FUNCTIONAL DIVERSITY OF INDIGENOUS DIETS IN COASTAL

PAPUA NEW GUINEA:

ROLE IN THE NUTRITION TRANSITION AND

NONCOMMUNICABLE DISEASE RISK

Patrick Owen
School of Dietetics and Human Nutrition
McGill University, Montreal

February 6™ 2008

A thesis submitted to McGill University in partial fulfilment of the requirements
for the degree of Doctor of Philosophy

Copyright © 2008 All rights reserved



Bibliotheque et
Archives Canada

I*l Library and
Archives Canada

Direction du

Patrimoine de I'édition

Published Heritage
Branch

395 Wellington Street
Ottawa ON K1A ON4

395, rue Wellington
Ottawa ON K1A ON4

Canada Canada
Your file Votre référence
ISBN: 978-0-494-50972-2
Qur file  Notre référence
ISBN: 978-0-494-50972-2
NOTICE: AVIS:

L'auteur a accordé une licence non exclusive
permettant a la Bibliothéque et Archives
Canada de reproduire, publier, archiver,
sauvegarder, conserver, transmettre au public
par télécommunication ou par l'Internet, préter,
distribuer et vendre des théses partout dans

le monde, a des fins commerciales ou autres,
sur support microforme, papier, électronique
et/ou autres formats.

The author has granted a non-
exclusive license allowing Library
and Archives Canada to reproduce,
publish, archive, preserve, conserve,
communicate to the public by
telecommunication or on the Internet,
loan, distribute and sell theses
worldwide, for commercial or non-
commercial purposes, in microform,
paper, electronic and/or any other
formats.

L'auteur conserve la propriété du droit d'auteur
et des droits moraux qui protége cette thése.
Ni la thése ni des extraits substantiels de
celle-ci ne doivent étre imprimés ou autrement
reproduits sans son autorisation.

The author retains copyright
ownership and moral rights in
this thesis. Neither the thesis
nor substantial extracts from it
may be printed or otherwise
reproduced without the author's
permission.

In compliance with the Canadian
Privacy Act some supporting
forms may have been removed
from this thesis.

While these forms may be included
in the document page count,

their removal does not represent
any loss of content from the

thesis.

Canad;

Conformément a la loi canadienne
sur la protection de la vie privée,
quelques formulaires secondaires
ont été enlevés de cette thése.

Bien que ces formulaires
aient inclus dans la pagination,
il n'y aura aucun contenu manquant.



DEDICATION

To my mother, Roselyne De Baets.



ACKNOWLEDGMENTS

I am greatly indebted to the people who facilitated field research in Papua New
Guinea. This thesis would not have been possible without the patience, kindness and
hospitality of my research assistants: Ricky Guria, Henry Urai, Bremiche Valina and
Perry Otio. Osia Gideon from the UPNG herbarium provided invaluable aid in plant
identification and supplied plant collecting material. I wish to thank Dr. Prem Rai for
involving me in the development of PNG’s first policy framework on traditional

medicines.

Housing throughout my stay in PNG was kindly provided by the Guria family, Dr.
Rai, Frédéric Manseau and Carl Valentine. Thanks to Claire Matainaho for her
secretarial services and her endless good humour. To the students of UPNG and the
villagers of Koki, Kalo and Wanigela, who have given me the experience of a lifetime. I

hope to one day be in a position to return the favour.

At the Institut de Recherche en Biologie Végétale (IRBV), I am thankful for the
guidance provided by Dr. Alain Cuerrier and the use of Dr. Daniel Philippe Matton’s
equipment. Paul-Eduard Neagoe, Ricardo Maliba, Alexandre Brkovic and Stéphanie
Lapointe were enormously helpful in teaching me cell culture techniques at the Institut de
Cardiologie de Montréal. A very special thank you goes to Sonia Grandi, with whom I
spent endless hours in the lab. Her cheerfulness was especially appreciated when
conducting lab work at 3:00 am. I am also indebted to Dayna Caves, who acted as my
ambassador at the Université de Montréal and autonomously completed the 3T3-L1 lab
work. Thanks to Dr. Jose Correa for his help on statistical analyses and the special

interest he took in my study.

I am grateful to my office colleagues Lindiwe Sibeko and Amira Kassis for their
support and constant encouragement, as well as their competitiveness in waging a bet as
to who would complete their thesis first. Thanks to the support staff of the School of

Dietetics and Human Nutrition: Francine Tardif and Lise Grant, who were my gateway to

ii



McGill while I was in PNG. Without them, I would have never remembered the need to

register every semester.

I am grateful to my family for their moral support, encouragement and inspiration.
The generosity of my uncle, Frédéric De Baets was especially appreciated. The
assurance and financial assistance provided by my late grandmother, Germaine De Baets,
allowed me to concentrate on my studies. I know she would be proud. To my nana,
Patricia Owen, who still believes that I had been in Africa this whole time, for her gentle
wisdom and Sunday dinners. Lastly, thanks to my sisters, Kathryne and Marie-Eve, and

my father, Gary, for their wonderful encouragement to see things through to the end.

Lastly, I would like to thank my supervisor, Dr. Timothy Johns, who was
instrumental in my professional development, in shaping my career goals, and in
providing an unforgettable academic experience. His mentorship and guidance helped
me get through the most challenging aspects of the odyssey. The respect and admiration

I hold for him transcends normal supervisor-graduate student relations.

Financial support was provided by the Natural Sciences and Engineering
Research Council of Canada, le fond québecois de la recherche sur la nature et les
technologies, the International Development Research Council of Canada: Ecosystems

Approaches to Human Health Training Award and the Society for Economic Botany.

iii



TABLE OF CONTENTS

DEDICATION ..ottt ittt asn et sr s ssesnesssaessesesasseseesnes i
ACKNOWLEDGMENTS .....coirirtiiiininiiicieeetnnssssnessessssessessostensnessssesesrosessesssses ii
LSt OF TADIES «.vvvveveeeereerererreereeereesseesssssssssssnsassessesssesessssessesssssssssssaseesssssssssssssssssssssssssnns viii
LiSt Of FIGUIES c.cvniiviiiiiiiiitici et X
ABSTRACT ..ottt eessa e s sne e s e e abas bt ebesennesosassanes xiii
ABREGE.......covetiirieieerrestcnisesesissesissessssesesssss e ssesessessssssssssssssssssessssssssssesssssssssssnens XV
STATEMENT OF ORIGINALITY ...oteiiniiietiinmcrtemieinreeniesiesieneseesneeeereseeresenenenenens xvii
AUTHORS’ CONTRIBUTION ....cocciiiiiriiniiiniiinienteereetnneeeesiesseeeereesseseesessesessnseas XX
ABBREVIATIONS ..ottt restseestestese st s e sessesesseseseenassansane Xxii
CHAPTER 1: INTRODUCTION ..ottt seeiesreseeressesensesens 1
CHAPTER 2: LITERATURE REVIEW .....ccooiiiiiniiarinreniennsinneseeneeeenteieseniesissssssessens 4
Dietary Diversity and Health .............cccoviiniiiniiniiiceeteeeesetevess e 4
Dietary Functionality of Indigenous Food Systems..........ccceeveevvevercininnieicnvnnnnennne. 6
Fiber and the Glycemic INAeX .........ccvieriiiieriiiciericceeeeecvccre ettt 8
Antidiabetic phytochemicals in food plants..........cccoeceeveinerieiiveniiecriiiirreereens 9
Antidiabetic phytochemicals in medicinal plants .........cc.ccceevvvvveericcnieinnneenrenene, 12

The Nutrition Transition in Papua New GUINEa .........cccocuveveciirinvensenincinneenienennnns 14
Noncommunicable Diseases in Pacific Island Populations ..........cccevvenvivernrenvivaeniann, 15
Insulin Resistance in the Etiology of Type-2 Diabetes Mellitus ...........cccccoveiiinenens 18
Genetic determinants of type 2 diabetes mellitus ..........cocevvvrrieveninnnninceencvennnnnn, 18
Environmental mediators of type 2 diabetes mellitus........cccooccevvvvenvineeciinnnnnnnnn. 19
Oxidative stress in the etiology of DM2 .......cccccoiiiiniiiviniiinininnenneneerer e 21
Oxidative stress and diabetic complications .........cccceceeveecerivnivennenseecninicncninnnenas 22
Diabetic endotheliopathy ............ccocevereninniniin e 25
Oxidation of LDL and its role in atherogenesis .........cccocereevvivvnencnennieeninnnnenenns 27

The role of antioxidants in CVD prevention............cceceevervverireneevenenienencennnniens 28
Plants Selected for Laboratory Analysis.........cceeermierenenecreneniinereeenesesesreseeeenes 30
Betel QUIA c..oeiiiiiiiiiiietcrecs ettt st sttt e e e e ete s sreernaas 30
GUAVA Lttt s sb et sttt est et e st e ssa e s en et esseesseseestasabensessesnns 39
INOM ettt s e e e s et st esa s e b e sae s bt e sbe e bnasat e e neenreeenaesrnenabenbeeans 42

iv



Mangrove BEan........covovivriiiieniieii e 47

Ethical Considerations and Intellectual Property Rights .........cccocoveniiiininieninennens 49
Study Rationale and Study Design ......cccovvinivicininiiniiinninen, 50
Description of i71 Vitro DIOaSSaYs..........ccerenreriiiininniiinei e s 52
Free Radical Scavenging ACtiVIty......cocceviiiniinininiiiinrintccenciennecceennnenes 52
Protection from Cu'**-catalyzed oxidation 0Of LDL .......c..ccocvvevvrrrersveverenrerserinnenn. 52

Cell CUIUIE ...ttt sa s a e s en e ss e s e s nen e 53
CHAPTER 3: MANUSCRIPT 1 ..ooiiiiiiiciniiienrineeenietntennesese e sneseseseeesssseneens 65

Plant diversity and health: Food and medicinal plant use in transitional
coastal communities of Papua New Guinea

INErOQUCTION .. e ceieee ettt et e st e e eer s n et e b uesare e st e e sneeesnneeassesasensn 66
Materials and MeEthods........cccueviriinieiinininnirineene e sreenessee e saaeseessassnseneseesees 67
Results and DiSCUSSION ..ecueeeviiriiiiirirircirreciieietceseente et seeesee s ses e eessasaessenees 71
BRIDGE L.ttt ettt enta st e st et sna sttt sta s e e s e e saebaesaessasssentessaesnsensenses 100
CHAPTER 4: MANUSCRIPT 2 ...oooiiiiiiricinnrtencereeressessessesasasssesaessesnssessensessassenes 101

Nutrient adequacy, health and dietary diversity in Papua New Guinean Adults:
Comparative analysis of the Quantitative Index for Dietary Diversity (QUANTIDD)

ADBSITACE .....eeeeeeirericeeeierrtcrceete et st et ee s e e st e te e s aesr e ee e st e esb e e s bt eteestaesaesreanean 102
INErOAUCTION. ..ottt ettt ettt e sttt e s sur e e st e e rnaesns e e nsaneastenns 103
Materials and Methods.........cccoiiiiriiriiriiiieeniniene e ecrere e st sie e srasrnessseeneenes 105
RESULLS .ceveiritrereenieeeetenie it ereert et st s stestnssesbessestaestesrtsasossestnessasntassssnsensassasssessenssasnnas 109
DISCUSSION 1..vveeerieeiieeire et eeereteestee e see et eeeeseaesseesreesreesseesreasaseesaeeensesasessesnsnessnensens 113
CONCIUSION ...oiitiieiiiierieniterieeieerteesree e estessessseesaesseesaresanesseaesseenssesseaessersesassesssssensanns 118
BRIDGE 2ottt steseertessesse bt e st sueeabe st e naassae s essaensassesesensesssensen 134
CHAPTER 5: MANUSCRIPT 3 ...ootioiiiiieieiinenisieente e ente e sneeseessaesnssseesaesssessesneves 135

The Dietary Functionality Index: a new quantitative measure of functional
food intake and its application to Papua New Guinean metabolic health

ADSEIACE .. evviiieieereicitrereeirerestr e ctreessreerte s ireestbstesras e stee s b s tesabaeirbee st beearaeostreeesteens 135
3T CeYe L Lo 4T ) ¢ DO U ST 137
Materials and MethodsS.......coiviuiiiiiiier et esree e e s ssbest s s evees e sbaessaseseseees 138
RESUIES ....oviiiieneeiiie ettt ettt et e e ettt e st eesesteesessbessesesbesssenntseesrreseesnaneeennne 146
DISCUSSION v1cvvrierrireiertieiireirreeereeerireeesrreesseesssessasessanessteserssesssnesssrasssneessnssesnesssssessses 149
CONCIUSION ..eeiivveiriicirerre et cre st cve e st e et s e ser e s b e e stesebeebesasassbeesbeeetrseaseerseessassneorsesrron 153
BRIDGE 3.ttt ettt et ste e ere et eerteebeeebssbesabsesatssstesnnesbseaeserseeontenss 164



CHAPTER 6: MANUSCRIPT 4 .....ooviiininiiiiiiiininiiie e 165

Consumption of guava (Psidium guajava L.) and noni (Morinda citrifolia L.)
may counter betel quid diabetogenicity in Papua New Guinea

ADSILACT ....eeciritiirteerrre et e e esee e ee s e s siaesrreestesnsssbeseasesstaesbesssnesabeseressrsontesrtertn 166
INrOAUCTION......eeveieiieereieere ettt et e rae st e s b s asseae e ab e s e baeennessaasas 167
Materials and MethOds........coveverrenierreeireneniiieietree et sae e re e essaeaenes 168
RESUIES .uvveerieeteeitiecie et e et s s ere e st e sbe e ba e e ba e raasseeesanes b aassaesssasseennnenseasaseans 171
DISCUSSION ...ecvvieetererereieertesressesaestessesseesessessassessassesnsssnsssesssnnensensensessassassensensensenaeses 173
CONCIUSION .vvrvieveirierreiecereesterectereseeesaeressrresssseesssassssnerasnessssnessssessssseasssnnesseresssnaenns 178
BRIDGE 4......oioiiiiiiieiceteieeeesesicsas e esaessessesteseesuessessessessassesbesbesnesaeansenneneaneenasses 190
CHAPTER 7: MANUSCRIPT 5 ....tiiiiiiientiirentecsstenressessseseesenessessssssesssassesssssenss 191

Endothelial cytoprotection from oxidized LDL by some crude Melanesian plant
extracts is not related to their antioxidant activity

ADSIIACE ...ttt ettt e st a e r e n e me e ne e enenes 192
INErOAUCLION . ...eiuiiiiieiciieictetteere ettt s senens 193
Materials and Methods........cocueciriiieniiniiiiicetee et 194
RESUILS...oviiiiiiiiiit ettt ettt e s s s 198
DIISCUSSION ..evriueerecueieteseesrerr et eresrnestaeseeseessnessesasesasassnossasseestessasssessesssensansesssessesses 201
CONCIUSION ...ttt cree sttt a et st e et et et e seee et e seessasssesbessenssansens 208
CHAPTER 8 ...ttt ettt en et ss s sra st st et s aa bt e s enanaeten 217
GENERAL DISCUSSION AND CONCLUSIONS.......occevererenenenenenasierresisseensens 217
Limitations and future WOrk..........ccccevveeirviiininnini e 223
Dietary ASSESSITIENE . vvevrroeeeesessereseesessseeeeseseessessssereessseeseessesssssesesseseesssseeeees 223
Dietary diversity measurement iSSUES........ccoevereeerereriererreenerssernnessessiernsesssesens 224
Experimental MOdels.........cccoocuirieiiiriiiniiiiiieciin et 225
ANtIAIabELIC ACHIVILY c.vevvreieiiiieriiiie ettt sttt sb et st sseaassa i 227
CONCIUSION .ttt et re s s esee st senasre s sas e s saessessassaensens 229
REFERENCES ..ottt ettt er s st st st e ssa st e ss s e sas 231
APPENDIX I: Ethics ReVIiew FOIm .....c.cccoviiiiiieiiiniecirericniecceeneenie e cniesceaerens 275
APPENDIX II: Modernity SCOIe SyStem......ccovurvuiriirruinmeenrennieiennnereneeruessesseseersessenes 278
APPENDIX III: Anthropometry and Personal Information ...........ccccocoevvvivvnriiinnnns 279
APPENDIX IV: Food frequency qUeStionNaire...........cccoeverevrenenenenenesensonsnsesssenns 280
APPENDIX V: Ethnomedical qUEStioNNAire ............cccovvvecrerviriveneerienenieseecesenseesnenns 288

vi



APPENDIX VI: Ethnobotanical qUESHIONNAIIE..........cceecvrvmnieririeiiincneneserisreneneesnennes 294

APPENDIX VII: Kalo Women’s Fellowship Focus Group .........cccoverivninnnrecnnenene 297
APPENDIX VIII: Food Functionality Index (FFI) categories .........ccccocevervenerrerrennen 300
APPENDIX IX: Bibliography for the Food Functionality Index (FFI)........................ 301
APPENDIX X: Ethnobotany of Kalo and Wanigela ..........cccooveeninvinvcnniciininniennenns 330
APPENDIX XI: Ethics approval and co-author agreement forms ...........cccceveecrennens 397

vii



LIST OF TABLES

Table 2.1. Age and sex specific prevalence of IGT and DM2 in three

Table 2.3. Nutrient composition of Bruguiera gymnorrhiza hypocotyl and %

daily VAIUE ...coviiiiciic s 59

Table 3.1. Food groups and number of individual food items per group

included in the SUIVEY. .coccoviiiiiiienie ettt csbe e 83

Table 3.2. Age-adjusted characteristics of men and women 16+ years old of

the coastal communities Koki, Kalo and Wanigela, Papua New Guinea.. ........c.oucnue. 84

Table 3.3. Food groups ranked according to their frequency of use in Koki,
Kalo and Wanigela, PNG.........ccooiiiiiiiieeerecrree et s ereeieesseeereesieeseesseesaeennens 85

Table 3.4. Pearson’s regression coefficients of various health parameters in
relation to FVS and DDS. ... 85

Table 3.5. Medicinal plants of Central Province, PNG mentioned in the text............... 86

Table 4.1. Proportion of study population that fall into the lowest and highest

tertile of dietary pattern indices according to sociodemographic variables.................. 120

Table 4.2. Relation between dietary pattern indices and explanatory
sociodemographic independent predictors as assessed by stepwise linear

FREIESSION. Levetirtiitert ettt ettt sa et b bbb st r e sa s b e ss st reene st sbe s eneenan 122

Table 4.3. Comparison of mean daily nutrient intake in those within the 1%

and 3™ tertile Of dIVETSItY IAICES. ....verevreverivererirsereeeeereeseesssreseeessseseesesresessseressesseesssene 123

Table 4.4. Prevalence of inadequate intake of nutrients and Pearson’s
correlations between continuous dietary pattern variables and individual

nutrient adequacy ratios and the mean adequacy ratio .........cccocevvevvicerenivricencennnionnes 125

viii



Table 4.5. Comparison of mean daily intake of food groups between those in

the lowest and highest tertile of dietary pattern indices. ........ccccooeeeeersinicncricninnnnnees 126

Table 4.6. Comparison of mean daily intake of food groups between those in

the lowest and highest tertile of food variety and dietary diversity scores. .................. 127

Table 4.7. Unadjusted and adjusted correlations between continuous dietary

pattern variables and anthropometric and health parameters............cccocevnienenirecennnn 128
Table 5.1.a. Sample layout for the calculation of DFIy .......cccovviviriveicrvricninnirnnnnenn, 155
Table 5.1.b. Sample layout for the calculation of DFIw. ....cocoevecermneciinininncinincns 156

Table 5.2. Pearson’s correlation coefficients () between the various dietary

functionality indices and plant food intake. ........c.cccvvorineniinrnnvinieninineenereenesne e 157

Table 5.3. Mean + SD of dietary functionality indices and the proportion of
study population that fall into the lowest and highest tertile according to

sociodemographic Variables.. .......ccoeeeeireiniinriiiiiiineeeer e 158

Table 5.4. Comparison of anthropometric parameters, blood pressure and
fasting blood glucose between individuals who are in the lowest versus the

highest tertile of the three dietary functionality indices..........cccvevevvviirvrrieiriencieeinnns 160

Table 5.5. Unadjusted and adjusted correlations between various health

parameters and dietary functionality indices. ........ccccoevviveniinineninin e 161

Table 6.1. Characteristics of plants, the area of collection, ethnomedical

indications and methanolic extract )4 (<] (s ER OO OO OTSO RO 180

Table 6.2. Population characteristics of adult men and women of Kalo, and the
Wanigelan urban and rural communities Koki and Wanigela, Papua New

GUITIEAI. .vvvvirereeeiiviiriieeeseesearreseeeesestrrereesssanseeasssssatstsessessntesateessssessnnasssssesseesaesarsnserearass 181

Table 6.3. Spearman’s correlation coefficients for the relationship between
intake of betel quid, guava and mangrove bean, and fasting blood glucose,

diabetes status and selected anthropometric and vascular antecedents......................... 183

Table 7.1. Characteristics of plants, extract yield, and content of total and

water-50luble phenols.. ... 210



LIST OF FIGURES

Figure 2.1. Supplies of some food groups (in kg/caput/year) in Papua New
Guinea from 1964-66 t0 1994-96. .......ccccovivviiiiiiiniiii e 60

Figure 2.2. Death by cause, all ages, for the WHO Western Pacific region,
2005 and Papua New Guinea, 2002. ........cccoovevievinieniiniiiiiieeseee s csreesesseeane 61

Figure 2.3. Incidence of type 2 diabetes in selected populations stratified

. according to BMI. Dark bars represent Pacific nations. .......cooccevevivviecivnnccenienennnes 62
Figure 2.4. Plants selected for analysis. .......ccccccevmeiniiiivcinnnenicccnccncncnnenens 63
Figure 2.4. Schematic model of study design and methods.........cccoevvecnenerccncinnnnnnnn. 63

Figure 3.1. National Capitol District INCD) and Central Province of coastal
Papua New Guinea indicating the location of Koki (urban), Kalo (semi-rural)

and Wanigela (Tural). ..o e 87
Figure 3.2. Villages included in the present study. .......cccoeeeeviniiniininnncnneneerenne, 88

Figure 3.3. Location of Kalo, situated at the mouth of the Kemp Welch River
and Wanigela, situated on the mud banks of Marshall Lagoon..........cc.cccceeevencinnnnnnns 89

Figure 3.4. Amount (cups) of staples, starchy crops and cereals eaten in

Wanigela, Kalo and Koki, PNG in seven days. ........cccocoivriniiiinniricnccneeecreneene 90

Figure 3.5. Amount of fruit eaten in Koki, Kalo and Wanigela, PNG over

SEVEI QAYS Louvivieiiiiiiiie et et et esae s esre et e st sraessaebte s careseeshesrbesbaesnarbesrseteesbeshaenresaeas 91

Figure 3.6. Amount (cups) of selected vegetables eaten in Koki, Kalo and

Wanigela OVer SEVEN days. ......ccovuiiiiviiiceeciiiiiiirce e et 92

Figure 3.7. Amount of salt and sugar eaten in Koki, Kalo and Wanigela, PNG

OVET SEVEIL TAYS vvvereirieiereieiireesinieesinrieateresseesasessantassrssenassesaserssmasesssesasnessssesssasessrsensses 93

Figure 3.8. Amount of tea, soft drinks and cordial consumed in Koki, Kalo

and Wanigela, PNG OVer seVen days ........cccveviiininiienincneiieninircnsieesseestscesreseesisnns 93



Figure 3.9. The total number of food items eaten in Koki, Kalo and Wanigela,

PNG OVEL SEVEN dAYS «...enveuererieneeiiriinieirecnse ettt s sre s sscsee s e sansnesnsnasnss 94

Figure 3.10. Distribution curve of the number of food groups consumed by

Koki, Kalo and Wanigela, PNG over seven days. .......ccccvreveevnnninnnniinennniiceninnes 95

Figure 3.11. Number of plants used as medicines in Koki, Kalo and Wanigela,

Figure 3.12. Percent of the total, male and female sample population that use

medicinal plants in Koki, Kalo and Wanigela, PNG. ........cccocviieiiiiicinnnnnnecccnnenienne. 96

Figure 3.13. Common medicinal plants used in Koki, PNG according to

percent of the sample population. ... 97

Figure 3.14. Common medicinal plants used in Kalo, PNG according to

percent of the sample Population. ........ccccceviiiiiiiinniniire e 98

Figure 3.15. Common medicinal plants used in Kalo, PNG according to

percent of the sample population. ........o.ceveviicniiiniiiiniiincnr e 99

Figure 4.1. Sensitivity and specificity of different cut-offs for FVS with MAR
changing from 0.70 t0 0.85.. ..ot s 130

Figure 4.2. Sensitivity and specificity of different cut-offs for DDS with MAR
changing from 0.70 t0 0.85. ....cuiiriiee et 131

Figure 4.3. Sensitivity and specificity of different cut-offs for QUANTIDD-E
with MAR changing from 0.70 t0 0.85......ccccoviviviiiniiiniiiicre e 132

Figure 4.4. Sensitivity and specificity of different cut-offs for QUANTIDD-I
with MAR changing from 0.70 t0 0.85. ...cccoeiiieenircieecereeerere e 133

Figure 5.1. Frequency distribution patterns of functionality indices calculated

from the diets of three coastal Papua New Guinean villages.........cccccevvrvuivervennrennnn 163

Figure 6.1. Percent change in glucose uptake in 3T3-L1 adipocytes with
various concentrations of A: areca nut, B: Piper betle inflorescence and C:
betel quid extracts in the absence (0 nmol/L) and presence of 1 and 100 nmol/L

TSI evvet et irirree ettt see e s e s ettt s e s ssee bttt e e s seesns b e eeaeesssrebaeseeaatsseeesasantarentsaeesesnars 185



Figure 6.2. Percent change in glucose uptake in 3T3-L1 adipocytes with

various concentrations of guava bud extracts in the absence (0 nmol/L) and

presence of 1 and 100 nmol/L insulin. ..o,

Figure 6.3. Percent change in glucose uptake in 3T3-L1 adipocytes with

various concentrations of A: noni fruit, B: fruit juice, C: leaf, and D: root

extracts in the absence (0 nmol/L) and presence of 1 and 100 nmol/L insulin.........

Figure 6.4. Percent change‘ in glucose uptake in 3T3-L1 adipocytes with

various concentrations of A: raw and B: cooked mangrove bean MeOH

extracts in the absence (0 nmol/L) and presence of 1 and 100 nmol/L insulin.........

Figure 7.1. Free radical scavenging activity of selected crude plant extracts

using the stable radical 1,1-diphenyl-2-picryl-hydrazyle (DPPH)...........cccceueuennenn.

Figure 7.2. In vitro antioxidant activity of various concentrations of selected

plant extracts on Cu®*-mediated LDL oxidation measured as lag time (min)

before the appearance of conjugated dienes. ........cccccevveeviervirnrecninieennnnrneecereeene

Figure 7.3. In vitro anti- and pro-oxidant activity of various concentrations of

selected plant extracts on Cu**-mediated LDL oxidation measured as TBARS

generation over an incubation period 0f 6 h.. .......cccoceveininiiniinicnnincceens

Figure 7.4. Cytotoxicity of maximal non-toxic concentrations of plant extracts

in the absence (time 0 h) and presence of 0.10 mg/mL oxLDL in cultured

Figure 7.5. Extracellular and intracellular generation of TBARS as a measure

of oxidative stress in cultured BAEC incubated for 6 h with 0.10 mg/mL

oxLDL and maximal non-toxic concentrations of plant extracts............coceevevevrennn

Xii

. 186

212



ABSTRACT

Simplification of diets and reduced consumption of traditional foods and
medicines play an important role in the increased prevalence of noncommunicable disease
(NCD) in developing countries undergoing the nutrition transition. Empirical evidence on

‘the consequences of reduced dietary diversity and exposure to functional dietary elements
is sorely lacking in the literature. To address this, a food frequency and ethnomedical
survey of 365 participants stratified according to age, gender and area of residence was
conducted in coastal Papua New Guinea (PNG), and anthropometry, blood pressure and
fasting blood glucose (FBG) recorded. Our results support the hypothesis that reduced
food variety, especially in the fruits and vegetables group, is associated with increased
obesity, hypertension and FBG, particularly in urban people. Application of the
quantitative index for dietary diversity (QUANTIDD) showed that this was a superior
indicator of nutrient adequacy and was more closely associated with reduced NCD risk.
To test the effects of fooci functionality, a new compound indicator, the dietary
functionality index (DFI) was developed. Application of the DFI to our population
showed significant trends with improved health parameters, providing novel support for

the functionality of indigenous foods towards health maintenance.

From comparative ethnobotanical surveys, five plant species that were used in one
community significantly more often than another were selected for laboratory analysis to
assess whether differential consumption patterns might explain disparate rates of NCD.
Crude extracts of betel quid (BQ), comprised of areca nut (AN; Areca catechu L..) and
Piper betle L. inflorescence (PBI), guava bud (GB; Psidium guajava L.), noni (Morinda
citrifolia L.) and mangrove bean (MB; Bruguiera gymnorrhiza (L.) Lam.) were tested for
their ability to mediate glucose transport in cultured 3T3-L1 adipocytes, their antioxidant
activity, their capacity to prevent Cu >* -catalyzed low density lipoprotein (LDL)
oxidation or reduce the cytotoxicity of oxidized LDL (oxLDL) towards cultured bovine
aorta endothelial cells (BAEC). Our results demonstrate that BQ and its constituents AN
and PBI inhibit insulin action while GB and noni mimic or potentiate it, suggesting that

consumption of the latter offsets the diabetogenicity of the former. Betel quid was also
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highly toxic towards BAEC and exacerbated oxLDL cytotoxicity, despite being a potent
free radical scavenger. In contrast, GB and the root of noni (NR) were able to inhibit

LDL oxidation and effectively protected BAEC.

Our findings suggest that communities who consume more plants that possess
antiatherogenic and/or antidiabetic functionality, which in itself is contingent on adequate
dietary diversity, may be protected from NCD risk. This has important implications for
public health policies aimed at reinforcing traditional food habits as a strategy to lessen

the NCD burden that is usually associated with economic development.
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RESUME

La simplification des di¢tes et la consommation réduite d’aliments et de
médecines traditionnelles jouent un réle important dans la prédominance de maladies
non-transmissibles (NTD) dans les pays en voie de développement exposés a une
transition alimentaire. L'évidence empirique sur les conséquences d’une variation
alimentaire réduite et d’une exposition aux éléments fonctionnels manque
considérablement de littérature. A cette fin, un sondage de fréquence alimentaire et
ethnomédical sur 365 participants regroupés selon 1'dge, le genre et le secteur de résidence
ont été menés sur la cdte de Papouasie-Nouvelle Guinée (PNG), au cours desquels
I’anthropométrie, la tension artérielle et la glycémie a jeun (FBG) furent enregistrés. Nos
résultats appuient I'hypothése qu’une variété réduite en aliments, particuliérement dans le
groupe de fruits et légumes, est associée a I'obésité, a I'nypertension et a la glycémie
accrues, en particulier dans les zones urbaines. L'usage d’un index quantitatif de variété
alimentaire (QUANTIDD) a démontré qu’il s’agissait la d’un indicateur supérieur de
suffisance alimentaire qui était plus étroitement liés au risque réduit de maladies non
transmissibles. Afin de mieux observer les effets de la fonctionnalité alimentaire, un
nouvel indicateur composé, I'index de fonctionnalité alimentaire (DFI) fut développé.
L'application de cet index sur notre population a révélé des tendances marquées a
I’amélioration de sérieux paramétres de santé, fournissant ainsi un nouveau support de

fonctionnalité des aliments indigénes pour l'entretien de la santé.

Parmi les sondages ethnobotaniques comparatifs effectués, cinq plantes qui furent
utilisées plus sensiblement souvent dans une communauté que dans les autres, furent
sélectionnées pour analyse en laboratoire afin d’évaluer si les diverses habitudes de
consommation pourraient expliquer des taux disparates de maladies non transmissibles.
Des extraits bruts de chiques de bétel (BQ), composées de noix d’arec (AN : Areca
catechu L.) et d’inflorescence de Piper betle L. (PBI), des bourgeons de goyave (GB :
Psidium guajava L.), du noni (Morinda citrifolia L.) et des doliques de mangrove (MB :
Bruguiera gymnorrhiza (L.) Lam.) furent étudiés pour leur capacité de diffusion de
glucose dans les adipocytes 3T3-L1 cultivés, pour leur activité antioxydante, pour leur

capacité  prévenir I’oxydation de lipoprotéine de faible densité (LDL) catalysée par Cu®*
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ou de réduire la cytotoxicité du LDL oxydé (oxLDL) vers les cellules endothéliales
cultivées d'aorte de bovin (BAEC). Nos résultats démontrent que les chiques de bétel
(BQ) et ses constituants AN et PBI entravent l'action de l'insuline tandis que les
bourgeons de goyave (GB) et le noni I'imitent ou la renforcent, impliquant que la
consommation de ces derniers compensent pour la diabétogénicité de I'ancien. La chique
de bétel était également fortement toxique vers les cellules endothéliales et aggrava la
cytotoxicité de I'oxLDL, bien qu’elle soit un désactiveur efficace de radical libre. En
revanche, les bourgeons de goyave (GB) et la racine de noni (NR) purent empécher
l'oxydation de la lipoprotéine de faible densité (LDL) et protéger efficacement les cellules

endothéliales cultivées d’aorte de bovin (BAEC).

Nos résultats démontrent que les communautés qui consomment plus de plantes a
fonctionnalité antiathérogénique et/ou antidiabétique, qui en soi dépendent d’une
variation alimentaire adéquate, peuvent étre protégées contre les risques de maladies non
transmissibles (NCD). Ceci comporte d’importantes implications pour les politiques de
santé publique visant a renforcer les habitudes alimentaires traditionnelles en tant que
stratégie pour diminuer la charge de maladies non transmissibles habituellement reliée au

développement économique.
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STATEMENT OF ORIGINALITY

To date, there is little information on functional non-nutrient intake from fruits,
vegetables and other plants in human populations and how this relates to long term health.
One of the principal strengths of this study is the transdisciplinary approach to a common
phenomenon among developing nations. By combining approaches from the fields of
anthropology, nutrition, pharmacology, epidemiology, and ethnobotany, we obtain a more
holistic perspective by integrating molecular biochemistry with human health and
nutritional ecosystems. From this, we present a new paradigm on how foods should be
regarded health wise. Emphasis on food functionality as a nutritional tool is used here to
support the intuitive concept that eating a variety of foods rich in bioactive
phytochemicals promotes health and reduces the risk of chronic disease. The model is
tested where it is most needed: in a developing country that is experiencing a rapid rise in
noncommunicable disease as a result of changes in lifestyle, activity patterns and the
nutrition transition. Our results provide scientific support for the functionality of
indigenous foods and medicinal plants which is needed for public health policies centered
on reducing NCD prevalence. Reinforcing the incorporation of traditional elements
within Westernizing food systems is a socioeconomically feasible strategy that would

enable development without incurring a chronic health burden.
Specifically, some of the original contributions from this study include:

e Application of an ecosystems research approach in identifying biophysical and
socioecological determinants of dietary diversity and its relationship to obesity,
adiposity, hypertension, and impaired glucose tolerance. Biochemical processes are
linked to epidemiological dietary and disease patterns in order to demonstrate the
complex interconnectedness between systems at the molecular level and at the human

population level.

o First application of the recently developed quantitative index for dietary diversity
(QUANTIDD) outside of Japan. We demonstrate that QUANTIDD provides dietary

information that is not detected by the more conventional food variety score
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" (FVS) and dietary diversity score (DDS), and is a superior predictor of nutrient
adequacy. The index is also tested, for the first time, for its association with health
indicators of noncommunicable disease risk (obesity, abdominal adiposity,

hypertension and hyperglycemia).

Conception, construction and validation of the dietary functionality index (DFI),
designed to address the need to quantify the pharmacological properties of food in
relation to human health and chronic disease. Significant associations between the
DFTI and proxy-indicators of NCD risk indicate the importance of food functionality in
maintaining health. The index also highlights the contribution of cultivated and non-
cultivated traditional fruits, vegetables and medicinal plants as essential sources of

bioactive phytochemicals.

Inclusion of medicinal plants, masticants, spices, herbs and dietary adjuncts in all
nutritional surveys, nutrient composition analyses, variety scores and functionality
indices. Most nutritional and agricultural studies ignore these elements of traditional
food systems because of their quantitative insignificance. This study however,

emphasizes their role as sources of vitamins, minerals and bioactive compounds.

Application of the phytochemical index (PI), which was conceived to quantify food
functionality but never tested prior to this study. The PI is the ratio of calories
derived from plant foods, fish, probiotics and some alcohols, to total caloric intake.
The strengths and limitations of the PI are explored and its association with some

NCD risk parameters is compared to that of the DFI.

The nutritional composition of mangrove bean hypocotyl (Bruguiera gymnorrhiza
(L.) Lam), hitherto unknown, was determined. This study also contributes new
pharmacological information about the plant and its relation to local consumption
patterns. To date, very little compositional and pharmacological data exists for this

species.

Support for the health benefits of guava bud (Psidium guajava L.), particularly as an
antidiabetic, and noni (Morinda citrifolia L..). From our laboratory findings, we are
the first to propose that consumption of these species offsets the diabetogenicity of
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betel quid and its constituents, area nut (4reca catechu L.) and Piper betle L.

inflorescence, and more broadly, to other environmental diabetogenic factors.

The first to subject the aforementioned species to the bioassays included in this study.
This not only helps build the pharmacological knowledge base of these plants, but
contributes directly to PNG’s efforts to catalogue and document the pharmacology of

indigenous drugs.

Xix



AUTHORS’ CONTRIBUTION

Patrick L. Owen designed the study and prepared and submitted all documents required
for ethics approval, research visas and travel permits in order to conduct field research in
Papua New Guinea. Dietary surveys, ethnobotanical collections, and the measurement of
anthropometry, blood pressure and fasting blood glucose were carried out by the
candidate. All laboratory protocols, except for 3T3-L1 and BAEC cell culture assays,
were developed and conducted by him. The candidate was also responsible for all

statistical analyses and the conception and application of the dietary functionality index
(DFD).

Teatulohi Matainaho provided housing, resources and facilities in Papua New Guinea,
as well as access to the laboratories, libraries and services at the University of PNG. Dr.
Matainaho facilitated the acquisition of research permits from the PNG Medical Advisory
Board and the Department of Conservation and the Environment, as well as approval for

the exportation of biological material to Canada.

Dayna Caves carried out all cell culture experiments on 3T3-L1 adipocytes and aided in
protocol modification and analysis. She also contributed to the literature review and

tabulation of functional foods required for the construction of the DFI.

Louis C. Martineau was responsible for the 3T3-L1 protocol designed to analyze
antidiabetic medicinal plants. His expertise and laboratory techniques facilitated cell

culture experiments.

Pierre S. Haddad provided the laboratory space, equipment and facilities at the

Université de Montréal to conduct the 3T3-L1 experiments.

Martin Sirois provided the laboratory space, equipment and facilities at the Institut de
Cardiologie de Montréal to conduct the bovine aorta endothelial cell (BAEC) culture
experiments. Dr. Sirois and his graduate students acquired the cell line, designed the

BAEC protocol and provided technical advice on cell culture.

XX



Timothy Johns proposed the original thesis hypothesis and suggested that PNG serve as
amodel. Dr. Johns provided the laboratory space, equipment and facilities to prepare
plant extractions, perform in vitro antioxidant assays and LDL oxidation studies. He
provided advice on the direction, content and presentation of the manuscript, as well as

financial support.

XXi



ABBREVIATIONS

%BF:
AGE:
AN:
BAEC:
BHT:
BMI:
BQ:
CVD:
DBP:
DDS:
DFTI:
DFIV:
DFlw:
DM1:
DM2:

DMEM:

DMSO:
DPPH:
EDTA.:
EE:
FBG:
FBS:
FFI:
FFQ:
FVS:
GB:
1GT:
IR:
LDH:
LLDL:

MAMC:

MAR:
MBC:
MBR:
MDA:

MUAC:

NAR:
NCD:
NF:
NI
NL:
NO:
NR:

Body fat percentage

Advanced glycation end products
Areca nut

Bovine aortic endothelial cells
Butylated hydroxytoluene

Body Mass Index

Betel quid

Cardiovascular disease

Diastolic blood pressure

Dietary diversity score

Dietary Functionality Index
Dietary Functionality Index — Variety
Dietary Functionality Index — Weight
Type 1 diabetes mellitus

Type 2 diabetes mellitus
Dulbelco’s modified Eagle’s medium
Dimethylsulfoxide

1, 1-diphenyl-2-picryl-hydrazyle
Ethylenediaminetetraacetic acid
Energy expenditure

Fasting blood glucose

Fetal bovine serum

Food Functionality Index

Food frequency questionnaire
Food variety score

Guava bud

Impaired glucose tolerance
Insulin resistance

Lactate dehydrogenase

Low density lipoprotein
Mid-arm muscle circumference
Mean Adequacy Ratio
Mangrove bean, cooked
Mangrove bean, raw
Malondialdehyde

Mid-upper arm circumference
Nutrient Adequacy Ratio
Noncommunicable Disease
Noni fruit

Noni juice

Noni leaf

Nitric oxide

Noni root

xxii



oxLDL:
PAF:
PBI:

PI:
PNG:
QFFQ:
QUANTIDD:
REE:
ROS:
SDA:
SBP:
TBARS:
TSF:
WHR:

Oxidatively-modified low density lipoprotein
Physical Activity Factor

Piper betle inflorescence

Phytochemical Index

Papua New Guinea

Quantitative food frequency questionnaire
Quantitative Index for Dietary Diversity
Resting energy expenditure

Reactive oxygen species

Seventh-Day Adventist

Systolic blood pressure

Thiobarbituric acid reactive substances
Tricep skinfold thickness

Waist: hip ratio

xxiii



CHAPTER1
INTRODUCTION

Let food be thy medicine and medicine be thy food
Hippocrates (460-377 B.C.)

The eradication of hunger in the developing world is the first and primary
objective of the UN Millennium Development Goals. Althoﬁgh the number of people
going hungry is increasing in parts of sub-Saharan Africa and Southern Asia, the total
proportion of people suffering from chronic hunger has declined from 25% in 1970 to
16% in 2005 (United Nations, 2006). Ironically, the developing world is also where the
greatest increase in noncommunicable disease (NCD) prevalence is occurring. This is
largely a consequence of the nutrition transition and its attendant simplification of diets,
especially seen among the urban poor who shift from traditional staples towards energy-
rich foods bereft of micronutrients. High-input agriculture, reduced transportation costs
and agricultural subsidies have resulted in unprecedented access to refined carbohydrates
(e.g. wheat, rice and sugar), where fried food now form a significant portion of the diet.
The availability of cheap cereal foods has contributed to the attrition of agricultural
biodiversity and a concomitant reduction in dietary diversity which is further narrowed by
public health strategies that emphasize technological options (supplementation,
fortification) that focus on a few staple crops rather than those based on indigenous and

traditional food systems (Frison et al., 2004).

Epidemiological studies support the benefits of a varied diet in relation to nutrient
adequacy, improved cognitive and physical function (Clausen et al., 2005) as well as
reduced risk of chronic disease (La Vecchia et al., 1997) and all-cause mortality (Kant et
al., 1993). In developing countries, where evidence is more scarce, links between dietary
diversity and human health have highlighted the contribution of indigenous foods,
including wild vegetables, to the traditional food supply base (Hatlay et al., 1998; Ogle et
al.,2001; Savy et al., 2005). Integrated within these food systems are a variety of

uncultivated fruits and vegetables, spices, herbs, masticants and dietary adjuncts that are



seldom considered in modern agricultural and nutritional surveys and intervention
programmes. Although quantitatively insignificant relative to dietary staples, these
impart a measurable health benefit as purveyors of vital nutrients and bioactive

phytochemicals.

Mounting evidence points towards various phytochemicals in fruits and
vegetables as the responsible agents for prolonging human lifespan (Agudo et al., 2007)
and reducing the risk of NCDs (Lock et al., 2005) including type 2 diabetes mellitus
(DM2) (Sargeant et al., 2001), cardiovascular disease (CVD) (Bazzano et al., 2002), and
cancer (Talalay & Fahey, 2001). That a greater variety of plant foods in the diet would
provide the necessary phytochemicals needed to stave off NCDs is an intuitive
assumption that is sorely lacking empirical evidence. The phytochemical composition of
most dietary plants, not to mention those of indigenous origin, is to a large extent
unknown and fraught with experimental and analytical inconsistencies. To date, no
method exists to quantify the functionality of foods or whether a relationship exists
- between the amounts or variety of functional foods in the diet and how this affects NCD

risk.

Papua New Guinea (PNG), a Pacific nation belonging to the Melanesian group of
islands, offers an ideal setting in which to investigate associations between dietary
diversity, the nutrition transition and NCD prevalence. Since independence in 1975,
socioeconomic shifts towards wage labour have influenced diet and other lifestyle factors
such that obesity and DM2 are now commonplace (Ulijaszek, 1993). One cultural group
in particular, the Wanigela, have received much attention after having been identified as
being especially susceptible to DM2 compared to culturally related groups surrounding
them. Of note is that both rural and urban Wanigelans have similar rates of DM2, despite
higher rates of obesity in the latter (Martin et al., 1980; Martin et al., 1981; Dowse ef al.,

1994), which suggests a genetic disposition towards insulin resistance.

The present dissertation offers empirical support that dietary diversity and
functionality, interfaced with agro-ecological and sociocultural factors, are more plausible
explanations that account for the disparate rates of DM2 observed in coastal Papua New

Guinea. A multidisciplinary ecosystems approach incorporating an epidemiological and
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laboratory element was employed to illustrate the potential benefits of indigenous food
functionality to NCD risk. Comparative dietary and ethnomedical analyses between
urban and rural Wanigela, and a culturally related semi-rural village, Kalo, located
equidistant between the two, revealed divergent plant use. Mangrove bean (Bruguiera
gymnorrhiza (L.) Lam.) is unique among the rural Wanigelans in that the starchy
hypocotyls form their primary staple. Noni (Morinda citrifolia L.) is a popular remedy
for a variety of ailments in urban Wanigela. Betel quid, a psychoactive masticant
comprised of areca nut (4reca catechu L.), pepper vine inflorescence (Piper betle L.) and
slaked lime (calcium hydroxide) is valued throughout the country, but due to religious
principle, is not chewed by Wanigelans. In Kalo, one of the most often cited traditional
remedies prescribed for an array of disorders is an infusion of the buds and young leaves
of guava (Psidium guajava L.). These plants serve as a model to illustrate the hypothesis
that reduced intake or outright elimination of certain indigenous traditional foods from the

diet of communities undergoing nutritional transition has consequences on NCD risk.
Study Objectives

The objective of this project is to demonstrate an association between reduced
exposure to functional dietary elements and increased risk of NCD. Specifically our

objectives are:

1. To determine sociodemographic predictors of dietary diversity and whether
dietary diversity is an indicator of nutrient adequacy and is associated with
fasting blood glucose, hypertension, obesity and visceral adiposity.

2. To develop a quantitative index able to predict dietary functionality and assess its
association with fasting blood glucose, hypertension, obesity and visceral
adiposity.

3. To investigate the insulin-mimetic and potentiating effects of selected plants and
relate findings to the health status of the community who uses them.

4. To assess the antioxidant potential of selected plants and whether this is related to
their ability to preserve endothelial integrity when confronted with
atherogenic/cytotoxic concentrations of oxidatively-modified low density

lipoprotein.



CHAPTER 2
LITERATURE REVIEW

DIETARY DIVERSITY AND HEALTH

With the exception of human breast milk in the first months of life, no one food
can provide all essential nutrients. This concept underlies the pervasive nutritional
recommendation of consuming a wide variety of foods, one of the principle elements of
food-based dietary guidelines established by several countries (Savide et al., 1997).
Japan, for example, has the most quantitative variety guidelines, which recommends
consuming more than 30 different kinds of foods each day. Greater food variety not only
ensures nutritional adequacy (Hsu-Hage & Wahlqvist, 1996; Hatlay et al., 1998), but has
been associated with decreased risk of mortality and reduced risk of chronic
noncommunicable disease (Kant et al., 1995). On the other hand, diversity in certain
selected food groups — energy-dense foods, for example — has been associated with body
mass index (BMI) and obesity (Kennedy, 2004; Ponce ef al., 2006). This underscores the
importance of moderation and balance, while requiring a refined definition of dietary

diversity and its measurement.

Although epidemiology indicates a strong inverse relationship between dietary
diversity and noncommunicable disease, no particular nutrient, food, or dietary pattern,
aside from hypercaloric consumption, has been consistently identified as a causative or
protective factor. Focused attention on fruits and vegetables suggest that this food group
may be the key to health assurance. A diet diverse in fruits and vegetables provides the
vitamins, minerals and bioactive compounds that offer both generic (e.g. antioxidant) and
disease-specific (e.g. insulin mimetic) effects that can plausibly reduce NCD risk (Bloch
et al., 1995). Low consumption of fruits and vegetables was estimated to be responsible
for 2.4%, 2.8% and 3.5% of the burden of disease in New Zealand (Tobias, 2001),
Australia (Mathers et al., 1999) and the European Union (National Institutes of Public
Health, 1997; Pormerleau et al., 2006), respectively. Although no attempt has been made

to estimate this contribution in developing countries, total worldwide mortality
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attributable to low fruit and vegetable consumption is estimated to be up to 2.635 million
deaths per year, or 1.8% of the global burden of disease. Ischemic heart disease and
ischemic stroke would especially be affected by increasing fruit and vegetable intake to
optimal levels, reducing the disease burden by 31% and 19%, respectively. The burden
of stomach, esophageal and lung cancer would also be reduced by 19%, 20% and 12%,
respectively (Lock ef al., 2005). Epidemiological studies have observed a decreased
incidence of DM2 in individuals who consume more fruits and vegetables (Colditz et al.,
1992; Feskens et al., 1995; Williams et al., 1999; Ford & Mokdad, 2001; Sargeant et al.,
2001). In the Nurses Health Study, risk of DM2 was inversely associated with vegetable,
but not fruit intake (Colditz et al., 1992), while the National Health and Nutrition
Examination Survey (NHANES I) found that a higher mean daily intake of both fruits and
vegetables provided protective benefits, even after correcting for body mass index, level
of physical activity, age, race, cigarette smoking and alcohol consumption (Ford &
Mokdad, 2001). Increased consumption of vegetables and legumes was inversely
associated with 2 h glucose level in a prospective study of middle-aged men (Feskens et
al., 1995) as well as with glycosylated hemoglobin (HbA ¢) levels in a cross-sectional
study of middle-aged men and women (Sargeant et al., 2001). This latter effect was not

explained by dietary fiber, and dietary or serum vitamin C.

As a diet-related disorder of glucose metabolism, the global burden of DM2
would doubtless be reduced with adequate fruit and vegetable intake, if only to reduce the
risk of late-stage cardiovascular complications responsible for the majority of DM2
deaths. Type 2 diabetes, with or without co-occurring obesity, is one of the first
metabolic diseases to surface from a dietary imbalance in indigenous populations of
developing countries (O'Dea et al., 1980), and for this reason, serves as an ideal focal

point for a review on the effects of dietary diversity and functionality on NCD risk.



DIETARY FUNCTIONALITY OF INDIGENOUS FOOD SYSTEMS

The concept of “physiologically functional food” originated in Japan from a 1984
systemic, large-scale national project aimed at exploring the physiological efficacies and
potential health benefits of antioxidant phytochemicals, digestion-resistant
oligosaccharides and bioactive oligopeptides, generally recognized as belonging to non-
nutritive compounds (Swinbanks & O'Brien, 1993). Recognition of food’s
pharmacological properties quickly lead to political action affecting functional food
development, commercialization, and marketing health claims, pioneered with Japan’s
“foods for specific health use” (FOSHU), and now part of the regulatory framework of
the EU, USA and Canada, among others (Health Canada, 1998). Agriculture and Agri-
Food Canada (Health Canada, 1998, Section 2.2) defines functional foods as:

“...similar in appearance to, or may be, a conventional food that is
consumed as part of a usual diet, and is demonstrated to have
physiological benefits and/or reduce the risk of chronic disease beyond
basic nutritional functions”.

The term “nutraceutical”, often used interchangeably with functional foods, is
used to describe a product isolated or purified from food rather than the whole food. In
this dissertation, functional foods refers to unaltered, unprocessed foods, including
probiotic bacteria from fermented dairy products, prebiotics (substances that promote
growth of certain bacteria), fish, and certain alcohols (wine, beer and cider) even though

the term in the broader sense encompasses fortified, processed or engineered foods in

which functional ingredients have been added.

Relevant to the field of functional food science but beyond the scope of this
review is the application of genetic information to assess dietary functionality at the
mRNA and/or protein level by transriptomics and/or proteomics. The emerging field of
nutrigenomics will help define individual genetic responses to functional elements. For
example, some food consumers with a single nucleotide polymorphism in the gene for -
oxidation have an expression product, W64R, that is no longer able to interact with the
ligand adrenalin (Kagawa ef al., 2002). In such cases, the adrenalin inducing

phytochemical capsaicin from chili peppers would not be able to elicit its ability to reduce



obesity through body fat oxidation. Nutrigenomic research will not only enable
personalized nutrition but will clarify the link between diet and differential subgroup

susceptibilities to degenerative diseases (Arai, 2005).

Traditional diets, usually characterized by foods considered less palatable and
potentially more toxic than modern foods, are important sources of essential nutrients and
functional phytochemicals. Moreover, wild and cultivated species of herbal medicines,
beverages, masticants and supplements, often neglected by modern nutritionists, are
unquestionably related to nutritional adequacy. In this context, the functionality of such
underutilized and/or little-known dietary elements may have more relevance to human
health than their nutritional qualities, and may have serious implications for diseases of
basic metabolism. As with carbohydrates, protein, fats, vitamins and minerals, non-
nutrient phytochemicals have been a part of human dietary history, and are increasingly
recognized as significant mediators of health and physiology (Johns, 1996). These may
elicit a physiological effect in their own right, or affect the digestion, absorption and
metabolism of other nutrients as to influence their bioavailability and bioactivity.
Humans have had to adapt to various environmental conditions via genetic, physiological,
behavioural and cultural mechanisms, in order to meet dietary needs and maintain
physiologic homeostasis (Ulijaszek, 2002). Humans display a degree of phenotypic and
genotypic plasticity, such that dietary patterns can vary significantly, for example from
the high protein, high fat diet of the Inuit, to the low protein, low fat diets of PNG
Highlanders. Rapid divergence from such nutritional adaptations may have detrimental
consequences, as can be observed in rapidly modernizing nations who are experiencing
rapid increases in chronic disease prevalence. On the other hand, nutritional adaptation is
a continuous process, and Diamond (1992) claims that genetic adaptation to Western

high-sugar diets has already developed in various Pacific Island populations.

Noncommunicable diseases have a multi-factoral etiology and do not arise from
changes in single factors. The importance of phytochemicals in such processes is difficult
to conceptualize due to complex interactions with nutrients, non-nutrients and other
environmental factors (Johns, 1996). Long-term exposure to specific non-nutrient

phytochemicals elicits different forms of adaptive mechanisms in order to detoxify,



metabolize, excrete or incorporate particular compounds. It is therefore likely that
changes in non-nutrient phytochemical intake affect dietary homeostasis and disease
progression through disruption of the balance between humans and the chemical
environment to which they are genetically adapted. The role of functional
phytochemicals in NCD is shadowed by the quantitatively more important nutrients, but
as mediators of human geneﬁcs and metabolism, their absence or presence must be

considered when contemplating human dietary ecology.

Traditional diets are considered protective against NCD development, due in part
to their higher diversity in fruits, vegetables, course cereals and root crops. In Australian
Aborigines, a temporary 2-week reversion to a traditional diet resulted in small but
significant improvements in glucose tolerance and insulin response (O'Dea & Spargo,
1982). Reversion to a traditional lifestyle for 7 weeks resulted in marked improvements
or normalization in carbohydrate and lipid metabolism in diabetic Australian Aborigines
(O'Dea, 1984). In contrast, conversion from a traditional to an affluent diet for only 5
weeks had detrimental effects on weight, plasma lipids and lipoproteins levels in
Mexico’s Tarahumara Indians (McMurry et al., 1991). The protective effects of
traditional diets against noncommunicable diseases has been attributed in part to its
similarities with the dietary behaviour of Paleolithic humans — the nutrition on which
Homo sapiens survived and evolved since their appearance on Earth about 100,000 years
ago (Eaton & Konner, 1985). Paleolithic nutr