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SUMMARY

The global prevalence of obesity is increasing. Obesity is related to an increased risk of type 2 diabetes
and cardiovascular diseases (CVD). Lifestyle-based weight management programmes have been
shown to aid weight loss and improve risk factors of type 2 diabetes and CVD in several large-scale,
long-term intervention studies. Clinical guidelines from the American Heart Association and
American Diabetes Association therefore recommend weight loss for individuals with overweight or
obesity to prevent type 2 diabetes and CVD. It is unclear whether the clinical guidelines would benefit
specific populations or whether personalized interventions are needed. Several previous studies have
investigated the associations of participants’ baseline characteristics (e.g. age, sex, prediabetes
phenotype, and obesity phenotype) with the effect of lifestyle interventions. Evidence based on the

long-term, large-scale interventions, however, is scarce.

This PhD thesis was based on the data from the PREVIEW (PREVention of diabetes through lifestyle
interventions and population studies In Europe and around the World) study, a 3-year, large-scale,
multinational randomized controlled trial. The overall objective of this PhD thesis was to examine
whether age, sex, prediabetes phenotype, and obesity phenotype would influence the effect of a low-
energy diet followed by a 3-year lifestyle intervention on health outcomes: body weight, type 2

diabetes incidence, and cardiometabolic risk factors in a large and high-risk cohort.

In Paper I, the aim of the study was to examine age- and sex-specific effects of a low-energy diet
followed by a long-term lifestyle intervention on body weight, type 2 diabetes incidence, and
cardiometabolic risk factors. A total of 2223 participants (783 younger, 25—45 years; 319 middle-
aged, 46—54 years; and 1121 older adults, 55—70 years; and 1503 women and 720 men) with
overweight and prediabetes were included in the analysis. During the study, participants underwent
8-week rapid weight loss followed by a 148-week lifestyle-based weight-loss maintenance
intervention. We found that compared with younger adults, older adults benefited less from a lifestyle
intervention in relation to body composition and cardiometabolic risk factors. Compared with men,
women benefited less in relation to body composition. Compared with older adults, middle-aged
adults had higher 3-year cumulative incidence of type 2 diabetes. There were no differences in type

2 diabetes incidence between other age groups.

In Paper II, the study aimed to determine whether the effect of a low-energy diet followed by 3-year

lifestyle intervention on body weight, type 2 incidence, and cardiometabolic risk factors would differ



by prediabetes phenotype. In total, 1510 participants with prediabetes were stratified into metabolic
phenotypes: isolated impaired fasting glucose (iIFG), isolated impaired glucose tolerance (iIGT), and
both i[FG and IGT (IFG+IGT). They were also classified as having normal hemoglobin Aic (HbAc,
<39 mmol-mol ') and having intermediate HbA . (3947 mmol-mol™'). During the study, participants
underwent 8-week rapid weight loss followed by a 148-week lifestyle-based weight-loss maintenance
intervention. We found that individuals with iIFG and IFG+IGT had similar improvements in
cardiometabolic risk factors after the lifestyle intervention, despite greater sustained weight loss in
those with IFG+IGT. There were no differences in 3-year type 2 diabetes incidence among
prediabetes phenotypes. Participants with prediabetic hyperglycemia and normal vs intermediate
HbA ¢ had similar weight changes over 3 years. During weight maintenance, those with normal HbA .
levels had greater improvements in cardiometabolic risk factors compared with those with
intermediate HbA .. Individuals with normal HbA . had lower 3-year 2 diabetes incidence and greater

improvements in cardiometabolic risk factors than those with intermediate HbA .

In Paper III, we compared body weight, type 2 diabetes incidence, and cardiometabolic risk factors
during a 3-year lifestyle intervention between adults with baseline metabolically healthy (MHO) vs
unhealthy overweight/obesity (MUOQ). Participants were classified into MHO and MUO, according
to baseline characteristics, i.e. waist circumference, fasting triglycerides, high-density lipoprotein
cholesterol, blood pressure, and fasting plasma glucose. During the study, participants underwent 8-
week rapid weight loss followed by a 148-week lifestyle-based weight-loss maintenance intervention.
We found that compared with those with baseline MHO, individuals with baseline MUO benefited
more from rapid weight loss in relation to cardiometabolic risk factors. Participants with MHO
benefited more from lifestyle intervention than those with MUO. Individuals with MUO had lower

3-year type 2 diabetes incidence than those with MHO after a lifestyle intervention.

In conclusion, based on the data from the PREVIEW study, we found that in a large-scale,
multinational, high-risk cohort, the 3-year effect of a lifestyle intervention may differ by age, sex, and
metabolic status. After the 3-year lifestyle intervention, older adults benefited less in relation to body
composition and cardiometabolic risk factors than younger adults. Women benefited less in relation
to body weight and composition than men (Paper I). Compared with those with intermediate HbA ¢,
individuals with normal HbA . had lower incidence of type 2 diabetes and greater improvements in
cardiometabolic risk factors after the lifestyle intervention. (Paper II). Individuals with MHO had
lower incidence of type 2 diabetes and greater improvements in cardiometabolic risk factors than

those with MUO after the lifestyle intervention. (Paper III).
6



SAMMENDRAG (DANISH SUMMARY)

Den globale udbredelse af fedme er stigende. Fedme er relateret til en eget risiko for type 2 diabetes

og hjertekarsygdomme (CVD). Livsstilsbaserede vagtreguleringsprogrammer har vist sig at hjelpe
til vaegttab og forbedre risikofaktorer for type 2 diabetes og hjertekarsygdomme 1 adskillige store,
langvarige interventionsstudier. Kliniske retningslinjer fra American Heart Association og American
Diabetes Association anbefaler derfor vagttab til personer med overvagt eller fedme for at forebygge
type 2 diabetes og CVD. Det er uklart, om de kliniske retningslinjer vil gavne specifikke populationer,
eller om der er behov for personlige interventioner. Adskillige tidligere undersegelser har undersogt
sammenhaengen mellem deltagernes baseline-karakteristika (f.eks. alder, ken, preediabetes-feenotype
og fedmefanotype) og effekten af livsstilsinterventioner. Evidens baseret pa langvarige, store studier

er dog sparsom.

Denne Ph.D.-afhandling var baseret pa data fra PREVIEW (PREVention of diabetes through lifestyle
interventions and population studies In Europe and around the World), et 3-arigt, stort, multinationalt,
randomiseret kontrolleret forseg. Det overordnede formal med denne Ph.D.-athandling var at
undersege, om alder, kon, praediabetes-fenotype og fedmefanotype ville pavirke effekten af en
lavenergidiaet efterfulgt af en 3-arig livsstilsintervention pa kropsvagt, type 2 diabetes forekomst og

kardiometaboliske risikofaktorer 1 en stor og hejrisiko kohorte.

I Paper I var formélet med undersogelsen at undersege alders- og kensspecifikke effekter af en
lavenergidizet efterfulgt af en langsigtet livsstilsintervention pa kropsvegt, type 2 diabetes forekomst
og kardiometaboliske risikofaktorer. I alt 2223 deltagere (783 yngre, 25-45 ar; 319 midaldrende, 46-
54 ar; og 1121 @ldre voksne, 55-70 ér; og 1503 kvinder og 720 mand) med overvagt og praediabetes
blev inkluderet i analysen. I lobet af undersogelsen gennemgik deltagerne 8 ugers hurtigt vagttab
efterfulgt af en 148-ugers livsstilsbaseret vagttabsvedligeholdelsesintervention. Vi fandt, at
sammenlignet med yngre voksne havde &ldre voksne mindre gavn af en livsstilsintervention i forhold
til kropssammensatning og kardiometabolske risikofaktorer. Sammenlignet med mand havde
kvinderne mindre gavn af interventionen 1 forhold til kropssammensatning. Sammenlignet med
midaldrende voksne havde @ldre voksne en lavere 3-ars kumulativ forekomst af type 2 diabetes. Der

var ingen forskelle i forekomsten af type 2 diabetes mellem andre aldersgrupper.

I Paper II havde undersogelsen til formél at afgere, om effekten af en lavenergidiat efterfulgt af 3-
arig livsstilsintervention pa kropsvagt, type 2-forekomst og kardiometaboliske risikofaktorer ville
atheenge af preediabetes-fenotype. I alt blev 1510 deltagere med pradiabetes stratificeret i

metaboliske feenotyper: isoleret forhgjet faste glukose (iIFG), isoleret nedsat glukosetolerance (iIGT)
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og bade iIFG og IGT (IFG+IGT). De blev ogsé klassificeret i grupper med normalt hemoglobin A .
(HbA ¢, <39 mmol-mol™!) eller intermedizert HbA . (39-47 mmol-mol™). I lebet af undersogelsen
gennemgik deltagerne 8 wugers hurtigt veagttab efterfulgt af en 148-ugers livsstilsbaseret
vagttabsvedligeholdelsesintervention. Vi fandt, at personer med ilFG og IFG+IGT havde samme
forbedringer 1 kardiometaboliske risikofaktorer efter livsstilsinterventionen, pd trods af sterre
vedvarende vagttab hos dem med IFG+IGT. Der var ingen forskelle i 3-arig type 2 diabetes
forekomst blandt praediabetes feenotyper. Deltagere med pradiabetisk hyperglykemi og normalt vs
intermediart HbA . havde sammenlignelige vegtendringer over 3 dr. Under vagtvedligeholdelse
havde de med normale HbA|c-niveauer sterre forbedringer i1 kardiometaboliske risikofaktorer
sammenlignet med dem med intermedieert HbA .. Personer med normalt HbA . havde lavere type 2
diabetes forekomst efter 3 ir og sterre forbedringer 1 kardiometabolske risikofaktorer end dem med

intermediert HbA ..

I Paper III sammenlignede vi kropsvaegt, type 2 diabetes forekomst og kardiometabolske
risikofaktorer under en 3-drig livsstilsintervention mellem voksne med baseline metabolisk sund
overvegt/fedme (MHO) vs usund overvaegt/fedme (MUO). Deltagerne blev klassificeret i MHO og
MUO i henhold til baseline karakteristika, dvs. taljeomkreds, faste triglycerid, high-density
lipoprotein kolesterol, blodtryk og fastende plasma glukose (FPG). I lgbet af undersogelsen
gennemgik deltagerne 8 ugers hurtigt vagttab efterfulgt af en 148-ugers livsstilsbaseret
vaegttabsvedligeholdelsesintervention. Vi fandt, at sammenlignet med dem med baseline MHO,
havde personer med baseline MUO storre fordel af hurtigt vaegttab i forhold til kardiometaboliske
risikofaktorer. Deltagere med MHO havde mere gavn af livsstilsintervention end dem med MUO.
Personer med MUO havde lavere 3-arig type 2 diabetes forekomst end dem med MHO efter

livsstilsinterventionen.

P4 baggrund af data fra PREVIEW-studiet, kan det konkluderes, at 1 en stor, multinational, hejrisiko-
kohorte, kan den 3-arige effekt af en livsstilsintervention variere efter alder, ken og metabolisk status.
Efter den 3-drige livsstilsintervention havde @ldre voksne mindre gavn 1 forhold til
kropssammensatning og kardiometabolske risikofaktorer end yngre voksne. Kvinder havde mindre
gavn 1 forhold til kropsvegt og sammensatning end mand (Paper I). Sammenlignet med dem med
intermediart HbA 1. havde personer med normalt HbA . lavere forekomst af type 2 diabetes og storre
forbedringer i kardiometaboliske risikofaktorer efter livsstilsinterventionen (Paper II). Personer med
MHO havde lavere forekomst af type 2 diabetes og sterre forbedringer i kardiometaboliske

risikofaktorer end dem med MUO efter livsstilsinterventionen (Paper I1I).



TABLE OF CONTENTS

PREFACE ...ttt ettt et ettt e e st et e et e s et e st enteeseenseeneesneenseenseeneenseeneenns 1
LIST OF INCLUDED PUBLICATIONS .......ooittitiiieititestteteeteste ettt sttt 2
OTHER ACTIVITIES DURING THE PHD PERIOD.......c.cccociiiiiiiieeieeee e 3
SUMMARY ..ttt bttt et b et e bt e bt et s bt e e bt et e e bt e s bt et ebe e bt et e bt entes 5
SAMMENDRAG (DANISH SUMMARY ) ..ottt et 7
LIST OF ABBREVIATIONS ..ottt ettt sttt sttt sttt sae e 9
TABLE OF CONTENTS ...ttt ettt ettt et ae et et esteeneeeneenseenees 10
1. INTRODUCGTION ...ttt ettt ettt st sttt et sb ettt sb e et et e sbe et e saeenees 12
1.1 Thesis delIMILAtIONS ......eevuiiiiiiiiiiiieiie ettt ettt et e et e et essaeenbeesaeeebeesnneenneans 13
2. BACKGROUND ..ottt sttt ettt ettt et et e bt e st e e st e bt entesbeebeenteeneenees 14
2.1 Obesity, type 2 diabetes, and cardiovascular diS€ase............cccueevieriieiiieniiiiiiienieeieeee e 14
2.1.1 Obesity and ODESILY PRENOLYPES....cccvieruieriieiieeiieiieeie ettt site et e saeesaeeeaeesbeessneenseens 14
2.1.2 Type 2 diabetes, prediabetes, and prediabetes phenotype .......ceecvveerieeeeieeiiiieeiieeeiee e 15
2.1.3 CardiovasCular dISCASE .......cc.eviertieiiriieieeie sttt sttt ettt ettt 16
2.2 Primary prevention for type 2 diabetes and cardiovascular disease in obesity...........cceeeveennnee. 17
2.3 Lifestyle intervention for type 2 diabetes and cardiovascular disease in obesity ............cccoeuee.e. 18
2.3.1 Prevention Of type 2 diaDEteS ......ccuuieiiiiiiiieeiiie ettt eas 18
2.3.2 Prevention of cardiovascular diSEaSE ..........cceevueriiriieiiirienieiieriteeeeee et 19
2.4 Personalized 1ifestyle INterVeNtION ........c.eeeiiiieriieeiiie ettt e e et e e eeeaeenneees 19
24T AL ettt ettt et b ettt et be s 20
242 SEX ettt ettt a ettt h ettt h et n e e bt e a b e ea e e bt e n e e ehe e bt enteene e teenteeneenns 23
2.4.3 Prediabetes PRENOLYPE. ....ccciiiiieiieeie ettt ettt ettt ettt e te et eaae e b et enneen 24
2.4.4 ODESILY PREINOLYPE. ..eeeueiieeiiieetieeeiteeetteestteesteeeeaeeessaeeasaeessseeessseeessseeessseeensseesseeesseesnsseenns 28
3. RESEARCH QUESTIONS AND HYPOTHESES .......coioiieeeeeeeeeeeeee e 33
4. METHODS AND RESULTS ...ttt sttt ettt ettt sae et e es 34
4.1 Study design and METhOAS. ........c.ooiiiiiiiii e e 34
4.1.1 The PREVIEW STUAY ....eoviiiiiiiiieiiee ettt sttt 34



A.1.2 OULCOIMIES TNEASUTES. .. eenneeeeeeneeeeeeee e e et e e e e e e e e e eeeeeee e e e eeeee e e eeeaaereeeanereeeenareeeaaereeennaaaaeees 36

4.2 Summary of Papers I, I, and IL............coouiiiiiiiiiiieiie ettt 37
O I N o 1 2 TSRS 42
A PAPER T ..ottt et b ettt et et sae s 72
R oo o 1 2 1 SRS SR 97
5. DISCUSSION ...ttt ettt ettt et st s bt et eb e e b e et e sat e bt et e e bt e beeteeaee e 138
T B 521 o 1S, o PSP SRRRRSPPRR 138
S LT A e bttt b et e a e bttt et b et a et s 138
S L2 SO ettt ettt et a e h et n et e a e e ea e e bt e nteehe et e enteete e teenteeneenteenee e 139
S22 PAPCT IL..eeeeeee ettt ettt st e st e e st e e 141
5.2.11IFG, iGT, and IFGHIGT ....coiiiiiieieieeeee ettt 141
5.2.2 Intermediate HDA e .oovviiiiiieeiie ettt e et e e e es 142
5.2.3 RiSK StratifICatION ..c..eevieiiiiieiieieee ettt ettt et 143
I o2 o 1S o 1 RSP SRRUPPURS 144
5.3.1 ODESILY PRENOLYPE. .. eeieiiieiiieiiieiiie ettt ettt ettt ettt e ete et eesbeessaesabeeseeesseeseesnseeseensnes 144
5.3.2 MHO and MUQO CONVEISION.......cccuiierrieeirieeeiuieeeieeesiseeesseeessseesssseessssesseesssesesssessssseesssees 145
5.4 Strengths and HMIAtIONS. .......ccovierieiiiieiieeie ettt ettt e saaeebeessaesnbeenseenenes 146
TR 1 5 1S3 1 V1 o SRS 146
5.4.2 LIMIEATIONS 1..vteuteriteiieteeitestt et ettt ettt ettt b et es e sbe et s st e bt et e ebtenbeeatesse e beennesbeensesaeenae 147
0. CONCLUSIONS ...ttt ettt ettt et e et e st e e bt e st e st enteeseesseenseeneenseenseeneeseeneenne 148
7. PERSPECTIVES ... ettt sttt st 149
8. ACKNOWLEDGMENTS ...ttt ettt ettt et st e e nees 150
0. REFERENC ES. ...ttt e st e e e et e e e sttt e e e e abeeeessaaeeeeanssaeeeennssaaeeensaeeeeanns 151

11



	List of included publications
	Other activities during the PhD period
	Symmary
	Sammendrag (Danish summary)
	Table of contents



