al s. BO®.J Nutr. 2
e d?2 -Val #®oerza S, Ba edAM,IR LB dupi z
0O A;preott ealm.esiiieglgyy ed di ets induce gre
e h o me oasdtiapsoi ksi nbeust cnoontp mioni @ign t @i st & nid @
di abetic adults with over weib6dgdht or o
9. Anderson JW, Konz EC, Ft edemrivelsgRC, Wood
mai nt enananeal yasinseedesaf BB dt ¢din Nuti84. 200
Brehm BJ, DOAI| essipor oDXAe i nBeweeifg htts loofs shi
ence for practice? Current Oplnlon i
ernet]. 2008 Oct [wvaitleadb 2e0 2f3r cAnp:r 6] ;
s://journals. | ww. com/ co
crinology/ Abstract/ 2008/ 10000/ Benefits
. aspx

0

1 N
dgi he
n

Q ® > D K
oS +—< O

16¢



110liveira CLP, Boul ® NG, Sharma AM,- Ellio
protein total edaseets reenpel ragcye neexnpte nidnictrur e and
bal ance in Wweaghbhyadaobtsmal The American Jou
[ I nternet ] 2021 Feb 2i8[fci Aecdi 2@D3 eApr o2n6 ]
https://doi.org/10.1093/ajcn/ ngaa283
l12Pasakos SM, Cao JJ, Mar gol i s LM, Sauter E
Ef fect prwft ehingddi e¢ smassfamnd muscl e protein
weight |l oss: a randomized contiwdo/l.l ed tri al
13Raben Aplmgeren L, Flint A, Holst JJ, Ast
energy densities but rich in protein, fat,
energy expenditure and substrate metabolis
Clin20Wt3r Janl1aoao.(1):91

14Tappy L. Thermic effect of food and symp
humans. Reprod Nutr Dev [l nteimetAvaill9aOGl €
from: http:// www. edpsciences.org/ 10. 1051/
l15ParRerNoakes M, Luscombe N, r oQleiiifnt,o HiR.h E!
Monounsaturated Fat Weight Loss Diet on GlI
Di abet es. Di abetes Care [Interné3qQ. 2002 M
Avail abl e cfarrcem:d i hatbtepse:s/j/our nal s. org/ content
16Mor el l P, Fiszman S. -iRedvucsad isnagt itahtei oo | aer
Food Hydrocolloids [Internet(210201An alJiula bl e
from https:// wwwncocel/iemtciedli g/egiti. /cHMMZ &0 &5 X ]
17Long SJ, Jeffcoat AR, Mi |l-pbwatdi DBJi nERhkec
appetite and satietyi88Appetite. 2000 Aug; 3
18Hal | KD, Kahan S. Mai nt-teeamcmamndgée msnt wel
obsity. Med Clin Norti‘#‘7Am. 2018 Jan; 102(1)
19Benton D, Young HA. Reducing calorie int
Perspect Psychol ©&d&i.. 2017 Sep;12(5):703

16¢



Bibliography

A healt h-WHIOI resctoynnme ndati ons [l nternet]. [ c
from:tps:// www. wh-oo 0o mkSheet shiea tHeteiivva svthy | e
recommendati ons

AboeSuamra R, Keersmaekers L, Brienza D, Mu k h
protein sources-tem ms astaitateityn wahred <lhorstumed
2011 3Delc0:2139. do289M0B.91L18PaMIIDLE7522196620; P
PMC3295702.

Acheson KUubBhonodARilapYogoreyS, Bea-Amant SM, Emz¢
Ammehuf ferey C, MonnaiMdehnoRi CaudBoS8etNioelse

choices targeits ngnd hmetmaolgelniesm. Am J Clin |
34. doi: 10.3945/ajcn.110.005850. Epub 201
Ahi ma RS, Ant wi DA. Brain egul ation of ap
North Am. 200-83Dede?c(I4§)2(§B a608%. @05. PMI D:
PMCI D: PMC27106009.

Ahi ma RS, Saper CB, Flier JS, El mqui st JK.
Ssystems. Front Neur oemBdocr idmal:. 1200 A® 0BU If ;rn
PMI D: 10882542,

Ahi ma RS. Rewi sitrionge liempobesity and wei ght
Jul ;1183.7)d®i3:8010.1172/JCl1 36284. PMID: 185¢
Al fenas R de C, Bressan J, Pai va AC. Ef fec
met abolism in cosmalArgeBglas &wbjper i nol Me t
51 doi 1207. 310529001V 0s000000140 0008 . PMI D: 20414547
Al i ce Call ahan P, Heat her Leonard Me, Tamb
absorption. 2020 Oct 14 [cited 2023 Jun 10
https:// openoregon. pr es s b eporkosd épguass/ tniuamr i t i o
absorption/

Al lison DB, dmsnamidnikEe, KR,evwens J, Vanltallie
attributable to obesity in the WWBni tdod :St at
10.1001/jama. 282.16.1530. PMID: 10546692.

Al ptekin KM, ¢akiro] bagl kFd®Pan ¥amecimNomrmiEfdemr:
postprandial appetite, energy intake and f
randomi zed controlled tri-4#42. Ndor: Heal t h.

10. 1177/ 02601060211023256. Epub 2021 Jun 1

Alzhrani NE, Bryant JM. Intermittent energy restricticombined with a high
protein/lowprotein diet: effects on body weight, satiety, and inflammation: a pilot study.

17C


https://www.who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle---who-recommendations
https://www.who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle---who-recommendations
https://openoregon.pressbooks.pub/nutritionscience/chapter/6d-protein-digestion-absorption/
https://openoregon.pressbooks.pub/nutritionscience/chapter/6d-protein-digestion-absorption/

Obesities [Internet]. 2023 Jun [cited 2023 Jul3R), 180192;
https://doi.org/10.330/obesities302001®besities 2023Available from:
https://www.mdpi.com/2673168/3/2/15

Amigo L, -HedegmaeR. Current evidence on t he
bi oactive peptides. Mdl7®&culdes.. 2020 Sep 29
10. 3390/ mol ecul es25194479. PMI D: 33003506;
Amin T, Mercer JG. Hunger and satiety mech
the regulation of food intadke. dour.r Obes R
10. 10070 5@138%47 P MI D: 26762623; PMCID: PMC479
Anani eva EA, Powel |l JD, Hut son SM. Leucine
signaling and beyond. A&OW5Nutdai 2016 Jul 1
10. 3945/ an. 115.011221. PMI D: 27422517 ; PMC
Ander soenn eAhSan RAG, Saxton JM, Bell J, Cade J
Sniehotta F, Treweek S, Martin RM; UK NI HR
(Popul ation Health Stream). Guamerea grre vveenti
20207? Br J Cahz4(t61)0Xx6249dMar: 00103838/ s41416
Epub 2020 Nov 25. PMID: 33235315; PMCID: P

Ander son GH, Li ET, Anthony SP, Ng LT, Bi a
brain amino acttdermr dfoiolde 9 nd rdRihegsshiaor Itt. h €l 9r9at .
May; 266(5 -#6. 2o R16Y6. 1152/ aj pregu. 1994. 26

Ander son JW, Konz EC, Ft edmrivegRhai Woed a@
metaamal ysis of US studies. A3M.J dCdii:n Nutr.
10.3/0®jcn/ 74.5.579. PMID: 11684524.

Ankarfeldt MZ, Angquist L, Jakobsen MU, Overvad K, Tjgnneland A, Halkjaer J, Astrup

A, Sgrensef . Interactions of dietary protein and adiposity measures in relation to

subsequent changes in body weight and waist circumference. Obesity (Silver Spring).

2014 Sep;22(9):209703. doi: 10.1002/0by.20812. Epub 2014 Jun 19. PMID: 24942843.

Anton SD, KMod&onahoo WT, Mar osi K, Lee SA,
C, Mattson MP. FI i pping the metabolic swit
benefits of fasting. Obesi-2§8( Sdbdbiver Sprin
10. 1002/ oby. 220315.. MEMIub: 220908 604cx6; PMCI D: F

Apolzan JW, Carnell NS, Mattes RD, Campbell WW. Inadequate dietary protein
increases hunger and desire to eat in younger and older men. J Nutr. 2007
Jun;137(6):14782. doi: 10.1093/jn/137.6.1478. PMID: 17513410; ®I:
PMC2259459.

Araya H, Hi |
comparison b
Sci Nutr. 20

l's J, tAelrwn fatMetYeraa @.r eSttcdroto |
et ween high protein meal and a
@3 . Madro;i 51 (12).:11018D/ 09 &R74H686001008

171


https://doi.org/10.3390/obesities3020015

Astrup A, R a
obegietyat ed c
10. 1038/ ijo.

A, Gei ker N. The role of nh
bi I ties. |l n6.J dObhes (Lond
6. Epub 2014 Dec 26. PM
boAhy dCraat es as macronutrients in relat
. I nternational Journal of Obesity

JAVSHi | abl e from: https:// www. natur e

© 0T

.3
A. Theofs gptravakeengt powb
P -

Astrup esity prevent.i
2005 Juk;8a@d¢6l):10.1093/ajcn.82.1.1. PMI D:
Ayaso R, Ghattas H, Abiad M, Obeid O. Me a |
acid supplemented di egtsd:net, heargfifna mte, o fp rtorly
Nutrients. 2022.Jdbi 1; 6073392608u60725009 P
PMC4113753.

Ayers T. Blood collection in N.S. hospitals down due to pandemic restrictions. Feb 05,
2021 [cited 2023 Jan 29]. Availabfrom: https://www.cbc.ca/news/canada/nova
scotia/nshospitatblood-collectionsdown-1.5903209

Azadbakht L, 1zadi V, Surkan PJ, Esmaillzadeh A. Effect of a high protein weight loss
diet on weight, higksensitivity creactive protein, and cardiovasculakramong
overweight and obese women: a parallel clinical trial. Int J Endocrinol.
2013;2013:971724. doi: 10.1155/2013/971724. Epub 2013 Aug 6. PMID: 23986778;
PMCID: PMC3748746.

Azzout B, ClHldeyemnxMB,B®eset J. Glutcomeogene
in rat hepatocytes during the shift from a
car bohfyrdereatdei et . J Nutr-78.19@di NoVQ11@93/lj nl
PMI D: 6491768.

AzzoMatr ni che D, GaudichonVC, HBheawet JE, Bom®
Liver glyconeogenesis: a pathway to cope w
protein fed rats? Am J Physi ol Reg-ul | nt eg
doi: 10.1152/ ajpregu.00566.2006. Epub 2006
Baer DJ, Stote KS, Paul DR, Harri s GK, Rum
not soy protein supplementationl iavitnegr s bod
overweight and obese aduldt4s. dboiNutr. 2011

10. 3945/ j nEAuKl . 28PB4Dun 15. PMID: 21677076;
Bagherniya M, Butl er AE, Barreto GE, Saheb
restriction on autophagy induction: A revi
Nov; 419¥83doi A8 .1MW8.60Q04.arEpkb 2018 Aug 31

Banegas -GRrctkap€&z Gr &£&aisdanil | An-FPsalGludrLerr ez
Al onso J  -ArRoadlre?jgou eFz. Rel ati onship between o
di abetes;r edrad elde gylutaly i t yeoél deflyamBur J Ca

172



Rehabil 20062 Juchoil4(BQ). 67/ HIR. 0b013e328I
17568249

Barazzoni R, Gortan Cappell ari G, Zanett.

KS. Hi gher wunacyl at ed fgohlrleolwinn ga nddi eitnasruyl irnes
weight | oss in obese humabndsd. Cdoin: Nutr. 20
10.1016/j.clnu.2020.06.014. Epub 2020 Jun

PMC7759591

Barkeling B, R°ssner S;prb®jt %n \netinie adin d( Ede fale ic ¢
carbohydrate me a | (vegetari an) on sati et
monitoring of subsequent food intake, mot i
1990 Seps:bN4( PMID4E43 2228407

Barnard ND, GloedeDI0, -MEdGhaernly, GlerGkieren AA,
Ferdowsi ahaHH. vAghowdi et elicits greater ma
comparable in adherence and acceptability,
di et among individual s Awistolt .t Y20 92-Féibg Hetod
doi: 10.1016/j.jada.2008.10.0409.

Barua B, Rovere MC, Skinner BJ. Waiting your turn: wait times for health care in
Canada 2010 report. SSRN Electron J [Internet]. 2011 [cited 2023 Jan 13]; Available
from: http://www.ssrn.cortabstract=1783079

Bayham BE, Greenway FL, Johnson WD, Dhur an
mani pul ate the quality instead of quantity
satiety. J Diabet efsudgContpbl)c.adidbions. 2014 Ju
10. Y916 diacomp. 2014.02.002. Epub 2014 Feb

Bédard A, Hudon AM, Drapeau V, Corneau L, Dodin S, Lemieux S. Gender differences
in the appetite response to a satiating diet. J Obes. 2015;2015:140139. doi:
10.1155/2015/140139. Epub 2015 SepMIP. 26442158; PMCID: PMC4579320.

Bellisle F, Drewnowski-PIAagntAemrmdga sM,n Nbaddr, t iWe s (
Sweetness, satiation, and $d4Siedwpi :J Nutr.
10.3945/jn.111.149583. Epub 2012 May 9. PM
Bendt sernlkz@,n LK, Bendsen NT, Rasmussen C,
proteins on appetite, energy expenditur e,
evidence from controlled cl i nR38.aldotir:i al s.
10. 3945/ an. 103.238Y2B91,PMPMCI D: PMC3941822.
Benelam B. Satiation, satiety and their ef
2009 [cited 20P723.JuAv ali2l]a;b3l4e( 2f)r:o0ln2:6
https://onlinelibrary. 8i0lldy 20da/. ddi7S58bx/ 10

17¢


https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-3010.2009.01753.x

Bensapuyd A, Tom® D, Gietzen D, E@enPiPot Mom el
more potent than carbohydrate for reducing
1, 75(-8P:5@3i : 1903 8140(10627)s00066B46D: 12062322

Benton D, Young HA. Reducing calorie intak
Per shhseyxdh ol Sci . 2701147. Sdeopi;:1 21(05.)1:177073/ 1745691
2017 Jun 28. PMID: 28657838; PMCID: PMC563

Bligh HF, Godsland I F, Frost G, DBlunTa&lrb &Ktl,
DC, Casey J, MulderchPmi Bedr meMIs Bhaertd on
principles have a dramatic i mpact on incre
littl e effect on glucosef badims ssahedd ukdy me 8
Nutr. 2015 FeBbd.28;0113(140).:1907147/ S000711451400
PMI D: 25661189

Bl om WA, Lluch A, Stafleu A, Vinoy S, Hol s
hig9hotein breakfast osspamee poAmpd a@ldiimal Nuth
Feb; 83P): :ddl1l: 10.1093/ajcn/83.2.211. PMID
Bl undel | J, Rogers P, Hi A. Evaluating

acceptance and consumpt

t
i n: @altrms sJ, B
Food acceptance anid9nut ri 0

.
i on. 1987. p. 2

Bohnacker S, Hartung F, Henkel F, Quaranta A, Kolmert J, Priller AD&h M,
Giglberger J, Kugler LM, Pechtold L, Yazici S, Lechner A, Erber J, Protzer U, Lingor P,
Knolle P, Chaker AM, SchmietVeber CB, Wheelock CE, Esseon Bieren J.

Correction to: Mild Coviell9 imprints a longerm inflammatory eicosanciénd

chemokine memory in monocytkerived macrophages. Mucosal Immunol. 2022
Apr;15(4):798. doi: 10.1038/s413822-005267. Erratum for: Mucsal Immunol. 2022
Mar;15(3):515524. PMID: 35562559; PMCID: PMC9098895.

Boirie Y, Dangin M, Gachon P, Vasson MP, M
dietary proteins differently modul ate post
U S A. (%9 7iaA8 30

Bowen J, Noakes M, Clifton PM. Appetite re
di etary proteins differ by body mass index
energy intake. J Clin Ende&cridomdR 1€ ab20D6
0609. Epub 2006 May 30. PMID: 1673548
Brehm BJ, D' Al es s tpa oDAe.i nB ewed fgihtts | oofs shidghet s
practice? Curr Opin Endocri rR201l. Dlioabetes Ob
10. 1097/ MED. 0b013e3228383P8dc13. PMID: 18769

Brinkworth GD, Noakes M, Buckley JD, Keogh JB, Clifton PM. Laegn effects of a
very-low-carbohydrate weight loss diet compared with an isocaloridddwiet after 12
mo. Am J Clin Nutr. 2009 Jul;90(1):2®. doi: 10.3945/ajcn.2008.27326. Epub 200
May 13. PMID: 19439458.

174



Brondel L, Romer M, Van Wymelbeke V, Pineau N, Jiang T, Hanus C, Rigaud D.
Variety enhances food intake in humans: role of serspegific satiety. Physiol Behav.
2009 Apr 20;97(1):441. doi: 10.1016/j.physbeh.2009.01.019. ERQOBY Feb 1. PMID:
19419673.

runstrom JM, Brown S, Hi nton EC, Rogers P
unger and f umé amlesisntier tdle. iApes&ti dei : 2011
0.1016/j.appet . 2011.01.002. Epub 2011 Jan

= S5 W

Burger KS, Cornier MA, Ingebrigtsen J, Johnson SL. Assessing food appeal and desire to
eat: the effects of portion size & energy density. Int J Behav Nutr Phys Act. 2011 Sep
25;8:101. doi: 10.1186/14798688-101. PMID: 21943082; PMCID: PMC3204278. 1

Buo#r eeman B, Liyanage D, Rahman S, Ediris
dietary fibers on satietyamdhdp exntemagryo p aad a«l
wWo men. Nutr Healthy Adgi68g. d»017-18aB28B/ NHA
PMI D: 208; 4 A4PTMC/1I D : PMC5389022.

Burf+oeeman B. Dietary fiber and energ
Suppl }2:75B2S doi : 10.1093/jn/130.2.272S. PMI

Ka eova H, Al warith J, Bu
of f ood: A Review. -H51Am Cwoi
57 2018. 1552544. Epub 20

Calcaterra V, Verduci E, Vandoni M, Rossi V, Di Profio E, Carnevale Pellino V,
Tranfaglia V, Pascuzzi MC, Borsani Bp8etti A, Zuccotti G. Telehealth: a useful tool

for the management of nutrition and exercise programs in pediatric obesity in the
COVID-19 Era. Nutrients. 2021 Oct 20;13(11):3689. doi: 10.3390/nu13113689. PMID:
34835945; PMCID: PMC8618189.

Camhi SM, Bray @, Bouchard C, Greenway FL, Johnson WD, Newton RL, Ravussin E,
Ryan DH, Smith SR, Katzmarzyk PT. The relationship of waist circumference and BMI
to visceral, subcutaneous, and total body fat: sex and race differences. Obesity (Silver
Spring). 2011 Feb;19J2102-8. doi: 10.1038/0by.2010.248. Epub 2010 Oct 14. PMID:
20948514; PMCID: PMC3960785.

CampfLiAel dBrandon ®,in®&micomtkFhuo@Qrs measur
and meal pfae¢ ¢ @irmgimatts eet he role of glu
Bull . 1985 -1J6un ;dlod (:6 }B.@30D50 B&3).O BAMIOD: 4027

Campf
gluco
Sep; 1

i Slmd tthA,FJ. Functional coupl
se and feeding behavior: te
783):dBpv: DPQ3IDQB®IY).OBIRWOD: 37

PHA of . i0ikad itéhy camamiCa niam@al i cati ons |
2022 Juht2ps: Ay awiwlwalcla@eafdmroma/ en/ pub

17t


https://www.canada.ca/en/public-health/services/health-promotion/healthy-living/obesity-canada/health-economic-implications.html

hebhl servi-peosmbeéeablhihwhiemd-dtantyad ad dye md mihc
i mplications. ht ml

Canadians overwei ght-2®m20 o[blerstee rpregtcle.nt itgat i2<
13]. Availabl e ftraa.mcor/tdtpat: i/ sotliveomsa/siti4e8n3s39/ st
over wei b Blsaesoerd mi /

Carey VJ, Walters EE, Colditz GA, Solomon CG, Willett WC, Rosner BA, Speizer FE,
Manson JE. Body fat distribution and risk of Aosulinrdependent diabetes mellitus in
women. Tle Nurses' Health Study. Am J Epidemiol. 1997 Apr 1;145(7}%1dbi:
10.1093/oxfordjournals.aje.a009158. PMID: 9098178.

Carlsen MH, Lillegaard IT, Karlsen A, Blomhoff R, Drevon CA, Andersen LF.
Evaluation of energy and dietary intake estimates from affegdency questionnaire

using independent energy expenditure measurement and weighed food records. Nutr J.
2010 Sep 15;9:37. doi: 10.1186/142891-9-37. PMID: 20843361; PMCID:

PMC2949781..

Casadei K, Kiel J. Anthropometric Measurement. 2022 Sep 28tdtPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2023.JaMID: 30726000.

CBC News. 2016 [cited 2022 Jul 2] . Worl dos
rise further | CBC News. Available frohitps://www.cbc.ca/news/health/obesiipbal
1.3516729

CDC. Healthcare Workers [Internet]. Centers for disease control and prevention. 2020
[cited 2021 Oct 27]. Available from: httpsvww.cdc.gov/coronavirus/2019
ncov/hcp/clinicalguidancemanagemenpatients.html

CelMosr ales CA, Petermann F, Steell L, Ander
S, Lyall DM, Lean ME, Pel | J P, Sattar N, G
preitn i nt afkree ewimahs sf aa&and gsreicpt isotnrael n gstthu:d ya icnr
Bi ob participants. Am J -Eplidemdowil:. 2018

ank
10. 1093/ ajel kwy134. PMI D: 29961893.

Cerqueira FM, da Cunha FM,R€Cmhdei Ra, d@aiSc i
Col epicol o P, Medei r ost eMHy iKnotwearlntiotwseknit AJe.e
caloric restriction, |l eads to redox i mbal a
intol erance. Free Radi c-6Bi.old oMed. 2011 Oct
10.1016/j .freeradbiomed. 2011.07.006. Epub

ChalvonDemersay T, AzzouMarniche D, Arfsten J, Egli L, Gaudichon C, Karagounis
LG, Tomeé D. A systematic review of the effects of plant compared with animal protein
sources on featas of metabolic syndrome. J Nutr. 2017 Mar;147(3)282. doi:
10.3945/jn.116.239574. Epub 2017 Jan 25. PMID: 28122929.

Cheng CW, Villani V, Buono R, Weli M, Kumar
PerLi,n Longo YD.mikE&kstmnigng i edr ipwosmamrhdt @ £ greqired at |

17¢


https://www.canada.ca/en/public-health/services/health-promotion/healthy-living/obesity-canada/health-economic-implications.html
https://www.canada.ca/en/public-health/services/health-promotion/healthy-living/obesity-canada/health-economic-implications.html
https://www.cbc.ca/news/health/obesity-global-1.3516729
https://www.cbc.ca/news/health/obesity-global-1.3516729

es. Cé&BIB.ed2@17deeb 23, 1068363)

rever se di et
2 95; PMCI D: PMC5357144.

i ab
PMI D: 282351
Chrysohoou C, Panagiotakos DB, Pitsavos C, DasSi&fanadis C. Adherence to the
Mediterranean diet attenuates inflammation and coagulation process in healthy adults:
The ATTICA Study. J Am Coll Cardiol. 2004 Jul 7;44(1):182doi:
10.1016/j.jacc.2004.03.039. PMID: 15234425.

Ciof fi I, EveanW,elCGisdcaomre @Fon&ol dat i L, Sant
F, Ghigo E, Bo S. I ntermittent versus cont
cardi ometabolic outcomesmnahysyst ematian doaev
controll ed td.i a2018 JDela a2nds;l1 6Mel Y0:1B7 W8 doi
PMI D: 30583725; PMCID: PMC6304782.

Coelho M, Oliveira T, Fernandes R. Biochemistry of adipose tissue: an endocrine organ.
Arch Med Sci. 2013 Apr 20;9(2):19200. doi 10.5114/aoms.2013.33181. Epub 2013
Feb 10. PMID: 23671428; PMCID: PMC3648822.

Comparison of waist circumference using th
institutes of health protocols [Internet].
https:// wwwl50. s t0a0t8d 2M.1Rd.08B4d Femnin/i. phut ed/ 821 7 0 7
Conl ey M, Le Fevre L, HaywoodnitC,e®RPeoggtto
restriction per week a feasible weight | os
study. Nutr Diet2. 2d0di8: FBO3UTBHLI2RYBSH7 Epub 2
9. PMID: 28791787,

Cornil Y. Mind over stomach: A review of the cognitidavers of food satiation. Journal
of the Association for Consumer Research. 2017; 2(4)2919
https://doi.org/10.1086/693111

CovidB8Betéer systematic review management |

May 20]. Available ¢eoomrghttps://www. covid
Crovetti R, Porrini M, Santangelo A, Testo
on satiety. Eur J CBindbdutrl101208808s)] ; 86pRCT
9683329.

Csige 1|, Ujv8rosy D, Szab:- omodiRiISindhel j mp
obesity on the cardiovascular system. J Di
10.1155/2018/3407306. PMID: 30525052; PMCI
Dai H, Al salhe TA, Chalghaf N, Ricc, M, Br
di s easbeutaatbtlre t o high body mass i nr2CkIx7:i n 109
An analysis of the GI| obal Burd en of Diseas
28;17(7):e1003198 doi : 10. 1371/ journal . pm
PMC7386577.


https://www150.statcan.gc.ca/n1/pub/82-003-x/2012003/article/11707-eng.htm

Davis CS,, oaurlktee rRES N, Rounsefell KN, Wal k e

Ryan L. Il ntermittent energy restriction an
Nutr. 2016 Mardadi0(3202P238/ ejcn. 2015.195. I
26603882

De Castro JM. Té Control of Eating Behavior in Frégving Humans. In: Stricker EM,

Woods SC, editors. Neurobiology of Food and Fluid Intake [Internet]. Boston, MA:

Springer US; 2004 [cited 2023 Jan 28]. p. /&®. (Handbook of Behavioral

Neurobiology). Available fromhttps://doi.org/10.1007/306-486431 16

De Gavelle E, Davi denko O, Fouill et H, De l
decl ared attitudes and beliefs regarding p
degree of t rmaenasti tdioente tioMA ppreaowt e. 2019 Nov
De Graaf C, Bl om WA, Smeets PA, Stafleu A,
satiety. Am J Clin6Nutdoi 2000. 3208378 6nh! 99
151592283.

De Graaf C, De Jontga liSl, i tLya mbfefr esc tAL . s &Ptail at i
Physi ol Behav. -819 9d9% iJ:u nl-96368(@41) 6: B338010F3M\8I 5D :
10386914.

De Graaf C, Hul shof TteMmsefsfteatt®e dfA,diJfafse
protein, fats,n asmdicecadaryboMymdrlJatCds8no Mwtir. 19
10. 1093/ ajcn/55.1.33. PMID: 1728818.

De Graaf C Texture aedsopalyi axposurehei mel
2012 Nov 55AD7(d9i:49B0. 1016/ j.physhbhe.h. 2012.
PMI D: 22609070.

De Silva A, Bl oom SR. Gut hormones -And app
as therapeutic targets in2@bedoity. Gut Liv
10.5009/gnl . 2012.6.1.10.

Del Corral P, Bryan DR, G®dieewnrWTadGewemckB
weight | oss predicts weight regai-©il. Odbeis:i t
10. 1038/ 0by. 2010. 298 Epub 2010 Dec 16. PM

Desroches S, Lapointe A, Deschénes SM, Bissoniteeux V, Grael K, Thirsk J,

Légaré F. Dietitians' perspectives on interventions to enhance adherence to dietary advice
for chronic diseases in adults. Can J Diet Pract Res. 2015 Sep;76{@)d®a3
10.3148/cjdpr2015009. Epub 2015 May 21. PMID: 26280789; PMCID: @A896814.

Dietary reference intakes: The essential g
Washington, D. C. : Nati onal Academi es Press
http:// www. nap. edu/ catal og/ 11537

17¢


http://www.nap.edu/catalog/11537

Dogan S, Ray A, Cleary MP. The influence o
serumndriaammat ory cytokiilndeyveddi pokifreenmal &n d
short toemrgmteaemrndn Idi et effects®82.Matoa : Gene. 20
10.1016/j) . mgene. 2016.12.013 Epub 2017 Jan
PMC5375115.

Dombrowski SU, KnititSloark,s AvermalilehbdttAr &%)

mai ntenance of -wmgpgbal | ossewvéht hons in ob
review -andl meea of randomised controlled t
doi: 10.1136/bmj.g2646. PMID: 25134100; PM

Dong JY, Zhang ZL, Wang PY, Qin LQ. Effects of higiotein dets on body weight,
glycaemic control, blood lipids and blood pressure in type 2 diabetesamadigsis of
randomised controlled trials. Br J Nutr. 2013 Sep 14;110(5)97 8ibi:
10.1017/S0007114513002055. Epub 2013 Jul 5. PMID: 23829939.

Dori gheRovoandG,JC, Luhman CJ, Paim BA, Rapos

Food restriction by intermittent fasting i
spontaneous atherosclerosis development in
Mar 28; 8@ (6¥yobB7 10.1017/S0007114513003383
24176004.

Dougkas A, ¥stman E. Comparable effects of
on appetite and subsequent energy intake i
Apr ; 57(-13)08.09%0®.i 107N 8SHR23E4pub 2017 Feb 27
28243787.

Dougl as SIMR, LUaesildeyy HJ. Consuming beef vs. s
appetite, satiety, and food intak-6.idoheal
10.3945/jn.114.206987. Epub 2015 Mar 25. P

Drapeau V, King N, Héterington M, Doucet E, Blundell J, Tremblay A. Appetite
sensations and satiety quotient: predictors of energy intake and weight loss. Appetite.
2007 Mar;48(2):15%6. doi: 10.1016/j.appet.2006.08.002. Epub 2006 Oct 12. PMID:
17045700.

Drozdz D, AlvarezPitti J, Wojcik M, Borghi C, Gabbianelli R, Mazur A, Herckga v r a k
V,LopezVal car cel BG, Brzezi GBski M, Lurbe E, W
risk factors: from childhood to adulthood. Nutrients. 2021 Nov 22;13(11):4176. doi:
10.3390/nu13114176. PMI34836431; PMCID: PMC8624977.

Drummen M, Tis-€Chmanhi LB, GAtRIlmadt eWgastMrtRire
protein and ener gy bal ammocrebiidni trieelsa.t iFornontto E
(Lausanne). 2018 Aug 6;9:343PMWHDi : 30023388
PMCI D: PMC6087750.

17¢



Ehealth. Introduction [Internet]. World Health Organizatidtegional Office for the
Eastern Mediterranean. [cited 2023 Jan 18]. Available from:
http://www.emro.who.int/healttopics/ehealth/introduction.html

Ei BKaédlyas A. Determination of protein qual.i"
vitro prot @&icnordriegcetsetdi baintiintoy aci d score (PDC
[ I nternet] . 19P.6 Maai Ilg BI5Sq 3f)rr mM:1

http:// www. sciencediiir’e€30&8d46cs50hrklImrtic
Engl er tWels,t pBhaasly A, Bi scMplflferSCK. Klomhp a&mntb eo fg
during weight | osfsr eoen nparsess,e rrveasttiionng oefn efragty
physical function in over weied tc gnotsrtaorelneod at
Obes Facts. -227002.1 ;d104i(:3)1:02.5191 59/ 000514427. Ep
33975325; PMCID: PMC8255642.

Erdmann J, Lei bl M, Wagenpfeil S, Lippl F,
and carbohydrateoome@ail stakherahadatgbncemwolf | e
Regul Pept. 200023 ddi 151035016/ ) .regpep. 20C¢
27. PMID: 16644032,

Erdmann J, Lippl F, Schusdziarra V. Di ffer
ghrel sni hemah. Regul P8pt-102006B: NbO®. 1616486
0115 ( 032.0 OP1IMISD 14599721.

Erdmann J, T°psch R, Lippl F, Gussmann P,

pl asma ghrelin |l evels to varploaussma eisns ureian,
glucose. J Clin Endocr i-ndo.l dveit:abl-02DHDHUO /Jjum.
PMI D: 15181097.

Erdmann K, Cheung BW, Schr %ddeerri vH.d Tbhi eo apcotsi sv
peptides in reducing $de JiNktonfBicaclle mv a2z
Oct; 19(5140.) :d604i3: 10.1016/j.jnutbio.2007.11.0
18495464.

Erl aaAkkbar t ssdmrc hC.f ofbadt pal atability and appe
Mont mayeur JP, |l e Coutre J,r eediatndr sP.osRatl ny
Effects [Internet]. Boca Raton (FL): CRC P
13] . (Frontiers in Neuroscience). Avail abl
http://www. ncbi.nlBm52/h. gov/ books/ NBK5

Estruch R, Martinetonzalez MA, Corella D, SalgBalvado J, Ruitutiérrez V, Covas
MI, Fiol M, GomezGracia E, LopeSabater MC, Vinyoles E, Aros F, Conde M, Lahoz
C, Lapetra J, Saez G, Ros E; PREDIMED Study dtigators. Effects of a
Mediterraneasstyle diet on cardiovascular risk factors: a randomized trial. Ann Intern
Med. 2006 Jul 4;145(1):11. doi: 10.7326/0003813145-1-20060704600004. Erratum
in: Ann Intern Med. 2018 Aug 21;169(4):2201. PMID: 1681892.

18C


http://www.ncbi.nlm.nih.gov/books/NBK53552/

Evangelista LS, Jose MM, Sallam H, Serag H, Golovko G, Khanipov K, Hamilton MA,
FonarowGC. Highprotein vs. standardrotein diets in overweight and obese patients
with heart failure and diabetes mellitus: findings of the REART trial. ESC Heart Fail.
2021 Apr;8(2):13420348. doi: 10.1002/ehf2.13213. Epub 2021 Jan 27. PMID:
33502122; PM@D: PMC8006643.

Farnsworth E, Luscombe ND, Noakes M, Wittert G, Argyiou E, Clifton PM. Effect of a
high-protein, energyrestricted diet on body composition, glycemic control, and lipid
concentrations in overweight and obese hyperinsulinemic men and waAmehClin

Nutr. 2003 Jul;78(1):3®. doi: 10.1093/ajcn/78.1.31. PMID: 12816768.

Feingold KR. Obesity and dyslipidemia. 2023 Jun 19. In: Feingold KR, Anawalt B,
Blackman MR, Boyce A, Chrousos G, Corpas E, de Herder WW, Dhatariya K, Dungan
K, Hofland J, K&a S, Kaltsas G, Kapoor N, Koch C, Kopp P, Korbonits M, Kovacs CS,
Kuohung W, Laferrere B, Levy M, McGee EA, McLachlan R, New M, Purnell J, Sahay
R, Shah AS, Singer F, Sperling MA, Stratakis CA, Trence DL, Wilson DP, editors.
Endotext [Internet]. South DEanouth (MA): MDText.com, Inc.; 2000 PMID:

26247088.

Feller S, Boeing H, Pischon T. Body mass index, waist circumference, and the risk of
type 2 diabetes mellitus: implications for routine clinical practice. Dtsch Arztebl Int. 2010
Jul;107(26):4766. dot 10.3238/arztebl.2010.0470. Epub 2010 Jul 2. PMID: 20644701,
PMCID: PMC2905837.

Fer nSRhaduedza |l e-&gDj | ¥or-8egAndi do Hern8§ndez A,

L-p@izntr - n JR. Effects of high plant protei
satietivt,e apmdatr ol and subsequent food intak
[Internet]. 2018 Jun 29 [cited 2023 May 20
http:// www. scirp.org/journal/ Paperlnfor mat
Ferriday D, BoswomMNt h Mdlk t i naiN, S MaGd d inn AA, R
Brunstrom JM. Effects of eating rate on sa
Behav. 2015 De®661; d6R(PLOBLO3388S] . physbeh. 2
Jul 16. PMID: 26143189; PMCID PMC4664113

Flint AJ, Rxrode KM, Hu FB, Glynn RJ, Caspard H, Manson JE, Willett WC, Rimm
EB. Body mass index, waist circumference, and risk of coronary heart disease: a
prospective study among men and women. Obes Res Clin Pract. 2010 Jul;4{3):e171
el181. doi: 10.1016/j.0rcp.2001.001. PMID: 21116472; PMCID: PMC2992336.

FluWatch report: November 13 to November 19, 2022 (week 46) [Internet]. 2022 [cited
2023 Jan 29]. Available from: https://www.canada.ca/en/public
health/services/publications/diseasesditions/fluwatch/2022023week46-november
13-novemberl9-2022.html

Ford ES, Williamson DF, Liu S. Weight change and diabetes incidence: findings from a

national cohort of US adults. Am J Epidemiol. 1997 Aug 1;146(3)Z2L4loi:
10.1093/oxfordjournals.aje.a009256. PMID: 9247005.

181



Forde CG-RoAIlgmiEroBrunstrom JM. Expected Sat
management and understanding energy select
Mar ; 4(-40.. 18di : 10160®DZ/ PMID79 26627096; PMC
PMC4881812.

Forde Cé&r-Melamutri ng satiation and satiety.

Met hods in Consumer Research, Volume 2 [ 1In
2023 May i8&8]. (pWoddhHead Publishing Series ir
Nutritiaml)e fAvam:l

https:// www. sciencedirect.com/sciencel/ art:.

Fos$emubert KE, Overduin J, Prudom CE, Liu
MO, Cummings DE. Acyl and total ghrelin ar
weaklby | ipids, and biphasically by carboh
May; 93(-%) :d4d608ir1 1022A89.0/BpuR 00D0F08 Jan 15. P
PMCI D: PMC2386677.

Frank K. Difficulties accessing health care in Canada during the CQ9Ipandenic:
Comparing individuals with and without chronic conditions. Health Rep. 2022 Nov
16;33(11):1626. doi: 10.25318/8P03x202201100002ng. PMID: 36441615.

G*Power [Internet]. [cited 2021 Nov 5]. Available from:
https://stats.idre.ucla.edu/other/gpower/

Gameil MA, Marzouk RE, Elsebaie AH, Rozaik SE. Leegn clinical and biochemical
residue after COVIEL9 recovery. Egypt Liver J. 2021;11(1):74. doi: 10.1186/s43066
021-001441. Epub 2021 Sep 12. PMID: 34777873; @Nd: PMC8435147.

Gar-Etares CL, Mart2nez Mor enoSaAGy,adoerl tAR,N
Sol ano Santos LV. Saciaci-n vs saciedad: r
and satiety in the regul ation 5(f9)e:nlelr7gy i n
1178. Spani sh. 988i720107.000®D/1d10@34 PMI D: 294

Georg Jensen M, Kristensen M, Astrup A. Effect of alginate supplementation on weight
loss in obese subjects completing anRenergyrestricted diet: a randomized controlled
trial. Am J Clin Nutr. 2012 Jul;96(1):53. doi: 10.3945/ajcn.111.025312. Epub 2012

May 30. PMID: 22648709.

Ghazzawi HA, Mu s t-parf at 6i.n Ed f eact fdaad/t hmpedlt i dre
hor mones: Pepti de ¥YIY,i nmgladcualgtosnE x| @ Ikfiein nptNeepr t ni edt
Dec 1 [cited 2®23 Mayaidla]lb;l 28 :fIloim:

https:// www. sciencedirect.com/ sciencel/ art.

Gibson AA, Sainsbury A. Strategies to improve adherence to dietary weight loss
interventions in research andkevorld settings. Behav Sci (Basel). 2017 Jul 11;7(3):44.
doi: 10.3390/bs7030044. PMID: 28696389; PMCID: PMC5618052.

182



Gi bson MJ, Dawson JA, Wijayatunga NN, l ron
DB, Dhurandhar EJov r rtanridalmiez@ ddectreaf S ct of
carbohydrate preload on energy balance 1in

9;18(1):69 d Dil-®4 g . 1PIMBI6D:s 1321973076 31 1; P MCI D:
Gilbert JA, Bendsen NT, TrembfagmAdi ASer emp:
on body composition. Nutr Metab-3Cardioovasc
10.1016/j.numecd. 2010.12.008. Epub 2011 Ma
Gil more J. Body mass index and -A8a6EnhY); Hea
3#7(Fre). English, French. PMID: 11965822.
Giroux N. The -tkeertmm wdieghtanldodsngl s it a saf
2022 Jul 13] ht Apai I aslwwe i higomr i es tkeedronal . co
di-2nldobh @ wmi § b-b-5-&s a-bpt i on

Gl ick D, Barth S, Macl eod KF. Autophagy: ¢
2010 May1221db):2310.1002/ path.2697. PMI D:

PMC2990190.

Gordon SA, Fredman L, Orwig DL, Alley DE. Comparison of methods to measure height
in older adults. J Am Geriatr Soc. 2013 Dec;61(12):22246. doi: 10.1111/jgs.12572.
PMID: 24329832; PMCID: PMC4512179.

Government of Canada SC. COVII restrictions index update [Internet]. 2022 [cited
2023 Jan 29]. Available from: https://www150.statcarcgnl/pub/3628-
0001/2022008/article/00082ng.htm

Government of Canada SC. Overweight and ob
2023 Jun 20] .hpsv.di/lwanwbmMles Of. rsa ma:t6c2ebn . gc . ca/ n1/
x/ 2019001/ &mii. lten/ 00005

Graj ower MM, Horne BD. Clinical management
di abetes mellitus. Nutrien@/snu2ZDAOOADP3I. 1BMI
31003482; PMCID: PMC6521152.

Hal | KD, Chen KY, Guo J, Lam YY, Lei bel RL
M, Smith SR, Walsh BT, Ravussin E. Ener gy
after an isocaloricakdtobpesieecmédnet AmMnJocCer
Aug; 10432) :82i4: 10.3945/ajcn. 116.133561. E;j
PMCI D: PMC4962163.

Hal | KD, Kahan S. Mai nt-teearamcmamdge msnt wef g
Med Clin North AMB9Z01l&oJan;10020nNn)6:/j . mcna.
29156185; PMCI D: PMC5764193.

Hal |l schmid M, Hi ggs S, Thienel M, ott V, L
intranasal insulin intensifies satiety and

18¢


http://www.inquiriesjournal.com/articles/1807/the-keto-diet-and-long-term-weight-loss-is-it-a-safe-option
http://www.inquiriesjournal.com/articles/1807/the-keto-diet-and-long-term-weight-loss-is-it-a-safe-option
https://www150.statcan.gc.ca/n1/pub/82-625-x/2019001/article/00005-eng.htm
https://www150.statcan.gc.ca/n1/pub/82-625-x/2019001/article/00005-eng.htm

Di abet20s12 Ap9%., 6ddi14d) :: FBRPB.37EpmbH 12012 Feb 1
22344561; PMCI D: PMC3314365.

Hal ton TL, Hu FB. The effects of high prot
| oss a critical review.-8350Adch Col | Nutr. 2
10.1080/07315724.2004.10719381. PMID 1546
Hal ton TL, Liu S, -dMamlsohdyiderEg tsddw reB.anldow i sk
di abetes in women Am J4€1l i doNutda0O. 2008/ &E
PMI D: 18258623; PMCID: PMC2760285.

Hanj ani NA, Vafa M. Protein restriction, e
approaches f ears sporce vaetretdi ndg saegaes e s . I nt J Pre
10.4103/ijpvm. 1 JPVM_397_16. PMID: 300506609
Hansen T8dn @&YWdeAstrup A, Blundell J, Sje°odi.
for body weight management in the context

review -andl meta from clinical trials asses.
exposurg eonhaatiagg and/ or hunger reducing

Jul ; 20997 .. 98BI : 10.21111/o0obr.12854. Epub 20:

Hart MJ, Torres SJ, McNaughton SA, Milte CM. Dietary patterns and associations with
biomarkers of inflammation in adulta systematic review of observational studies. Nutr
J. 2021 Mar 12;20(1):24. doi: 10.1186/s12921-006749. PMID: 33712009; PMCID:
PMC7955619.

Harvie M, Howel | A. Potenti al benefits and
i nt er mi t tmomtg sfta otbhiersge,a over wei g-hAt nandahowvma
review of human and ani mal evidence. Behav
10. 3390/ bs7010004. PMI D: 28106818; PMCI D:

Harvie M, Wright C, Pegingtol, McMullan D, Mitchell E, Martin B, Cutler RG, Evans
G, Whiteside S, Maudsley S, Camandola S, Wang R, Carlson OD, Egan JM, Mattson
MP, Howell A. The effect of intermittent energy and carbohydrate restriction v. daily
energy restriction on weight loss amettabolic disease risk markers in overweight
women. Br J Nutr. 2013 Oct;110(8):153%. doi: 10.1017/S0007114513000792. Epub
2013 Apr 16. PMID: 23591120; PMCID: PMC5857384.

Harvie MN, Pegington M, Mattson MP, Frystyk J, Dillon B, Evans G, Cuzick J, J&pb S
Martin B, Cutler RG, Son TG, Maudsley S, Carlson OD, Egan JM, Flyvbjerg A, Howell
A. The effects of intermittent or continuous energy restriction on weight loss and
metabolic disease risk markers: a randomized trial in young overweight women. Int J
Obes(Lond). 2011 May;35(5):7127. doi: 10.1038/ij0.2010.171. Epub 2010 Oct 5.
PMID: 20921964; PMCID: PMC3017674.

Hasegawa Y, Nakagami T, Oya J, Takahashi K, Isago C, Kurita M, Tanaka Y, Ito A,

Kasahara T, Uchigata Y. Body weight reduction of 5% improveddopwessure and lipid
profiles in obese men and blood glucose in obese women:-gdaufollowup

184



observational study. Metab Syndr Relat Disord. 2019 Jun;17(52280doi:
10.1089/met.2018.0115. Epub 2019 Mar 6. PMID: 30839239.

Haws KL, Liu PJ, McFerraB, Chandon P. Examining eating: bridging the gap between
Ailab eatishgviagdedtieg. 06 J Assoc Consum Re
2023 Jan 17];7(4):403.8. Available from:
https://www.journals.uchicago.edu/doi/10.1086/720448

Headl and ML,
restrictio

P M, Keogh JB. | mpact
t @t dhadpil d oewt adboObes
2 ) . 0B@BIB38/Ep4aDb3R®20 Ja
PMI D933%20

Helsel P. [Internet]. Sept. 23, 2022 [cited 2038 29]. More than 500,000 without
power as Fiona batters Canada with heavy rain, strong winds. Available from:
https://www.nbcnews.com/news/world/canditacesextremeeventstormfiona-leaves
pathdestructioarcna49256.

Hill AJ, Blund#&bhCtrdBut Bl entdel
proteif aagrbohiyglhrate meal on su
Nutr Behav. (US). 11986 Jan,; 1

Hill JO, Wyatt HR, Peters JC.2ED
3; 126 (-312).: 1d206i : 10. 1161/ CI RCULAT
PMCI D: PMC3401553.

Hochst-wwvabheh A, -PWastemtgar pMS, Vel dhor st M /
Singtetein casein and gelatin dutetsubsfeat
bal ance and appetite differentl y92i.n daodul t
10.3945/jn.109.110403. Epub 2009 Oct 28. P

Hoffmann V, Lanz M, Mackert J, Muller T, Tschép M, Meissner K. Effects of placebo
interventions on subgtive and objective markers of appeateandomized controlled
trial. Front Psychiatry. 2018 Dec 18;9:706. doi: 10.3389/fpsyt.2018.00706. PMID:
30618877; PMCID: PMC6305288.

Holdcroft A. Gender bias in research: how does it affect evidence based nmdiéine
Soc Med. 2007 Jan;100(1)3 doi: 10.1177/014107680710000102. PMID: 17197669;
PMCID: PMC1761670.

n of CVD:

p o] di et
4; PMCI D: PMC2914

Hooper L. Pri mary revent.i
1;2007: 02109. PMI D: 1945036

18t



albre-t?ocerfp)aodag' uofs alt amagt
l1doiNovl A-DAZAAZ/ Blulp @l
3

o "I
(@JiNel
=~ s
o1~ o
A<

Q -

e of B MI (o

mphreys S. The unethi i n
j gp10X515548.

cal
a2ct1. 0 Sep; &@Q( ®08): 60D6 3399/
D: PMC2930234.

TTUI
@)
T wn

NN —
oo - c
- =
w o
~ 0

Imrhan SN, Imrhan V, Hart C. Can sel$timates of body weight and height be used in
place of measurements for college students? Ergonomics [Internet]. 1996 Dec 1 [cited
2023 Jan 15];39(12):14453. Available from:
https://doi.orgl10.1080/00140139608964563

Inaishi J, Saisho Y. Beteell mass in obesity and type 2 diabetes, and its relation to
pancreas fat: a misreview. Nutrients. 2020 Dec 16;12(12):3846. doi:
10.3390/nu12123846. PMID: 33339276; PMCID: PMC7766247.

Intensive blooehglucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with type 2 diabetes
(UKPDS 33). UK Prospective Diabetes Study (UKPDS) Group. Lancet. 1998 Sep
12;352(9131):8353. Erratum in: Lancet999 Aug 14;354(9178):602. PMID: 9742976.

source of pr
J Nutr Hea
HF

Jahan Mi han A. The of

i on.
bnbmne-bsombi N
h-lol o

ro
wei ght and body compo
Jul 12];6(6). Avamebab
pr od eierg u loaftoi-oodnt-a & teb e dwe
compositionnbsp. ht ml

a kMinhan A, Luhovyy BL, E I Khoury D, Ander s
erminants of met dabmlsi o fand ep hgyassitaloa quitce s
rients. 261013 .May;i3(5)0:.83B00/ nu3d3050574. E
54112; PMCID: PMC3257691.

[
4
Jakubowicz D, Wainstein J,DawpadaV¥, ZFr édnnr &n
energy br eakhfeystprimased aordwmwces body wei ght
HbAd n Type 2 diabetes. J-7Nudoi Biochem. 201
10.1016/j .jnutbio.2017.07.005. Epub 2017 J
Janssen M, BMs chMa@Gm R°dMgérves of consumer
and their attitudes towards ani-tnhdl dgricul
10. 1016/ j . appet. 2016.06.039 Epub 2016 Jul

Jenkins DJ, Srichai kul ykKam VBon gViJdM,e nKeEn d allaln
Rao AV, Jones PJ, Josse RG, Jackson CJ, Ng

18¢



barl ey protein and casein similarly affect
and men. J Nutr.-720H0@i Sed 023BB#USH.) j OB ER 020110
2 8 PMI D: 20668250.

J®quier E. Carbohydrates as a source of en

Suppl )6:8682 S

Johnston CS, Tjonn SL, Swan PD. Higiotein, lowfat diets are effective for weight
loss and favorably alter biomaren healthy adults. J Nutr. 2004 Mar;134(3):886
doi: 10.1093/jn/134.3.586. PMID: 14988451.

Julian J. Blood collection appointments move online after phone calls swamp system. Sep
14, 2020 [cited 2023 Jan 29]. Available fronttps://www.cbc.ca/news/canada/neva
scotia/bloodcollectionclinic-phonecovid-19-1.5723215

Kal oyi anni M, Fr eedlvaenrdalR Aa miCioon tarciibdust iaonnd ol
gluconeogenesis in hepatocytes isolated fr
Jan; 12e@(21) :dolié 10.1093/jn/120.1.116. PMI D:

Kat sarou AL, Kat silambros NL, Kolilakis CC
and cardiometabolic risk: a critical appra
2021 Apr 22;9(5):495. doi: 10.3390/ healthec
PMC8143449.

Keenan S, Cooke MB, Chen WS, Wut Sf,asBteilnsgkian
continuous energy restriction with exercis
compliance, and perceived hunger and mood:
controlled trial. Nutrients. 202 2v1JDu | 26 ;1
35893925; PMCID: PMC9370806.

Kehl et U, Kofod J, Hol stA. JAddRiti pnCof Aaygly
fiber to pork meatballs enhances subjectiywv
glycemic or hor monal responses: a randomi z
Sep; 147-9p817d0i: 10. Epabd/ 201¥Y1Aupng5033PMID
28794212.

Kianersi S, Luetke M, Ludema C, Valenzuela A, Rosenberg M. Use of research
electronic data capture (REDCap) in a COMID randomized controlled trial: a practical
example. BMC Med Res Methodol. 2021 Aug 21;21(1):175. dbit186/s1287021-
013622. PMID: 34418958; PMCID: PMC8380110.

Kikunaga S, Tin T, Ishibashi G, Wang DH, Kira S. The application of a handheld
personal digital assistant with camera and mobile phone card (Wellnavi) to the general
population in a dietary suey. J Nutr Sci Vitaminol (Tokyo). 2007 Apr;53(2):108.

doi: 10.3177/jnsv.53.109. PMID: 17615997.

Kitahara CM, Flint AJ, Berrington de Gonzalez A, Bernstein L, Brotzman M, Maclnnis

RJ, Moore SC, Robien K, Rosenberg PS, Singh PN, Weiderpass E, Ada®ntod,
Culver H, BallardBarbash R, Buring JE, Freedman DM, Fraser GE, Beane Freeman LE,

187


https://www.cbc.ca/news/canada/nova-scotia/blood-collection-clinic-phone-covid-19-1.5723215
https://www.cbc.ca/news/canada/nova-scotia/blood-collection-clinic-phone-covid-19-1.5723215

Gapstur SM, Gaziano JM, Giles GG, Hakansson N, Hoppin JA, Hu FB, Koenig K, Linet
MS, Park Y, Patel AV, Purdue MP, Schairer C, Sesso HD, Visvanathan K, White E,
Wolk A, ZeleniuchJacquotte A, Hartge P. Association between class Il obesity (BMI of
40-59 kg/m2) and mortality: a pooled analysis of 20 prospective studies. PLoS Med.
2014 Jul 8;11(7):e1001673. doi: 10.1371/journal.pmed.1001673. PMID: 25003901;
PMCID: PMC4087089.

Klem ML, Wing RR, McGuire MT, Seagle HM, Hill JO. A descriptive study of
individuals successful at loigrm maintenance of substantial weight loss. Am J Clin
Nutr. 1997 Aug;66(2):2396. doi: 10.1093/ajcn/66.2.239. PMID: 9250100.

Kl ement ovaL M, Halhuzimke M, Pavl ovicova R, Hi | |
H. A -bPdsaendt me al increases gastrointestinal
ene-raqiy}d mac rmantudhre ke nmeatcesmeald in T2D, obese,
men: a@rtolhurpee amdemiveed sarudy . Nutrients. 201

10.3390/ nul1010157. PMI D: 30642053, PMCI D:

Kluge HHP. Statemerit Science, surveillance, responsibility: the essentials to addressing
the ongoing COVIB19 challenge [Internet]. WHO, Europkan 10, 2023. [cited 2023

Jan 19]. Available fromhttps://www.who.int/europe/new#m/1001-2023 statement-
science-surveillance-responsibility-the-essentialto-addressinghe-ongoingcovid-19-
challenge

KoY, Choi S, Won J, Lee YK, Kim DH, Lee SK. Differences in accuracy of height,
weight, and bdy mass index between seffported and measured using the 2018 Korea
Community Health Survey data. Epidemiol Health. 2022;44:€2022024. doi:
10.4178/epih.e2022024. Epub 2022 Feb 19. PMID: 35209710; PMCID: PMC9117107.

Kol iaki C, KokkiKatssiAll amenot®| durTlse Nef fect
macronutrients on postprandial ghrelin res
dat a. I nt J Pept. 2010;2010:710852. doi : 1
20798765; PMCI D: PMC2925100.

Kol ot kMent eRrL ,K, Wi Il I i ams GR. Quality of [|ife
Nov; 2(-29 . 2d®i : 10894045001 .1406&40. x. PMID: 12

Kominiarek MA, Rajan P. Nutrition recommendations in pregnancy and lactation. Med
Clin North Am. 2016 Nov;100(6):1199215. doi: 10.1016/j.mcna.2016.06.004. PMID:
27745590; PMCID: PMC5104202.

Konttinen H. Emoti onal eating and obe | ty
genes. Proc Nutr £08c9... 2dDd2i.01 ALQ/, SO®QB96 B2 O0(
2020 Mar 26. PMID: 32213213.

Kristensen MD, Bendsen NT, Christensen SM,
vegetable protein sources (beans and peas)
protein sowprae&ay r@nadalmoared meabstest study.
2016 Oct 19;60:32634. doi: 10.3402/fnr.ve6o
PMC5073301

18¢


https://www.who.int/europe/news/item/10-01-2023-statement---science--surveillance--responsibility--the-essentials-to-addressing-the-ongoing-covid-19-challenge
https://www.who.int/europe/news/item/10-01-2023-statement---science--surveillance--responsibility--the-essentials-to-addressing-the-ongoing-covid-19-challenge
https://www.who.int/europe/news/item/10-01-2023-statement---science--surveillance--responsibility--the-essentials-to-addressing-the-ongoing-covid-19-challenge

Kroeger CM, Klempel MC, Bhutani S, Trepanowski JF, Tangney CC, Varady KA.
Improvement in coronary heart dase risk factors during an intermittent fasting/calorie
restriction regimen: Relationship to adipokine modulations. Nutr Metab (Lond). 2012 Oct
31;9(1):98. doi: 10.1186/17480759-98. PMID: 23113919; PMCID: PMC3514278.

Krukowski RA, Ross KM. Measuring wght with electronic scales in clinical and

research settings during the coronavirus disease 2019 pandemic. Obesity (Silver Spring).
2020 Jul;28(7):1182.183. doi: 10.1002/0by.22851. Epub 2020 Jun 10. PMID:

32339394; PMCID: PMC7267353.

Kubacka J, CembrowskP, Sypniewska G, Stefanska A. The association between
brancheechain amino acids (BCAAs) and cardiometabolic risk factors in miagés
Caucasian women stratified according to glycemic status. Nutrients. 2021 Sep
22;13(10):3307. doi: 10.3390/nu131033PMID: 34684308; PMCID: PMC8538048.

Kusminski CM, Bickel PE, Scherer PE. Targeting adipose tissue in the treatment of
obesityassociated diabetes. Nat Rev Drug Discov. 2016 Sep;15(%633)oi:
10.1038/nrd.2016.75. Epub 2016 Jun 3. PMID: 27256476.

Kubfi cka K, Racho@® D. Bad eating habits as t
Pediatr Endocrinol Didloet M|l et 2B57Z2893;, 19

Kyrou 1|, Randeva HS, Tsigos C, Kaltsas G,

obesity. 120:18Fdiamgdlld KR, Anawalt B, Bl ackr
Corpas E, de Herder WW, Dhatariya K, Dunga
Kapoor N, Koch C, Kopp P, Korbonits M, Kov
M, Mc Gee EA, Mc Lamklldn JR, SMeéevayM,R,PWwBrhah AS,
MA, Stratakis CA, Trence DL, Wil son DP, ed
( MA) : MDText .icom®MIIDnc 2592620 7 .

Laboratory test reference ranges | Nova Scotia Health Authority [Interrietl PO23
Jul 10]. Available from: https://www.cdha.nshealth.ca/pathclagppratory
medicine/laboratoryestreferenceranges

Laeger T, Reed SD, Henagan TM, Fernandez D
H, Martin RJ, Hut son SMp ™MberbsannCDo &epp
intake but does not functi n as a physiolo
Physi ol Regul Il ntegr Comp-2Physgsliool . 2014 Au
10.1152/ ajpregu.00116.2014. Epub 2014 Jun
PMC486531.

Lang V, Bellisle F, Oppert JGIarCd aP.l e$atCi at
effect of proteins in healthy subjects: a
protein, pea protein, and wheat-2QHlutdni : Am
10. 1093/ ajcn/ 67.6.21197. PMID: 9625093

18¢



Larson R, Nel son C, Korczak R, Wi llis H, E

wel | tolerated while increasing satiety an

healthy human sulbjFeh s14 ;Nux(rd)enals8. 2d0ai : 1C
Law L, Kelly JT, Savill H, Wallen MP, Hickman 1J, Erku D, Mayr HL. Gost

effectiveness of telehealttelivered diet and exercise interventions: A systematic review.

J Telemed Telecare. 2022 Feb 2:1357633X21107.G¥1

10.1177/1357633X211070721. Epub ahead of print. PMID: 35108135.

Layman DK, Boil eau RA, Erickson DJ, Painte
reduced ratio of dietary carbohydrate to p
i pi d prionfgi lwees gt [ oss in adul t-7womemn. J N
10.1093/jn/133.2.411. PMID: 12566476.

Lee Y, Kang D, Lee SA. Effect of dietary patterns on seruradctive protein level.
Nutr Metab Cardiovasc Dis. 2014 Sep;24(9):1004 doi:
10.1016f.numecd.2014.05.001. Epub 2014 May 27. PMID: 24998076. .

Leidy HJ, Carnel]l NS, Mattes RD, Campbell
mass and satiety-owietslke weridg lotb els@®s svoime npr é©b e
Spring). 2009. Fédbi;1512)1@828/ oby. 2007.531. |

Leidy HJ, Clifton MM, Astrup A, Wycherley TP, WestertefRlantenga MS, Luscombe
Marsh ND, Woods SC, Mattes RD. The role of protein in weight loss and maintenance.
Am J Clin Nutr. 2015 Jun;101(6):1324829S. doi: 10.3945/ajcn.114.084038. Epub
2015 Apr 29. PMID: 25926512.

Lgdiy HJ, Mattes RD, Campbell WW. Effects of
met abolism, appetite, and ghrelin during w
May; 15(-8%: 1@d45: 10.1038/ o0oby.2007.143. PMI D

I

0
Leidy HJ, OrtinawHoleC,t eDo HAl. a BehMgriactiailn ef f
breakfast on the appetitive, hormonal, and
regul ation i n overfswaipgh ta/gdool eedser,e @"tb rge arkl fsa s tA
Nutr . 2013 -A®.r:; DB/O(.43)9:4657/7aj cn. 112. 053116. Ep
23446906; PMCI D: PMC3718776.

Lejeune MP, Westerter-MaK&h NDaRWastiteeinugeac p m
MS . Ghrelinl akhkd péptiadeni csanderntyr,atainan s,ne
substrkadlei snmat chupri mtgeian hdight and measured in
Am J Clin Nutr:=942006iJan;083((019)3:/&8&9 cn/ 83. 1. 8

Lemstra M, Bird Y, Nwankwo C, Rogers M, Moraros J. Weight loss intervention
adherence and factors pmoting adherence: a meaaalysis. Patient Prefer Adherence.
2016 Aug 12;10:154%9. doi: 10.2147/PPA.S103649. PMID: 27574404; PMCID:
PMC4990387.

19C



Li J Armstrong CL, Campbell WW. Effects o
weight | osseorrgpypexipteemeittabbroe i camcespamdies .
2016 Jan 26;8(2):63. doi: 10.3390/nu802006

Li SS, Blanco Mejia S, Lytvyn L, Stewart SE, Viguiliouk E, Ha V, de Souza RJ, Leiter
LA, Kendall CWC, Jenkins DJA, Sievenpiper JL. Effect of plamtein on blood lipids:

a systematic review and medaalysis of randomized controlled trials. J Am Heart Assoc.
2017 Dec 20;6(12):e006659. doi: 10.1161/JAHA.117.006659. PMID: 29263032;
PMCID: PMC5779002.

Li Zlhao M , Raza A , Guo J , He T , Zou T |,
perception on satiation/satiety28d7redioew.
10.1039/c9fo0o02519g. Epub 2020 Mar 20. PMID
Li Z, RasmussenzOMLguilni a,, Keundrsiegnued R, Madse
Quant E, Kl einert M, Jemisgm d&r bPreydmat g ed i
potent, but transient, metabolid2ilmpdoveme
10.1016/j. mol met. 20 1283..0 8°P.MIOD8. 3Epludb3 728051, 8 PAVIC
PMC6197680.

Lifesum Health App get healthy & lose weightLifesum [Internet]. [cited 2022 Jan
31]. Available from: https://lifesum.com/

Lim EL, Hollingsworth KG, Aribisala BS, Chen MJ, Mathers JC, Taylor R. Reversal of
type 2diabetes: normalisation of beta cell function in association with decreased pancreas
and liver triacylglycerol. Diabetologia. 2011 Oct;54(10):28@6 doi: 10.1007/s00125
011-22047. Epub 2011 Jun 9. PMID: 21656330; PMCID: PMC3168743.

Lim JJ, LjuBa&rnéeut LW, Sequeira IR, Poppitt
promote satiety and weight | os sweienkdelpoew den
energy diet (LED) intervention. Nutrients
2] ;,14(3):58htAvpasil/ dwlwev. ncbi . nIl m. ni h. gov/p

Lindeman A, Huang M, Dawkins E. Using the visual analog scale (VAS) to measure
perceived hungeand satiety at various mealtimes and environments. Journal of the
Academy of Nutrition and Dietetics [Internet]. 2016 Sep 1 [cited 2022 Jul
12];116(9):A99. Available from: https://www.jandonline.org/article/S2212
2672(16)3076& /fulltext

Lomeni ckyudR,0 NAESI, Mi tchell SL, Summar ML, A
high in carbohydrate, protein, and fat on
children. J Clin Endocri-hl.l dveit:abl-0 .21020190 /Njoc
0949. Epubh 2PMID:0cdt9820013; PMCID: PMC27756
Long SJ, Jeffcoat AR, Mil-pbwatdi BJi nEAkecbn
and satiety. Appe88tedoi200D0 AL@OBHSdApe . 7B0 0 (
10896764.

191


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8838013/

Longo M, Zatterale F, Naderi J, PaoiL, Formisano P, Raciti GA, Beguinot F, Miele C.
Adipose tissue dysfunction as determinant of obessociated metabolic
complications.. Int J Mol Sci. 2019 May 13;20(9):2358. doi: 10.3390/ijms20092358.
PMID: 31085992; PMCID: PMC6539070.

LonnieiM ILauwmyers M, Horgan G, Russel |l WR,
promoting attributes of plant proteins as
systematic review of human interventional
doi : nQ.12PBR/29 1. PMI D: 32751677 ; PMCI D: PN

Lopez MJ, Mohiuddin SS. Biochemistry, essential amino acids. 2023 Mar 13. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2023P)4iD:
32496725.

L
p -
16

Low YQ ast RasiTdeimosatiodti on a
2014 S 30.3390/ nu6093431. PMI D:
PMC417

cy Kw
D6 34

K,
(8D

@UDQJ

e
9
Lucassen DA, Willemsen RF, Geelen A, Browigolsma EM, Feskens EJM. The

accuracy of portion size estimation using foodges and textual descriptions of portion

sizes: an evaluation study. J Hum Nutr Diet. 2021 Dec;34(6)0925doi:
10.1111/jhn.12878. Epub 2021 Mar 24. PMID: 33761165; PMCID: PMC9291996.

Lytvyak E, Straube S, Mo d i R,alLferomK2005 etn
2018: a c onsseecctuita nveektb apsoepdusisat tuidoynn CMAJ Open.
24; 10(E¥4B43@90i: 10.9778/ cmajo.20210205. P
PMC9259440.

Ma J, Steve&ns MhaH,doQu KAiFer Wi shart JM, Jones
M, Rayner CK. Effects of a protein preload
hor mones after a ecaornbtorhoyldreadt et ynpeea |2 idni adbieette
2009 Sep;-32(®923BBWH2P9 Epub 2009 Jun 18. P
PMCI D: PMC2732158.

Magkos F, Fraterrigo G, Yoshino J, Luecking C, Kirbach K, Kelly SC, de Las Fuentes L,
He S, Okunade AL, Patterson BW, Klein S. Effects of moderate and subsequent
progressive weight lossn metabolic function and adipose tissue biology in humans with
obesity. Cell Metab. 2016 Apr 12;23(4):5801. doi: 10.1016/j.cmet.2016.02.005. Epub
2016 Feb 22. PMID: 26916363; PMCID: PMC4833627.

Mah E Li ska DJ, Goltz @ndChwisoY.at®hde fe fbfee s
e

and nergy intake: A comprehensive review
2023 Jan 1;180:106340. doi : 10. 1016/ ). appe
Mah® S, Roos N, Benamouzig R, aBdawvion el,unlade
kinetics and thel dcgegtobul o §da8dNtadaseeian i
of the nature and quantity of the protein.
2023 May 215]2;.6 3A(vda)i:l15a4dd e fr om:

https:// wwwts cioeanmcsaediemce/ article/piil/lS0002

192



Mal ni ck SDH, Knobler H. The medical compl i
[ I nternet]. 2006 Sep id9 [ cAvaid 20122 Jmud m:2] ;
httpsopfthdaD. 1093/ gj med/ hcl 085

Man i B K, Zi gman JM. Ghrelin as a survival
Dec; 28 (83249 .: 8i8Bi : 10.1016/20.1t7e n0c2t0 1370..1 OP. MI ODL: .
29097101, PMCI D: PMC5777178.

Mar-Bened? -@al #®oerza S, Bmma eAM,IR LeRME quai z
Cenarro A, GCGall e@qofFRotMEAitgleenhei gyed di et s |
greater improvement ioh ghuadseokomeasst asmps
st angraoctdei n donestest idni aebaertliyc adul ts with ove
Nutr. 2020 Ma3y6;33.9 (d5o)i::1 31504. 1016/j.clnu.2019.
PMI D: 31255349

Marston NA, Giugliano RP, Im K, SilvermaMG, O'Donoghue ML, Wiviott SD,

Ference BA, Sabatine MS. Association between triglyceride lowering and reduction of
cardiovascular risk across multiple ligimwvering therapeutic classes: a systematic
review and metaegression analysis of randomized eohed trials. Circulation. 2019

Oct 15;140(16):1308.317. doi: 10.1161/CIRCULATIONAHA.119.041998. Epub 2019
Sep 18. PMID: 31530008; PMCID: PMC6791781.

Martens EA, Go+#Crhiesddn MWK, J@atRdaamds ehlg,a WESs t
Mai nt enanceex poefn deinteyprgeyt en nb avish o hhyidgrhat e di et s
constant body weight may prevent a positiyv
Oct; 34-T5):868B: 10.1016/j.clnu.2014.10.007

Martin CK, Han H, Coulon SM, AlleklR, Champagne CM, Anton SD. A novel method
to remotely measure food intake of fileeng individuals in real time: the remote food
photography method. Br J Nutr. 2009 Feb;101(3):886doi:
10.1017/S0007114508027438. Epub 2008 Jul 11. PMID: 1861683Z|PM
PMC2626133.

MateoGallego R, MarceBenedi V, Perefalahorra S, Bea AM, BaHRueda L,
LamiquizMoneo |, de Castr®ros I, Cenarro A, Civeira F. Energgstricted, high
protein diets more effectively impact cardiometabolic profile in overweight agskob
women than loweprotein diets. Clin Nutr. 2017 Apr;36(2):38r9. doi:
10.1016/j.cInu.2016.01.018. Epub 2016 Jan 29. PMID: 26875447.

Mc Dougal | J. Pl ant foods have a complete a
25;105(25) : e9AP;7.awdtohar 1M0edlly61/ 01. cir. 0000
12082008.

McMillan-Price J, Petocz P, Atkinson F, O'neill K, Samman S, Steinbeck K, Caterson I,
BrandMiller J. Comparison of 4 diets of varying glycemic load on weight loss and
cardiovascular risk redtion in overweight and obese young adults: a randomized
controlled trial. Arch Intern Med. 2006 Jul 24;166(14):1-4%6 doi:
10.1001/archinte.166.14.1466. PMID: 16864756.

19¢


https://doi.org/10.1093/qjmed/hcl085

Megnien JL, Denarie N, Cocaul M, Simon A, Levenson J. Predictive value ofteaist
hip ratio on cardiovascular risk events. Int J Obes Relat Metab Disord. 1999
Jan;23(1):967. doi: 10.1038/sj.ij0.0800764. PMID: 10094583.

Mela DJ. Eating for pleasure or just wanting to eat? Reconsidering sensory hedonic
responses as a driver of obesitypp&tite. 2006 Jul;47(1):10. doi:
10.1016/j.appet.2006.02.006. Epub 2006 May 2. PMID: 16647788.

Mellinkoff SM, Frankland M, Boyle D, Greipel M. Relationship between serum amino
acid concentration and fluctuations in appetite. 1956. Obes Res. 1997)R85# doi:
10.1002/j.15568528.1997.tb00568.x. PMID: 9285848.

Mel son CE, Nepocatych S, Madzima TA. The e
on appetite response, energy metabolism, a
May; 614872@o01016/j .nut. 2018.11.007. Epub 2

Mettler S, Mi t chell N, Tipton KD. Il ncrease
during weight | oss i n athletes37 MedloiSci Sp
10. 1249/ MSS. 0 B@13€3M1®1bAO®927027.

Mi kkel sen PB, Toubror Sdudesd rdiipetAerd@gy f24t o
expenditure compari sons between ani mal pr
Am J Clin Nutr -20D.0 0d Niov ; T@.(BQ 9 R/1&Bj5cn/ 72. 5.

11063440.

Miyatake N, Matsumoto S, Fujii M, Numata Reducing waist circumference by at least
3 cm is recommended for improving metabolic syndrome in obese Japanese men.
Diabetes Res Clin Pract. 2008 Feb;79(2):59toi: 10.1016/j.diabres.2007.08.018. Epub
2007 Oct 23. PMID: 17913277.

Mi zus hi noap hNegyAutprocess and function. Genes
73. doi: 10.1101/gad. 1599207. PMID: 180066

Montonen J, Boeing H, Fritsche A, Schleicher E, Joost HG, Schulze MB, Steffen A,
Pischon T.Consumption of red meat and whaeain bread in fation to biomarkers of
obesity, inflammation, glucose metabolism and oxidative stress. Eur J Nutr. 2013
Feb;52(1):33745. doi: 10.1007/s0039d12-0340:6. Epub 2012 Mar 18. PMID:
22426755; PMCID: PMC3549403.

Moon J, Koh G. Clinical evidence and mechanisinsigh-protein dietinduced weight
loss. J Obes Metab Syndr. 2020 Sep 30;29(3)11&6 doi: 10.7570/jomes20028. PMID:
32699189; PMCID: PMC7539343.

Moore CJ, Cunningham SA. Social position,
systemati c ruetwri eDw.etJ AcOaiz2?6 M pdro;il.12(4) : 518
10.1016/j.jand. 20211.12.001. PMID: 22709702

194



Moran LJ,-Mausbkbohmbgeg Noakes M, Wittert GA, K
satiating effect of dietary protein is unr
E ndroicn ol Metab. 2005 8ep; 90Q9PA2AEPCDL2RODS
12. PMI D: 16014402.

Moran TH, Dailey MJ. Intestinal feedback signaling and satiety. Physiol Behav. 2011
Nov 30;105(1):7#81. doi: 10.1016/j.physbeh.2011.02.005. Epub 2011 FeBNITD:
21315751; PMCID: PMC3143258.

Mor el | P, Fiszman S. -iRedvucsed isnagt itahtei oo | an d
Hydrocol | [ I nternet]. 2010271 0J.ulAvlai[lcaibtleed f2r0o
https:// www. sciencedlrect.com/science/arti
Moro J, Tom® D, Schmid#&bynPchBPedDer slagt T@Gj n
systematic review oncane teafbfoelcitssm iann dh upnhayns i aon
speci es. Nutrients 2020 May 14; 12(5):1414
32423010; PMCID: PMC7284872.

M¢l I er MestBPBbay A. Adaptive thermogenesi s
Obesity (Sil velr; SIp@E228)n:g2dlo8i 2018® . HA002/ oby. 200
23404923.

MufiozHernandez L, Marquelzépez Z, Mehta R, AguilaBalinas CA. Intermittent

fasting as part of the management for t2dm: from animal models to human clinical

studies. Curr Diab Rep. 2020 Mar 12;201{8. doi: 10.1007/s1189220-12952. PMID:

32166554.

Musich S, MaclLeod S, Bhattar ai GR, Wang SS
i mpact of obesity on health care utilizat:i
popul ation. GekRbmhbolDlalelPalr2®3M887214156220
10. 1177/ 2333721415622004. PMID: 28138482;
Mutsaerts MA, Kuchenbecker WK, Mol BW, Land JA, Hoek A. Dropout is a problem in

lifestyle intervention programs for overweight and obese infertile womeyrstansatic

review. Hum Reprod. 2013 Apr;28(4):988. doi: 10.1093/humrep/det026. Epub 2013

Feb 20. PMID: 23427235.

Myers MG, Cowley MA, M¢nzberg H. Mechani sm
Annu Rev Physi®l.: dD00&1%46/ 8BAurev. physi ol

PMI D: 17937601.

Myles PS, Myles DB, Galagher W, Boyd D, Chew C, MacDonald N, Dennis A.
Measuring acute postoperative pain using the visual analog scale: the minimal clinically
important difference and patientcaptable symptom state. Br J Anaesth. 2017 Mar
1;118(3):424429. doi: 10.1093/bja/aew466. PMID: 28186223.

N.S.healthc ar e system at O6ébreaking pointé as hut

Globalnews.ca [Internet]. Global News. [cited 2023 Jan 29]. Availaiom:
https://globalnews.ca/news/8496110hexalthcaresystemhundredsoff-work/

19t


https://www.sciencedirect.com/science/article/pii/S0268005X1630340X

Naaman R, Parrett A, Bashawri D, Campo |, Fleming K, Nichols B, Burleigh E, Murtagh
J, Reid J, Gerasimidis K. Assessment of dietary intake using food photography and vide
recording in frediving young adults: a comparative study. J Acad Nutr Diet. 2021
Apr;121(4):749761.el. doi: 10.1016/j.jand.2020.09.040. Epub 2020 Nov 10. PMID:
33187931; PMCID: PMC7975321.

NCD Risk Factor Collaboration (NGRisC). Trends in adult bodynass index in 200
countries from 1975 to 2014: a pooled analysis of 1698 populaéised measurement
studies with 19-2 million participants. Lancet. 2016 Apr 2;387(10026):1398. doi:
10.1016/S014®736(16)30054X. Erratum in: lancet. 2016 May 14;387(10032):1998.
PMID: 27115820.

Neacsu M, Fyfe C, Horgan G, Johnstone AM.
with veget ar i-lmans € dpahd)tgda md dmesats f or wei ght
randomi zed créds€bverNutrral 26&Mm dapg; 100( 2) :
10. 3945/ ajcn.113.077503 Epub 2014 Jun 18.

Nehring SM, Goyal A, Patel BC. C reactive protein. 2022 Jul 18. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2028.JaNID: 28722873. 3/

Nichols SD, Crichlow H. An evaluation of the diagnostic utility of anthropometric and
body composition cubff values in assessing elevated fasting blood sugar and blood
pressure. West Indian Med J. 2010 Jun;59(3}253MID: 21291102.

Ni eINS e sen LV, Kristensen MD, KIl'i ngenberg

A. Protein from meat or vege table sources
effects on subjective apgpertdarndcomienedd ea owntse
meal test study. Nutrients. 2018 Jan 16; 10 (

29337861; PMCI D: PMC5793324.

Nutrium | All-in-one Nutrition Software: Nutrition Analysis & CRM [Internet]. [cited
2021 Nov 17]. Available from: https://nutrium.com/en

Nyholm M, Gullberg B, Merlo J, LundqvisgPersson C, Rastam L, Lindblad U. The
validity of obesity based on setported weight and height: Implications for population
studies. Obesity (Silver Spring). 2007 Jan;15(1):208. doi: 10.1038/0by.2007.536.
PMID: 17228@8.

Obesity [Internet]. [ chttemgls 2028wwW-uWwh &.]i. ntANI
topics/ obesity

Obesity and overweight [ | nbtleer nffertom: [ci t ed
https:// wwwt wbimisih®eett s é 9 eatnaivie/r oviee gihtt y

Oqgilvie AR, Schlussel Y, Sukumar D, Meng L, ShapSas Higher protein intake during
caloric restriction improves diet quality and attenuates loss of lean body mass. Obesity
(Silver Spring). 2022 Jul;30(7):1441419. doi: 10.1002/0by.23428. Epub 2022 May 11.
PMID: 35538903; PMCID: PMC9256776..

19¢


https://www.who.int/health-topics/obesity
https://www.who.int/health-topics/obesity
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

Okubo aki Sas Hi stidine intake may negati vel
human: secdriosnsal study in Japanese female s
Vitaminol (Tokyo0)3.4.20®5 :0clt0;. BU(T75) :j Xz . 51. 3

Olafsdottir AS,H6rnell A, Hedelin M, Waling M, Gunnarsdottir I, Olsson C.
Development and validation of a photographic method to use for dietary assessment in
school settings. PLoS One. 2016 Oct 6;11(10):e0163970. doi:
10.1371/journal.pone.0163970. PMID: 27711120; PM@GBDIC5053534.

Ol iveira CLP, Boul ® NG, MShda&hma hAN, Blelrigo tAt,
CM. Aphioglkein total diet replacement increa

gative fat bal-weicghﬁnad\elaisshyAmnﬂ)r@]Iailn N |
2; 1134287 .4 7d60 i : 10. 1093/ aj cnn nNjuatar2.8 32 0 EI r FRae
2; 1134289 .48mBMI D: 33247306; PMCID: PMC78518?2

Ortega RM, PéreRodrigo C, Lope&Sobaler AM. Dietary assessment methods: dietary
records. Nutr Hosp. 2015 Feb 26;31 Suppl B438

Ortinau LC, Hoert el HA, ®foupirogb ebSMfakei thy
snacks on appetite control, satiety, and e
Sep 29;13:97. 28071 0PM1I®6/ 26256206; PMCI D

Pace N, Reporter CNA, Contact F|. Staffing shortageguel N.S. healthare system as
COVID-19 pandemic lingers on [Internet]. Atlantic. 2022 [cited 2023 Jan 29]. Available
from: https://atlantic.ctvnews.ca/staffisfportagegplaguen-s-healthcaresystemas
covid-19-pandemielingerson-1.5734357

Paddommbe,s West man E, Mattes RD, -RModrtee RRag M.

Protein, weight management, and sdti6dtSy. A
doi: 10.1093/ajcn/87.5.1558S. PMID: 184692
Page MJ, McKenzie JE, Bo3S€uyMuPMpwBE&Dt r en
PRI SMA 2020 statement: an updated guidelin
[ I nternet]. 2021 Mar 29 [cited 2023 May 9]
https:// www. bmj.com/ content/ 372/ bmj.n71
Panksepp J, Boot h aDA.erDe o1 eeaadca dol sfse endtioragnih e o
hypot hal amus. Nature:2.13d%1 :0ct0. ;0833 2x33133#)1
4940431

Paoli A, Bosco G, Camporesi EM, Mangar D.
control a compl ex Ir.el2dtli5o rFethi 2.; 6Fr2ant dPsy
10. 3389/ fpsyg.2015.00027. PMID: 25698989,
Par ker B, Noakes M, Lusco-mbet BFnCIl hfgbn P.
monounsaturated fat weight | oss diet on gl
di abedlest edDi Car e. 23000.2 dvmair:; 2150 .323 #A7R2/5di acar e
11874925.



Pasiakos SM, Cao JJ, Margolis LM, Sauter E
Carbone JW, Combs GF JproYeumg-dAée shiofmed @ms
muscoeepn synthesis foll owing weight | oss:
2013 Sep;27.(99do0i383-FB802096/ Epub32013 Jun 5.

Pasiakos SM, Lieberman HR, Fulgafii 3rd. Higherprotein diets are associated with
higher HDL cholesterol and lower BMI and waist circumference in US adults. J Nutr.
2015 Mar;145(3):608.4. doi: 10.3945/jn.114.205203. Epub 2015 Jan 21. PMID:
25733478.

Patil A. Influenza cases continuertse in Nova Scotia 2022 [cited 2023 Jan 29].
Available from:https://www.cbc.ca/news/canada/nes@tia/novascotiainfluenza
reportdec8-20221.6679013

Patterson RE, Sears DD. Met abolic effects
Aug 21:3373:..3Mdloi : lu-av®bEABRBYr e Epub 2017 Ju
PMI D: 28715993.

Peeke PM, GreenwaZyhaFnlg, DBi IFHugsi o&kka K. Effect
on body weight and fasting glucose in par
controlled, virtual clinical trial. -Nutr
02001@9 PBBBD46635; PMCID: PMC7809455.173.

t
D

Pedaeon V-LoPer 2 Seoane LM. mTOR pathway i s

homeostasis regul dtriaom axia.pamtt df Mohe Sgu
10;21(16):5715. doi: 10.3390/ i) mk2608&153.15.
Penhoat A, MudrerleibEgg MymiRiol | ot B, Stefanutt.i
Protiemiduced satiety is abolished in the abs
Behav. 2011 N®¥%. 3€09i105102)1@8D6/ ) .20yEbMaur 20
21. PMID: 21402089.

Pereira MA, Swain J, Goldfine AB, Rifai N, Ludwig DS. Effects of a-ghycemic load
diet on resting energy expenditure and heart disease risk factors during weight loss.
JAMA. 2004 Nov 24;292(20):24820. doi: 10.1001/jama.2920.2482. PMID:
15562127.

Pesta DH, Sanpueolt eMTn. dA ehti gbghor reducing body
possi ble caveats. Nutr Metab (Lo#d)75 2014

53. PMID: 25489333; PMCID: PMC4258944.

Pet zke KJ, Kl postpPr aRedd a¢e energy expenditu
fat oxidation in young woman after ingest.i
Nutr Metab (Lond). 2008 -70cHAR 51.7 ;PPMI206:. 1d809i 2: 8 5
PMCI D: PMC2576278.

PiSun¥Xer The medi cal ri sks of obes3i3.y.dddostg
10.3810/ pgm. 2009.11.2074. PMID 19940414,


https://www.cbc.ca/news/canada/nova-scotia/nova-scotia-influenza-report-dec-8-2022-1.6679013
https://www.cbc.ca/news/canada/nova-scotia/nova-scotia-influenza-report-dec-8-2022-1.6679013

Pilgrim AL, Robinson SM, Sayer AA, Roberts HC. An overview of appetite decline in
older people. Nurs Older People. 2QLk;27(5):2935. doi: 10.7748/nop.27.5.29.e697.
PMID: 26018489; PMCID: PMC4589891.

Pi menta FB, Bertrand E, M&égralndbB€, JShiTheh
relationship between obesity and quality o
Jul 14;6:966. doi: 10.3389/fpsyg.2015.0096
Porrini M, Santangel o A, Cra&gvewWwei gRt, Rpsot
fat, and timing of preloads affec¥#¥0food in
doi 10.-90888/( 9G@).830PIMI2D: 9272665.

Potier M, Dar cel N, Tom® D. Protein, amino
Opin Qlri nMeNuab Care.-8.200®i Jan; 12(1):54
10.1097/ MCO. 0b013e32831b9e01. PMID: 190571
Pounis GD, Tyrovolas S, Antonopoul ou M, Ze
Met allinos G, Gotsis E, Lioliou E, Polychr
Logt erm pmiomali n consumption is associated v

di abetes among the elderly: the Mediterran

I

2010 Dec; 3®06 HRtoil) 1084016/ .diabet. 2010.0
Pradh@ams$gogn SL, Sun Y. Ghrelin: much more t
Clin Nutr Metab Ca24. @2®il3 NOVIAB{BEMCO®.1®bO:
PMI D: 2410067 6; PMCI D: PMC4049314.

Quatela A, CallisterWiRgk sPalt.t eTheen he ndenrdgWa cdaor
composition of meals consumed after an ove
t hermogenesi s: a -awal ¢ ma sri eagirdeesuseitcan, s .meN wat r i
Oct 25;8(11):670. doi: 10.3390/ nu®580670.

Raben A, -LAgeremolLm FIl int A, Hol st JJ, Astru
densities but rich in protein, fat, carboh
expenditure and substrate metabolAimsm Ut nn
Nutr. 2003-10@n;daéd{(1)1011093/ajcn/ 77.1.91.
Rankin JW, Turpyn AD. Low carbohydrate, high fat diet increasesaCtive protein

during weight loss. J Am Coll Nutr. 2007 Apr;26(2):183doi:

10.1080/07315724.2007.109598. PMID: 17536128.

Ravelli MN, Schoeller DA. Traditional seteported dietary instruments are prone to
inaccuracies and new approaches are needed. Front Nutr. 2020 Jul 3;7:90. doi:
10.3389/fnut.2020.00090. PMID: 32719809; PMCID: PMC7350526.

REDCap [hternet]. [cited 2021 Nov 17]. Available from: https://www.project
redcap.org/

Redman LM, Heilbronn LK, Martin CK, de Jonge L, Williamson DA, Delany JP,
Ravussin E; Pennington CALERIE Team. Metabolic and behavioral compensations in

19¢



response to caloric regttion: implications for the maintenance of weight loss. PLoS
One. 2009;4(2):e4377. doi: 10.1371/journal.pone.0004377. Epub 2009 Feb 9. PMID:
19198647; PMCID: PMC2634841.

Ri chard DM, Dawes MA, MKa bt ascZWwWk ANch®&sagh
L-Trpyt ophan: basic metabolic functions, beh
an -6R0e.s .d 0210:0 91 OMadr1 3273/;i2 :t4r5. s 21

e h a
h 212
8021.
Tom® D, nKokntRJk,e,Mens
i nsulin r-esidbance?

g
3. Epub 2014 Jul 2. PM

Ritzel RA, Butler AE, Rizza RA, Veldhuis JD, Butler PC. Relationship betweerckedta
mass and fastiniglood glucose concentration in humans. Diabetes Care. 2006
Mar;29(3):7178. doi: 10.2337/diacare.29.03.06.deD538. PMID: 16505537.

Robinson E, Bevelander KE, Field M, Jones A. Methodological and reporting quality in
laboratory studies of human eatinghbeior. Appetite. 2018 Jun 1;125:4861. doi:
10.1016/j.appet.2018.02.008. Epub 2018 Feb 13. PMID: 29452224; PMCID:
PMC5890731.

Rolls BJ, McDermott TM. Effects of age on sensepgcific satiety. Am J Clin Nutr.
1991 Dec;54(6):9886. doi: 10.1093/ajcn/58.988. PMID: 1957832.

Rosas Fernandez M, Concha Vilca C, Batista LO, Tavares do G4D@ag Albuquerque
KT. Intermittent food restriction upregulates critical hypothalamic genes involved in
energy regulation imbalance. Nutrition. 2023 Jun;110:112006. doi:
10.1016/j.nut.2023.112006. Epub 2023 Feb 23. PMID: 36972638.

Rosen H. |l easbesrity bheddasgi or

a ormality?
Med. 2 0Apr ;Malr2)(®28.: 1Ml D: 303235

bn

13; PMCID: P
Ross R, Neeland 1J, Yamashita S, Shai I, Seidell J, Magni P, Santos RD, Arsenault B,

Cuevas A, Hu FB, Griffin BA, Zambon A, Ber P, Fruchart JC, Eckel RH, Matsuzawa

Y, Després JP. Waist circumference as a vital sign in clinical practice: a Consensus

Statement from the IAS and ICCR Working Group on Visceral Obesity. Nat Rev

Endocrinol. 2020 Mar;16(3):17¥89. doi: 10.1038/s4157219-0310-7. Epub 2020 Feb

4. PMID: 32020062; PMCID: PMC7027970.

Rutherfurd SM, Moughan PJ. Available versus digestible dietary amino acids. Br J Nutr.
2012 Aug;108 Suppl 2:S29805. doi: 10.1017/S0007114512002528. PMID: 23107541.

Ryan DH, Yochkteyl oSsRs. awed gi mpr ovement i n co0mc

10 %, 15 %, and over. Cur-t190ObedoiRepl012Z/IDAC07 A
0262 PMID: 28455679; PMCID: PMC5497590.

20C



Sall eh SN, Fairus AAH, Zhaalairly AMN. WBrhraswkealrl i
effects of soluble dietary fibre suppl emen
healthy adults: evidenceanfarloyns issy setfe nraatni dco ni
controlled trials Foodkf 0o0Q@Q@®@48071@atl%, 8P M) D
30621363; PMCID: PMC6352252.

SalmenkallieMarttila M, Gunnarsdottir I. Satiety, weight management and foods:
literature review. Nordic Innovation Centre[internet] January2009 [cited 2023 Feb 6].
Available from: https://www.semanticsdao.org/paper/Satiety%2@eight
managemenrandfoods%3A-literature SalmenkallieMarttila-
Gunnarsdottir/8536879a75f0afbf8f377a67f28e69446537e9e3

Santesso N, Akl EA, Bianchi M, Mente A, Mustafa R, He&tsdell D, Schinemann HJ.
Effects of higherversus lever-protein diets on health outcomes: a systematic review and
metaanalysis. Eur J Clin Nutr. 2012 Jul;66(7):780doi: 10.1038/ejcn.2012.37. Epub
2012 Apr 18. PMID: 22510792; PMCID: PMC3392894.

Schlundt DG, Hi 1l o3 @) eSBre Shalré, offPolfe a k f a ¢
treatment of obesity: a randomized-x1.inica
doi: 10.1093/ajcn/55.3.645. PMID: 1550038.

Schwingshackl L, Za@hringer
VeroneslmN¢c k &r C, Meer pohl

Nitschke K,

J,
JJ. | mpact of i

ant hropometric outcomes and intermediate d
and obesity: systannmaaltyisce sr.e vGreiww aRhedv nfeotoad Sc
2021;6108p41n2088i0:80/10408398.2020.1757616.

32363896

Sei mon RV, Shi YC, Sl ack K, Lee K, Fernand
Enriquez RF, Lau J, Herzog H, Sainsbury A.
i mproves wei ghnt dlllmdtscetﬂfmlcesaacmla:e PLoS O
19;11(1):e0145157 doi : 10.1371/journal po
PMC4718562

Seino Y, Fukushima ¥, Ydhdkre tWo GhRrandnGhBTr
and differenceg. J0D0 adDepa&z32ddivest0o. 1111/ |
1124.2010.00022.x. PMID: 24843404; PMCI D:

Selvin E, Paynter NP, Erlinger TP. The effect of weight loss-oeaCtive protein: a
systematic review. Arch Intern Med. 2007 Jan 8;167(19.3doi:
10.1001/archinte.167.1.31. PMID: 17210875.

Shan Z, Wang F, Li Y, Baden MY, Bhupathira
Ri mm EB, Qi L, Tabung FK, Gi ovannucci EL,

Heal thy eating patt ersmpse agaafrdtcaliistky .ofJ AMA all nt
2023 Feb 11,5138.3(d20)i::14120. 1001/ j amainter nmed. 2

201



Shannon HH, Joseph R, Puro N, Darrell E. Use of technology in the management of
obesity: a literature review. Perspect Health Inf Manag. 2019 Oct 1;16(Fall):10: PM
31908626; PMCID: PMC6931046.

Shivappa N, Hébert JR, Rietzschel ER, De Buyzere ML, Langlois M, Debruyne E,
Marcos A, Huybrechts I. Associations between dietary inflammatory index and
inflammatory markers in the Asklepios Study. Br J Nutr. 2015 Feb 3@1166571.
doi: 10.1017/S000711451400395X. Epub 2015 Feb 2. PMID: 25639781; PMCID:
PMC4355619.

Shughrue PJ, Lane MV,-l MeEec-heptebdpetRorl ( GGPQ
MRNA in the rat hypothal amus. -6E2n.d odcorii:nol og
10. 1210/ endo. 137.11.8895391.

Skeie G, Mode N, Henningsen M, Borch KB. Validity of selported body mass index
among middleaged participants in the Norwegian Women and Cancer study. Clin
Epidemiol. 2015 Jul 2;7:3133. doi: 10.2147/CLEP.S83839. PMID: Z&r18; PMCID:
PMC4493970.

Skov AR, Toubro S, RBnn B, Holm L, Astrup
carbohydrate in ad |libitum fat reduced die
Met ab Disord. 1I3®.9 dvaiy:; 2BQ.5303Ms D: i 1 063080¢

Smeets AJ, Soevaens hS,ND,usUced nafprddarnt e Wgast M8t eE
expenditure, satiety,-l iabhel pé @mtsimde ghrednad, p
tyrosine concentrationpgroftel Ihowlunigrc.ha 2 G0 & K
Apr; 1387(02.: 6]OBi : 10.1093/jn/138.4.698. PMIL
Soenen S, Mar t e nWa eElAe n HA,c hisa nemebiBdc B G e n\WYas t ¢
MS. Nor mal protein intake is required for

el evatednprotake for additional preservat.i.

free mass. J Nut r6.. 200013 Mady.;3194435(/5)n:.519112 . 167
27. PMID: 23446962.

Sol-binet SM, Cogger VC, Pulpitel rTanecWaehdl D,

chain amino acids i mpact health and | ifesp
appetite control. Nat Metab [Inti4%5net]. 20
Avail able from: https: /-0 #@®WE2hat ure. com/ art

Stanek ATk®8cpYknK, Zolghadri S, Chol ewka A
intermittent energy restriction diet on metabolic profile and weight loss among obese

adults. Nutrients. 2022 Apr 5;14(7):1509. doi: 10.3390/nu14071509. PMID: 35406122
PMCID: PMC9002823.

St egler Donnelly JE, Hul | HR, Li X, Hu J, S
energy restriction result in similar weigh
composition changes in a 6 month randomi ze

20z



Apr ; 11(2): l1d/ cob. 12430. Epub 2020 D
PMC

el
PMCI D: 93
Sterne JAC,

S , Page MJ, El bers RG,
HY, Corbett M

S

0

vi l J
Eldridge SM, Emberson JR,
KJlrkham JJ, Lasserson T, Li T

Jungueig¢gma PR,

Shepperd S, hrier 1, Stewart LA, Tilling
a revised tool for assessing risk of bias
28;366:14898.) .do4i8:981L0 .PIMI3DG:/ b3mM 462531.

Steven S, Taylor R. Restoring normoglycaemia by use of a very low calorie diet4in long
and shorduration Type 2 diabetes. Diabet Med. 2015 Sep;32(9):b5490i:
10.1111/dme.12722. Epub 2015 Feb 26. PMID: 25683066.

Stratton IM, Adler Al, Neil HA, Matthews DR, Manley SE, Cull CA, Hadden D, Turner
RC, Holman RR. Association of glycaemia with macrovascular and microvascular
complications of type 2 diabetes (UKPDS 35): prospective observational study. BMJ.
2000 Aug 12;32(7258):40512. doi: 10.1136/bmj.321.7258.405. PMID: 10938048;
PMCID: PMC27454.

Stubbs RJ, O'"Reilly LM, Johnstone AM, Har r
Mazl an N. Description and evalwuation of an
sel elce ti wenemr dti gHora,r bhoihgyghd r i ta¢ & owad dlsi gm human:
Nutr . 199921and®8¢1)1:013 038/ sj.ejcn. 1600672

1999 Mar ;53(3):247. PMI D: 10048795.

Tahara Y, Shima K. Kinetics of HbAlc, glycated albopand fructosamine and analysis
of their weight functions against preceding plasma glucose level. Diabetes Care. 1995
Apr;18(4):4407. doi: 10.2337/diacare.18.4.440. PMID: 7497851.

Tan SY, Batterham M, Tapsell LroEmremgy exp
oxidation rates appear | ower in meals cont
of protein. Obest.Faotis. 1200 1101;53(/ 20)0:0121006 1 .
PMI D: 204849142, PMCI D: PMC6452156.

El Khour gl Da ®beVdr Oat Aamas IISA, |
us f ot &dolwo Imygdfi aatige sepmmdb deioghh me g h
n Nut r9 . Medtoaib:. 1200.0161; 5590/ (030)0: 0296106 8 4
508254.

Tannous dit
ghrelin stat
i n mal es. An
2 3. PMI D: 16

Tappy L. Theorondi ca nedf fseycmip aotfheft i ¢ nervous sys
o]

Reprod Nutr Dev. d6Db6; 36(4pP5304nd: 19960405
Te Morenga LA, Levers MT, Wi lliams SM, Br o
protein and -hbgh #Hi beswwbhgbinsk factors fo
syndr ome: a randomized trial. N-gsel®eya. 2011

20¢



Tessitore L, Chiara M, Sesca E, Premoselli F, Binasco V, Dianzani MU. Fasting during
promotion, but not during initiation, enhascthe growth of methylnitrosourgaduced
mammary tumours. Carcinogenesis. 1997 Aug;18(8):-Bd7%loi:
10.1093/carcin/18.8.1679. PMID: 9276649.

Tettamanzi F, Bagnardi V, Louca P, Nogal A, Monti GS, Mambrini SP, Lucchetti E,
Maestrini S, Mazza S, Rodrigelateos A, Scacchi M, Valdes AM, Invitti C, Menni C.
A high protein diet is more effective in improving insulin resistance and glycemic
variability compared to a mediterranean dietrossover controlled inpatient dietary
study. Nutrients. 2021 Dec 7;13):4380. doi: 10.3390/nul13124380. PMID: 34959931,
PMCID: PMC8707429.

Thomas EA, Hi ggins J, Bessesen DH, Mc Nai r
habits affect response to breakfast skippi
Spring). 2071%0 Agpoi; 231@)1002/ o0oby. 21049. Epul
25755093; PMCID: PMC4380779.

Trembl ay A, Bellisle F. Nutrients, satiety
Nutr Metab. 2095 :0di0; 4¢BEDAHPBIML Epub 2015 M
PMI D: 26394262.

Tuckson RV, Edmunds M, Hodgkins ML. Telehealth. N Engl J Med [Internet]. 2017 Oct
19 [cited 2023 Jan 18];377(16):158R. Available from:
https://doi.org/10.1056/NEJMsr1503323

Tuomilehto J, Linds6m J, Eriksson JG, Valle TT, Haméalainen H, llairagikka P,
KeindnenKiukaanniemi S, Laakso M, Louheranta A, Rastas M, Salminen V, Uusitupa
M; Finnish Diabetes Prevention Study Group. Prevention of type 2 diabetes mellitus by
changes in lifestyle amorsybjects with impaired glucose tolerance. N Engl J Med. 2001
May 3;344(18):13430. doi: 10.1056/NEJM200105033441801. PMID: 11333990.

Van Woudenbergh GJ, Kuijsten A, Tigcheler B, Sijbrands EJ, van Rooij FJ, Hofman A,
Witteman JC, Feskens EJ. Meat consuarpéind its association with-@active protein

and incident type 2 diabetes: the Rotterdam Study. Diabetes Care. 2012 Jul;35(7):1499
505. doi: 10.2337/dct1899. Epub 2012 May 17. PMID: 22596177; PMCID:
PMC3379589.

Vandewater K, -fMiockeibds Zpr bdghberpgercaddtier ssadn
Physi ol Behav. -8396dMiar ;-BG8BQJ D G2y.0 @AMI 3D :
870096 3.

Varady KA. Intermittent versus daily calor
effective for wei2@Phtl JabdPA200ads eBODB. 1111/ |
789X.2011.00873.x. Epub 2011 Mar 17 PMI D
Vasim |, Maj eed CN, DeBoer MD. Il ntermi tten
2022 Jan 31;14(3):631. doi 10. 3390/ nuld403
PMC8839325.

204



Vel dhorst M, Smeets AaebSeeandn HurkKkHedh Rt e Db
Lejeune M;Malrisshc dimb-&\leanteen gaipMdu Pedteathi et y
effects and mechanisms of different7.protei

doi: 10.1016/j.physbeh.2008.01.003. Epub 20
Vel dhor st MA, Ni euwenWaelzem AG,vdHmoncVWsglrin bA.
KR, Engel en MP, Brumme+ |l Rht eDgad evpSNrEdDeoNsfe s t
satiating etfieet tof calsey nr erasoy. -Physi ol

5):-825 doi : 10.1016/j).physbeh. 2009.01. 004.
Vel dhor st MA, Ni euwenWaelzem AG, WHotcdhrstt emb al
MP, Brummer RJ, DRluant NiEga WEStwhAhtlere@dpha

|l actal bumin, gelatin, or gelatin + TRP | ow
breakfast with cas&&Pn, Cséoyn, Nwhey 5500 AdwhAey ;
10.1016/j.clnu.2008.12.003. Epub 2009 Jan

VeldhorstMA, Nieuwenhuizen AG, Hochstenbadaelen A, Westerterp KR, Engelen
MP, Brummer RJ, Deutz NE, WestertdPfantenga MS. Effects of high and normal soy
protein breakfasts on satiety and subsequent energy intake, including amino acid and
'satiety’ hormone sponses. Eur J Nutr. 2009 Mar;48(2)B20. doi: 10.1007/s00394
0080767y. Epub 2009 Jan 13. PMID: 191425609.

Vel dhor st MA, Wes tRlranetrepn gkaR, MSNe sGleurct-oenrepo g e n
induced satiety. Br -6JOONutdai7 1290@0 14 5110170 (A<
Epub 2011 Jul 18. PMID: 21767449.

Verreijen AM, Engberi nk MF, Memel i nk RG, \Y;
Effect of a high protein diet and/ or resis
during weiglktit gh¢sanidnobesrewol der adults: a
Nutr J. 2017 Feb 6; 1®©0Q0Up520.PMId:: 21801.616178360/;
PMCI D: PMC5294725.

Verweij LM, Terwee CB, Proper Kl, Hulshof CT, van Mechelen W. Measurement error
of waist circumfeence: gaps in knowledge. Public Health Nutr. 2013 Feb;16(28281
doi: 10.1017/S1368980012002741. Epub 2012 May 25. PMID: 22626254; PMCID:
PMC10271771.

Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB. Elevateddactive
protein levels in overwelg and obese adults. JAMA. 1999 Dec 8;282(22):23.3doi:
10.1001/jama.282.22.2131. PMID: 10591334.

Wang J, Wang F, Chen H, Liu L, Zhang S, Luo W, Wang G, HGofnparison of the
effects of intermittent energy restriction and continuous energy restrantiong adults
with overweight or obesity: an overview of systematic reviews and-ametiyses
Nutrients. 2022 May 31;14(11):2315. doi: 10.3390/nu14112315. PMID: 35684119;
PMCID: PMC9183159.

20¢



Wang JY, Wang QW, Yang XY, Yang W, -Li DR,

receptor agonists for the treatment of obe
Endocrinol (Lausanne). 2023 Feb 1;14:10857
PMI D: 368€3IBD78PMEO99453214

Wang W, Tao YX Ghrelin receptor mutations
Sci. 201%0.14d0ail:3110. 1016/ bs. pmbts. 2016.02.(
27288828.

We i M, Brandhor st S, Shel ehchj GiroMh ez a8 | I

WJ, Guen E, Di Biase S, Cohen P, Morgan TE
A, Longo MD.miFE&sthigngli et and markers/risk f
cancer , and cardiovascul ar diseas8&00ScdoT Tr
10. 1126/ scitransl|l med. aai 8700. PMI D: 282027

We i S Han R, Zhao J, Wang S, Huang M, Wan

of a -fiamit ¢ khigng di et intervenefcelnl sdiaanbdet e s
recomstmgwe¢ microbiota in mice. Nutr Metab
10. 11860 @318 6P MI D: 30479647, PMCI D: PMCG6 2.

Wei X, Cooper A, Lee |, Cernoch CA, Huntoon G, Hodek B, Christian H, Chao AM.
Intermittent energy restriction for weight &5 systematic review of cardiometabolic,
inflammatory and appetite outcomes. Biol Res Nurs. 2022 Jul;24(32a.(doi:
10.1177/10998004221078079. Epub 2022 May 8. PMID: 35531785; PMCID:
PMC9343887.

Wei ®ISe Breen PA, Matthys CC, Callahan HS,

A hpgbtein diet induces sustained reductio
body weight despite compensatory changes i
concemtsrr.atAim J Clin N8trdoR20030Jab982@ajlyrnd8
16002798.

WesterterpPlantenga MS, Lejeune MP, Smeets AJ, Lusceiibesh ND. Sex

differences in energy homeostatis following a diet relatively high in protein exchanged
with carbohylrate, assessed in a respiration chamber in humans. Physiol Behav. 2009 Jun
22;97(34):4149. doi: 10.1016/j.physbeh.2009.03.010. Epub 2009 Mar 21. PMID:
19318111.

West eRPlt®enmtpenga MS, Lemmens SG, -iWess treolteeripn
sat ineetrygetei cs, weight | oss and heall2t.h. Br J
doi: 10.212017/S0007114512002589. PMID: 2310

West eRPlItemtpenga MS, Ni euwenhui zen A, Tom® D,
Dietary protein, weight u oRsesv, MNuntdr-4wie2 Ogoh%t; 2n®
doi: 10. 11468 @208 0&6W. PMID: 19400750.

West eRItaenmtpe
t

ga MS, Roll and V, Wil son SA, Wi
di-enduced er

n
h mogenesi s during high iproteir

20¢



er . Eur J50Z] i ndoiNut
8 2. PMI D: 10403587.

penga MS, Wouters L, ten Hoor F. [
rves, changesnidoeleodygletneemp er. a tPlhryes
90 -6De cd;0di 8 ( 6103 KDILHBHN)0ODW2MBISD: 208751 4

EC, Yancy WS, Edman JSmofdtoml i n KF,

e to a very |l ow carbohydrag.e di et

doi: 10.-262486( 6@49.02PINID: 12106620.

d JM, Mc Nei | | G, Smit-h @88erGhe e
ure during energy restriction. I
). : PMvi1 D: 8856395.

®eins ®Aman PJ, Lovejoy J, Greenway ,

o L. Effects of consuming mycopro

ry hunger and saf.etdai Appetite. 2

j . appet0O290Bed02007PMEPUb1®R364496

E
t
0

Wi | P®m ez HE, Chambers AP, Ryan KK, Li B
P®rTeizl ve D, Seeley RJ. Vertical sl eeve g
model s ofl i kleud®Paepdn de 1 rbescteepst.o r2 0dLe3t5iJauil e
doi: 10.-28x8%./ dbgdwkb 2013 Feb 22. PMID: 23

= ~W

as
n6c2
43

Witjaksono F, Jutamulia J, Annisa NG, Prasetya Sl, Nurwidya F. Comparison of low
calorie high protein and low calorie standard protein diet on wiatstmference of

adults with visceral obesity and weight cycling. BMC Res Notes. 2018 Sep 21;11(1):674.
doi: 10.1186/s1316818-3781z. PMID: 30241565; PMCID: PMC6150981.

Wolfe RR, Cifelli AM, Kostas G, Kim IY. Optimizing protein intake in adults:
Interpretation and application of the recommended dietary allowance compared with the
acceptable macronutrient distribution range. Adv Nutr. 2017 Mar 15;8(222%6doi:
10.3945/an.116.013821. PMID: 28298271; PMCID: PMC5347101.

hfraAn s GW.arBa Mg r datnigc si gnal s ¢
gon and amyl i n. Phil os Trans
£1910. 1098/ rstb.2006. 1858 P
roi nt. e Atni ma/le r sva teiwe toyf giagn alog

i ntake. Am J Physioll3Gastro
j pgi . 00448.2003. PMID: 14665

o

Worl|l dwi de growth of veganism [l ayeRO¢t] . T
Avail able from: https:// www.vegansociety.c



Wright SM, Aronne LJ. Causes of od.esddiy:. A
10. 100 70 50K 1 PMI D: 22426851.

Wu G. Ami no aci ds: meu tarbiotl ii smm, A miinnca i Aoisd s .
May; 37(71) :dloi : 100@2@9/ £@@DH2R 009 Mar 20. PN

Wycherley TP, Brinkworth GD, Clifton PM, Noakes M. Comparison of the effects of 52
weeks weight loss with either a highotein or highcarbohydate diet on body

composition and cardiometabolic risk factors in overweight and obese males. Nutr
Diabetes. 2012 Aug 13;2(8):e40. doi: 10.1038/nutd.2012.11. PMID: 23448804; PMCID:
PMC3432181.

Wycherl ey TP, Moran LJ, CliffffoemctPM;ofNoakers:
restripretdefimghlicompar e¢grwittehf mstt ddodsatrsd a me
analysis of randomized controll efa8trdai s.

10. 3945/ ajcn. 112.044321. Epub 2012 Oct 24.
Xu Rao Y, Wang PY, Chen XL, Tao D. I nter mit
energy restriction on cardiometabolic risk
metaamal ysis and systematic review. Front Nu
10. 3u&9/2f03.1090792. PMID: 37229479; PMCID

Yancy WS Jr, Ol sen MK, GuytowalRohBakat eRP
ketogenic difatt Werdug oatlrewmt obesity and h
controlled trial. Ann | nt{/&gr n dMded. UBOUMBB 2Md
1402004060@@06. PMID: 15148063.

Yau YH, Potenza MN. Stress and eating beha
Sep; 3863): PMbD: 24126546; PMCID: PMC421460
Yeung AY, Tadi P. Physiology, Obesity neur
2023 J:anSt3atRenarl s [I nternet]. Treasure | sl
Jdn PMI D: 32310366

Yorkin M, Spaccarotella K, MartiBiggers J, Quick V, Byrdredbenner C. Accuracy
and consistency of weights provided by home bathroom scales. BMC Public.128418
Dec 17;13:1194.

Yoshi mat su H, Chiba S, Tajima D, Akehi Y,
through its conversion into neuronal hi st a
Jan; 228 (19go63 10.1177/153537020222700111.

Y uS, Meng S, Xiang M, Ma H. Phosphoenol pyru

Rol es and mechani sms beyond gluconeogenesi
10.1016/j. mol met.2021.101257. Epub 2021 Ma
PMC8190478.

Zatterale FLongo M, Naderi J, Raciti GA, Desiderio A, Miele C, Beguinot F. Chronic
adipose tissue inflammation linking obesity to insulin resistance and type 2 diabetes.

20¢



Front Physiol. 2020 Jan 29;10:1607. doi: 10.3389/fphys.2019.01607. PMID: 32063863;
PMCID: PMC7®0657.

Zhou L, Thieret R, Watzlaf V, Dealmeida D, Parmat@ telehealth privacy and
security seHassessment questionnaire for telehealth providers: development and
validation. Int J Telerehabil. 2019 Jun 12;11(4)4 doi: 10.5195/ijt.2019.6276. PMID:
31341542; PMCID: PMC6597150.

Zomer E, Gurusamy K, Leach Rrimmer C, Lobstein T, Morris S, James WP, Finer N.
Interventions that cause weight loss and the impact on cardiovascular risk factors: a
systematic review and megaalysis. Obes Rev. 2016 Oct;17(10):1Q41 doi:
10.1111/0br.12433. Epub 2016 Jun 21.IBM27324830.

20¢



Appendix
Publicationl

obesities

Article

Intermittent Energy Restriction Combined with

a High-Protein/Low-Protein Diet: Effects on Body
Weight, Satiety, and Inflammation: A Pilot Study

Nada Eid Alzhrani 1"*

check for
updates

Citation: Alzhrani, N.E.; Bryant, ].M.
Intermittent Energy Restriction
Combined with a High-Protein/
Low-Protein Diet: Effects on Body
Weight, Satiety, and Inflammation: A
Pilot Study. Obesities 2023, 3, 180-192.
https:/ /doi.org/10.3390/
obesities3020015

Academic Editor: Sara Baldassano

Received: 3 April 2023
Revised: 6 May 2023
Accepted: 16 May 2023
Published: 19 May 2023

Copyright:

© 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/ licenses /by /
4.0/).

and Jo M. Bryant ?

! Faculty of Health, Dalhousie University, Halifax, NS B3H 4R2, Canada

2 Faculty of Health and Human Performance, Dalhousie University, Halifax, NS B3H 4R2, Canada;
jo.welch.bryant@dal.ca

*  Correspondence: nd462759@dal.ca

Abstract: Intermittent energy restricted (IER) diets have become popular as a body weight manage-
ment approach. In this pilot study, we investigated if an IER diet would reduce systemic inflammation
and if maintaining an elevated protein level while on an IER diet would enhance satiety. Six healthy
women, aged 33-55 years with a BMI of 27-33 kg/m?, were randomized to first adhere to either a
low- or high-protein IER diet using whole foods for three weeks. They then returned to their regular
diets for a week, after which they adhered to the second diet for three weeks. Each test diet consisted
of three low-energy intake days followed by four isocaloric energy intake days. The diets differed
only in protein content. High-sensitivity C-reactive protein (hs-CRP), glucose, satiety, body weight,
and waist circumference were measured at the beginning and end of each dietary intervention. Most
participants showed reductions in hs-CRP levels from baseline on both IER diets but reported greater
satiety when adhering to the higher protein IER diet. Overall, the IER diets reduced body weight
and appeared to decrease inflammation in these overweight women, and the higher protein version
enhanced satiety, which may lead to greater long-term dietary adherence.

Keywords: intermittent energy restriction; obesity; dietary protein; satiety

1. Introduction

The worldwide prevalence of obesity is rising. According to the World Health Organi-
zation, approximately 1.9 billion individuals aged 18 years and older are overweight or
obese [1]. By 2025, global obesity rates will reach 18% for the male population and 21%
for the female population [2]. Evidence shows that obesity commonly generates adipose
tissue dysfunction [3,4]. The excessive accumulation of fat in adipocytes can result in a
decrease in mitochondrial metabolism, and an increase in the release of pro-inflammatory
adipokines, such as TNF-« and IL-6 [4]. Additionally, this chronic low-grade systemic
inflammation can act as an underlying risk factor for developing many chronic diseases,
including type II diabetes, cardiovascular disease, hypertension, and cancer [4]. Adipose
tissue also synthesizes and secretes certain hormones, such as leptin and adiponectin,
which play essential roles in appetite regulation [5].

Recent epidemiological studies show that dietary strategies involving intermittent
energy restriction (IER) are beneficial therapeutic interventions for the prevention or treat-
ment of inflammatory disease [6,7]. IER diets restrict energy intake from one day to a few
days a week, followed by intervals of refeeding in the remainder of the week. Various
versions of IER diets restrict energy from 75% to as low as 10% of the total energy intake
required to maintain body weight. IER diets have been demonstrated to improve metabolic
performance and cellular modifications that contribute to reversing oxidative damage and
inflammation [8,9]. These diets may also be effective at regulating blood glucose levels and
enhancing metabolic outcomes [9]. In addition, recent evidence indicates that IER diets
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can serve as an alternative to continued energy restricted (CER) diets for weight loss and
to improve health indicators like decreasing pro-inflammatory markers. For example, a
recent randomized controlled trial compared an IER strategy to a CER diet in adults aged
between 18 and 45 years with a BMI of 22.0-35.0 kg/m?. They reported similar benefits in
terms of hunger and health markers such as total cholesterol and low-density lipoprotein
cholesterol over the 12 weeks, although some indicators suggested that the IER diet may
be more beneficial [10]. A systemic review that compared the effect of IER to CER diets
on weight loss also reported that both have similar effects on weight loss [11]. Giving
further credence to the efficacy of an IER diet, a recent systematic review, which included
27 randomized controlled trials on women and men who were overweight or obese, found
that IER diets reduced both body weight and fat mass [12].

Many versions of IER diets are purported to be beneficial. Some of these alternate
the intervals of energy restriction versus normal energy intake; currently, the optimal
protocol for an IER diet is unclear. A study using an animal model has demonstrated that
three consecutive days of energy restriction were associated with greater improvements in
insulin sensitivity, inflammation, and even the regeneration of failed pancreatic cells [13].
Nevertheless, the benefits and feasibility of such diets for human subjects have not been
adequately identified and investigated. Interestingly, a recent study demonstrated that an
IER diet modified the hypothalamic expression of critical genes that are involved in lipid
metabolism, inflammation, and the regulation of the insulin and leptin pathways [14]

Non-adherence is a common issue with human dietary interventions designed for
weight loss, especially in diets that depend on restricted energy intake [15]. For instance,
a systematic review and meta-analysis involving 45 randomized controlled trials that
examined the effects of energy restriction interventions in obese individuals reported that
nearly 28% of subjects dropped out due to non-adherence to their dietary interventions [16].
Accordingly, increasing the ability to adhere to an IER diet is an important factor for its
success [15,17]. One of the critical elements for adherence may be increased satiety. Thus,
including foods that increase the satiety in energy restricted diets, such as foods with higher
protein content, may increase adherence [18].

An IER diet that increases the protein content of the diet while restricting the fat and
carbohydrate proportions will result in a higher calculated total energy intake than a diet
that decreases the intake of all three macronutrients. However, this difference in protein
intake is unlikely to profoundly impact total energy availability because protein is used
by the body sparsely as a primary source of energy [19], yet it is the macronutrient that
provides the greatest satiety [20]. Therefore, in the current study, our primary hypothesis
was that a higher protein content combined with an IER diet will facilitate adherence to
the diet because protein intake enhances satiety. Secondly, we hypothesized that an IER
diet will reduce inflammation independent of protein content. Since this is a feasibility
study, we examined the feasibility, effectiveness, and acceptability of an IER diet at low-
versus high-protein content to improve health indicators such as CRP, body weight, waist
circumference, and fasting glucose.

2. Materials and Methods
2.1. Participants

In the summer of 2018, we posted the study poster in LISTSERVs for recruiting
participants in Halifax, Nova Scotia, Canada. We recruited six women between the ages of
33 and 55 years with a body mass index of 27-33 kg/m?. Only women were included in
order to increase the homogeneity of the participants in the study considering the small
sample size [21]. An additional reason for selecting only women was that clinical trials have
shown differences between men and women in appetite sensations and appetite responses
to macronutrient content changes in diets [22,23]. We also narrowed the age range of
participants because evidence has demonstrated physiological differences in sensory satiety
among age groups (i.e., adolescent, middle age, and elderly) [24,25]. We also selected
participants who were in a discrete range of overweight or obese measures. For the purpose
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of this study, overweight and obese criteria were determined by a body mass index (BMI)
between 27 and 33 kg/m?. By excluding obese individuals who have a BMI greater than
33 kg/m?, we excluded those who were more likely to have undiagnosed obesity-related
chronic disease [26]. Additionally excluded from this study were pregnant or breastfeeding
women because of their greater nutritional needs, as well as individuals predisposed to
or with serious diagnosed health conditions. Participants taking prescribed medications
that could affect their metabolism and possibly their immune function, such as those with
special dietary requirements for a health condition (collected by self-assessed report), were
also excluded. All participants were non-smokers who did not consume more than one
alcoholic beverage per day or drink more than two cups of coffee per day, as both can alter
metabolism levels. All participants were willing to eat the food used in this study, either
the regular (meat included) meal options or the vegetarian meal options, and they were
capable of preparing their own food during the study period.

For the individuals who were interested in participating, we set up individual inter-
views for identity protection. This initial interview consisted of a brief description of the
study, objectives, methodology, inclusion and exclusion criteria of the participants, and
their answers to a prepared oral questionnaire, which provided the necessary information
to ascertain a participant’s understanding of the study before starting further screening
eligibility. The researcher then measured the waist circumference, weight, and height of
the volunteer and calculated their BMI; if the BMI measurement met the criterion, then
the interview was conducted with each prospective participant. The main purpose of the
interview was to go through the self-screening questions that were already been filled by
participants. The researcher did not retain a participant’s name until the researcher was
certain of their eligibility and they agreed to participate. If eligibility was confirmed, and
the volunteer fully understood the study and their role, they were asked to sign the consent
form. Participant identification numbers rather than names were used on all materials, and
this information was kept with consent forms in a separate locked cabinet. The study pro-
tocol was approved by the Dalhousie University Research Ethics Board (protocol number
2018-4477).

2.2. Study Design

The study utilized a cross-over design consisting of two three-week treatment periods
with a one-week washout period with no dietary restrictions between treatment periods.
The participants were randomized to begin with either the low- or high-protein IER diet.
See Figure 1 and Section 2.3 for dietary details.

2.3. Dietary Interventions

The dietary plan consisted of three low-energy intake days followed by four days
of consuming the amount of energy calculated to maintain body weight; this cycle was
repeated for three weeks. The two treatment periods differed by protein content in days
1-3, which were designated as PRO— and PRO+ as shown in Figure 1. Between dietary
periods, the participants had one week off so that the effects of the previous diet would
wear off. Doing so helped us assess the effects of each diet separately. Since these are novel
diets, this pilot study was used to inform us on the design of a future, larger study. For
study purposes, we developed quick recipes, which use similar ingredients to those used in
the classic Mediterranean diet, which is generally considered to be a healthy diet [27]. The
primary source of protein was a variety of animal- and plant-based proteins based on each
participant’s preferences. The recipes were same for both interventions and only differed
by the macronutrient content as described in following section.
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Day 1: 50% restricted of total Kcal (17% protein, 28% fat, and 55% carbohydrate)

Day 2—3: 70% restricted of total Kcal (17% protein, 28% fat, and 55% carbohydrate)

Day 4—7: Consuming the total energy required for maintain body weight, 55% of total
energy from carbs, 28% from fats and 17% from protein.

Repeat for three weeks

One-week washout period

Day 1: 45 % restricted of total Kcal (40 % protein, 15 % fat, and 45% carbohydrate)

Day 2—3: 60% restricted of total Kcal Kcal (40 % protein, 15 % fat, and 45%
carbohydrate)

Day 4—7: Consuming the total energy required for maintain body weight, 45% of total
energy from carbohydrate, 15% from fats and 40 % from protein.

Repeat for three weeks

Figure 1. Study design. CHO = carbohydrate; FAT = fat; PRO = protein.

2.3.1. PRO— Diet

The PRO— diet consisted of a 7-day cyclical diet. On the first day of the PRO—
diet, the participants’ dietary energy intake was restricted to 50% of the total energy
required to maintain their current body weight. On days 2 and 3, energy intake was
restricted to 70% of the total required energy. The proportion of energy intake from
macronutrients remained at 17% protein, 28% fat, and 55% carbohydrates. The total energy
on day one was approximately 1000-1300 kcal, and on days 2 to 3, it was approximately 700
to 800 calorie kcal. During days 4 to 7, the participants consumed a diet that maintained
the same proportion of macronutrients (17% protein, 28% fat, and 55% carbohydrates) but
in amounts calculated to maintain their body weight.

2.3.2. PRO+ Diet

The PRO+ diet, the experimental diet we developed for this study, differed substantially
from the PRO— diet only in protein content on days 1-3 of each treatment week. The
participants’ dietary energy intake was restricted to 45% of the total energy required to
maintain their current body weight. On days 2 and 3, energy intake was restricted to 60% of
the total required energy. The proportion of energy intake from macronutrients remained at
40% protein, 15% fat, and 45% carbohydrates. The total energy in day 1 was approximately
1200-1500 kcal, and on days 2-3, it was 900 to 1300 kcal. During days 4 to 7, the participants
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