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Abstract

Nutrition-related chroniaiseases are driven by external factors such as environmentak; socio
economic and political factoiia Australia and New Zealand. These external factors determine
food accessibility, availability, and affordability, ultimately shaping the food environameint

diet, imposing substantial health and economic loss with inconsistencies between indigenous
and nonindigenous populations. These factors need to be understofmbd science and

technologyinnovationscan be msertedo create a solution.

The objectives of this scoping review were to examine what and how current technology in New
Zealand and Australia is being invested imbprovenutrition andreducechronic disease and
to inform where research is required by itignng gaps in the literature. This scoping review

followed the 2020 JBI scoping review guidance and the PRISdAuidelines.

11 studies were included in the review and grouped by the population researched as either
healthy or atrisk and then into suthemes of nutrition biomarkers. Results showed current
food science and technology innovations focus on fortifying and supplementing everyday food
products, including bread, noodles, spread and biscuits with nutraceuticals and functional
foods such as cucmi n pol yphenol glucang, wegdtablestaadr fish o , 0a:
through welresearched nutraceutical activities. These innovations aim to reduce the risk of
chronic disease by improving nutrition biomarkers such as glucose tolerance, insulin
sendiivity, inflammation, appetiteHbAlc and lipid parameters in healthy and-ask
populations. However, current innovations do not consider external drivers of chronic disease
or Nl&hd indigenous populations. When analysing future innovations, these factors need
to be considered, and the target populationstbe identified as differing responses were found

depending on the population studied.

This scoping review has highlighted the need for plant and food research and development
companies to focus on emerging trends, including personalised nutrition and nutrigenomics,
plantbased foods, sustainable food systems, vertical farming and nuttifronaunology.

These fields are new and complex, and if invested in, New Zealand and Australia could be
amongst the first to implement these trends. These innovations can sucaeskiatighronic
disease by making healthy and sustainable diets moreablailaccessible and affordable,

thus improving diet factors and chronic disease.
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Introduction

CHAPTER 1 Introduction

1.1 Thesis overview

The format of this thesis is in line with the University of Auckland guidelines for thesis and
dissertations. Chapter one includes an introducbankground, problem statement, research
guegions, andthe significance ofthis research Chapter two is a literature review that
summarises and evaluates the literature supporting the scoping reviews purpose and aim of the
research. Chapter three describes the specific methodology usediesk project. Chapter

four presents an overview of the key findings and data from the research. Chapgtesdivees

what the data means and what can be drawn fromethdts,including gaps in the literature

and implications for future research. Chapgiee also includes study limitations. Chapter six

is a conclusion entailing the main summary of the overall scoping review and key findings.
Chapter six also includdanding sourcefrom the articlesisedin the scoping review and the

authors involved ihis research.

1.2 Theoretical framework

This thesis investigataghat factors contribute to chronic disease in Australia and New Zealand

and how food science and technolagyimprove health

New Zealan@ and Australia'®xternaldrivers of chronic disease are environmental, political,

and socieeconomicdrivers Eachdriveris complex and needs to be accounted for to reduce

the chronic diseaseburdéhr i ver s of chronic disease influe
food enviroomentand diet by determining theg®pulationsfood accessibility, availability,

and affordability.

Nutrition can enormously impact the risk of developing obesity, metabolic syndrome, and
nutrition-related chronic diseases. This means that chronic diseas be prevented or
enhanced due to nutritioilements of the dighat pose the most significant risks ateyar

fat, sodiumfruit and vegetabledV), ultraprocessedandfastfoodintake. New Zealand and
Australian populations are not meeting recommendations for any of these factors, indicating

that diet should be considered when seeking to improve chronic disease prevalence.

The most prevalent chronic diseases in New Zealand asttalia arecardiovascular disease

(CVD), cancer, chronic respiratory disease, and diabetes mellitus. Chronic diseases
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significantly contribute to health loss and mortality in New Zealand and Australia. An
enormous cogk associated with chronic diseastiich imposes aignificant financial stss

on the health care systems well asndividuals and families with chronic disease. Chronic
disease prevalence is inconsistent between indigenous asiddigenous populations in New
Zealand and Australid&igure1-1 maps the theoretical framework which aided in conveying

the information in ts scoping review.

Theoretical Framework

Nutrition Outcomes

I Diet

Environmental Drivers What factors are contributing - sugarintake

Clmate change toill health? - Fastfoad .. How can nutrition contribute
- Sedentary lifestyle "

Fat intake ™. toimproving health?

Drivers of Chronic Disease

Political Drivers
Agricultural & Food
policy
Tax subsidies
Global nutrition targets

Factors for current diets

Socio-economic Drivers

- Socio-economic status
Income
Employment status
Education
Social cohesion
Housing
Urbanisation and
Modernisation
Eating habits

« Biological determinants such as
hunger, appetite, and taste

+ Economic determinants such as cost,
income, availability

* Physical determinants such as
access, education, and time

* Social determinants such as culture,
family, peers and meal patterns

* Psychological determinants such as
mood, stress and guilt

« Attitudes, beliefs and knowledge
about food

* Food environment and food supply
chain such as production systems,
food security, retail and marketing.

Processed food
Sodium Intake
Fruit and vegetable

£y

intake
A

Chronic Disease

- Cardiovascular disease
Cancer
Chronic respiratory
disease
Diabetes
Obesity & Metabolic
syndrome

* Increase fruit consumptien

* Increase vegetable consumption

* Increase whole grain consumption

* Reduce consumption of added sugars

* Reduce consumption of saturated fat

+ Reduce consumption of sodium

* Reduce consumption of fast food and
ultra-proecessed food

Future Trends |
v

Demographic drivers
Changing age profiles

Health

- Economic burden
Health loss
Ethnic inequities
Population
demographies

New plant-based foods
Sustainable food processing
systems

Nutritional Immunology
Nutrigenomics and Personalised
Nutrition

Urban Farming

Fortification and supplementation

Ethnic differences

Figure 1-1 Theoretical framework.

1.3 Diet factors of chronic disease

Environmental, political and socieeconomic drivers influence populati@nsurrounding
environments and contribute towards populations' diéésn aspects of the diet that have been
shown to contribute the strgaest to chronic disease anggar intake, fat intake, sodium intake,
FV intake, and ultra-processed andastfood. These diet factors are an outcome of food
accessibility, availability andffordability, influenced by external factofBigure1-2) (Larson

et al., 2020QLoth et al., 201k

These dietaryactorscan increase the risk of developing metabolic disorders and, eventually
metabolic syndrome, further increasing the risk of chrdiseasd€Figure1-2) (Afshin, Sur, et

al., 2019. It is essential to understand the curiirttrends in New Zealand and Australia for
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these nutrients and food trends to identify where technasogguiredo improve the nutritio

in these populations.

Diet Factors Metabolic Disorders

Fruit and Vegetables insulin Resistance

Sugar
Fat Hypertension

Metabolic Chronic
Sodium Syndrome Disease

Dyslipidemia
Ultra-processed & Fast-food

i Central Obesit
Sedentary Lifestyle entral Obesity

Energy Consumption

Figure 1-2 Relationship between dietary outcomes and metabolic disorders.
1.3.1 Sugar

Sugar has no nutritional value and lacks micronutri@Bisbeling et al., 2003 Therefore,
consuming ehighrsugardiet is less likely to meet dietary requirements and adds excess energy
to the diefEbbelinget al., 2003. In a metaanalysis and systematic review, dietary sugars and
sugarsweetenetheverages3SB were a determinant of body weight and excess energy intake
(Te Morenga et al., 20}).3

Added sugar is of particular interest due to containing high amounts of s{Etdssing et

al., 2003. Added sugar does not occur natyradind is added to food and drinks during
processing opreparation Foods high in added sugar tend to have a modbigieglycemic

index @GI) due to higher concentrations of sucr¢&bbeling et al., 2003 This means that

added sugar can cause a high glucose load on the body affecting glucose tolerance and
increasing the riskf type 2 diabetes mellitug2D) developmen{Malik et al., 2010Ra h e | i |
etal, 201}

Increased sugar intake has also been correlated with other chronicshsehses heart disease

(Huang et al., 2004 A review of the literature investigating the link between heart disease and
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sugar concluded that sugar could have a detrimental efiettolesteol which can determine
heart disease risfoiNicolantonio et al., 2016 The review also found that replacing fat with

sugar increased the risk ©¥D (DiNicolantonio et al., 2016

TheWHO recommends that sugar is less than 10% of energy intak@{SQgar per dgyand

less than 5% of energy intake for better health for adults and chi(@venld Health
Organization, 2016 These recommendations concentrate on added sugar and exclude sugar
from milk andFV (World Health Organization, 2015 Dietarytrends in New Zealand show

that only 42% of adultsonsumédess than 10% daily energy from sugkibblewhite et al.,

2017). This infers that even fewer people would meet the recommended less than 5% to reduce
the risk of chronic diseag&ibblewhite et al., 201)7

In Australia, there has beenlghkt decline in added sugar consumptioom over50% in1995

to less than 46% ire01112 (Australian Bureau of Statistics, 2011n 1995 over half of the
Australian population did not meste WHO recommendationfor added sugar intak&esults

from 201112, only 46% of Australians are over thM#HO recommendationgAustralian
Bureau of Statistics201]). Although Australia has seen a decrease in added sugar
consumption, the population still consumes approximately 10.9% of their daily energy from

added sugar which is over the recommenddtarstralian Bureau of Statistics, 2016

SSBconsumptiorhas been thoroughly investigated due to containing such high amounts of
added sugar. Results have shown that SSB consumgpiggificantly impactsenergy
consumptiorand risk of obesity anthetabolic syndroméMalik et al., 2010 Schulze et al.,
2009). Resultandicatethat there have been minimal affective changebkésugar content of

SSB in New Zealand over the years despite reduction recommenddgddasi et al., 202)L
Australia has only seen a 7% decrease in sugar in drinks between 1995 ad@ @dsiralian
Bureau of Statistics, 2016

New Zealand and Australia exceed sugar intake recommendations and minimal interventions
have been implemented to reduce swugasumption. These findings indicate that sugar in the

diet could impact chronic disease prevalence in New Zealand and Australia.

1.3.2 Fat

Dietary fat intake is correlated with cholesterol. It has been shown that pdupt®nsume a

high amount of saturated tfdhave more elevated total choleste(dlC) and low-density
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lipoprotein cholesterol(LDL -C) than those who consumesgesaturated and total fétaw,

2000. Dietary fat intake is strongly associated with the development of chronic disease.
Saturated fat intake is strongly associated @D due to the relationship betwe&g, LDL -

C andCVD (Hooper et al., 2001

Blood pressure, cholesterol and obesity eritical factors in developing metabolic syndrome
and chronic disease. Therefore, dietary fat intake is a risk factdl fmalth. A systematic
review of dietary fat intake and metabolic syndrome in adults found that recaatimgted
fatty acids(SFAs) can decrease the risk of metabolic syndronmemwreplaced by specific
nutrients such asnonounsaturated fatty acidMFAs) and polyunsaturated fatty acids
(PUFAs) (Julibert et al., 2019 This emphasises that the type of fat consumed shouliebe

focus rather than decreasing total fat intake.

Less than 10%f daily energy fronBFAis recommended for the New Zealand and Australian
populations New Zealand has a high intake of saturated fat and a low intake of unsaturated
fats. AlthoughSFA intake has decreased since 1989, New Zealand is still well over the current
recommendationgMiller et al., 2016. In 200809 the median daily intakef SFA was
approximately 13% addults' daily energy intak@inistry of Health, 2011 PUFAintake has

not changed between 1997 to 2diBat about 5% of the diet, which is relatively low compared
tothep o p ul at iinbake@venist®y BfAdealth, 201)L

Fat intake in Australiansodo di42AstrdianHeattot bee
Survey (Australian Bureau of Statistics, 2011Results showed that over etierd of the

popul ationés tot al ener gy c o3%FA UThsendicawsatlsat di s cr
people could be well over the recommendation of less than 10% daily érerg$FA. This

samesurvey showed that fats and oils were consumed by only 46% of the population, most of

which was saturated fat.

1.3.3 Sodium

Sodium intake is arucialtargetto reducechronic diseaseutcomes Sodium plays a role in
CVD by increasingblood pressuréFarquhar et al., 20)5Hypertension has been shown to
affect those with diadtesmellitusand a salt reduction could reduce this efféetdstein, 2002
Horikawa & Sone, 201)7 Sodium intake igssociated with an increased incidence of gastric

cancerandtherisk increasesvith consumptionlevelD 6 EI i a e Geetdl., 2012 201 2
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Sodium intake is avelated with an increased risk of obesity, mainly dueSBconsumption,

and consumption is higher in those overweight or obese independent of energy intake
(Horikawa & Sone, 20L'Ma et &, 2015. Sodium intake has been associated with metabolic
syndrome by affecting insulin resistance and blood pressure. A recentamadyais of
observational studies revealed that those with metabolic syndromesigaifecantly higher
sodium levels than healthy contr@Soltani et al., 2019 Therefore, sodium intake can be a

predictor of metabolic syndrome.

New Zealan and Australiads s uspduesnadeld isd00enigaayy ¢t ar
equivalent to approximately one teaspoon @dlinistry of Health, 2012 The WHO also
recommends a population average be less than 2,000m@yMayd Health Organization,

2012. Although there is minimal data available on sodium intake in New Zealand, it has been
estimatedhatthe population consumes 3,500wfgsodium per day which is 70% higher than

this recommendatiofSkeaff et al., 203 A u s t r al2 HeabhsSurnzy revkaled the

adult populationconsumes approximately 2,400nof sodium intake from food per day
(Australian Bureau of Statistics, 201However, this did not include salt added to food. A
reported 64% of the people surveyed said they added salt to their food during prepagition o

the tablg/Australian Bureawf Statistics, 201)1 This will push the o p u | a&ddiuno intake

over the recommendations set.

1.3.4 Fruit and vegetable

FV intake is another nutritierelated risk factorfor chronic disease. An increasdeV/
consumption can reduce blood pressure and impvaseular function, reducing the risk of
CVD and mortalityyChapman et al., 20)616 cohort studies were included in a metaalysis
(Wang et al., 2014 It was found that increas&¥ of up to five serves per day decreased the
risk of mortality, especially fo€vD (Wang et al., 2014 Studies have shown tha¥ intake is
weakly associated with a reduced risk of diabetedlitus A systematic review and dose
response metanalysis of cohort studies concluded a decreased riskfvhen compang

low vs high intakes ofV. They found that subtypes BY were associated with reduced risk.
Still, others imposedraincreased riskf T2D, inferring that the subtype 8% consumed should

be considered rather thak intake in generglHalvorsen et al., 2031

Cancer andrV consumption has beeromtroversial and may only be associated with an

elevated risk wheirv consumptions very low (P Terry et al., 2001 A metaanalysis has
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shown that a higher intake 8% of up tofive serves per day decreased the risk of mortality
(Wang et al., 2021 Cancer,CVD and repiratory disease risk were also the lowest when
participants consumed two servings of fruit and three serves of vegetables per day. However,
starchy vegetables such as potatoes and corn were not associated with a decreased risk of
mortality (Wang et al., 2021

FV consumption also relates to metabolic syndrome, which may be an underlying factor
causing chronic disease risk. A systematic review and-aretlysis of observational studies
found a doseesponse relanship between fruit intake and risk of metabolic syndrome but not
vegetable intakéLee et al., 2019 However, another metnalysis found that intake of
subgroups of vegetables such as green leafy vegetables ang yelyetables showed a
healthier food pattern and decreased risk of metabolic syndiRotriguezMonforte et al.,

2017).

In Australia,FV intake is well below the recommendations of five servings of vegetables and
two servings of fruit per day. Between 2007 and 2018, theoptiop of the adult population
meetingFV intake has remained the same at aboub2% of the population not meeting the
recommendationgAustralian Institute of Health and Welfare, 201%Vhen considering
vegetable intake on its own, 94% of the adult population did reat wmegetable guidelines
(Australian Institute of Health and Welfare, 2019

In New Zealand, it is recommended to consume at least three servings of vegetables and at
least two servings of fruit per dgMinistry of Health, 202 The percentage of the New
Zealand population meetimgy recommendations decreased between A21tb 202621. The
percentage of the population meetifigit recommendations has dropped from 58.5% to
48.2% andmeetingvegetableecommendationisas fallen from 68 % to 50.9%. Meetingpoth

FV intake has fallen from 44.5%meetingFV recommendationso a disappointing 30.1%
(Ministry of Health, 202}

It is clear Australia and New Zealand aign#ficantly belowFV intakerecommendations and
this could be imposing a significant dietary risk factor for chronic disease burdeathn

countries.
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1.3.5 Ultra-processedand fastfood

Ultra-processed foods are highly modifiethd undergo multiple processes and adding
ingredients to develop the food product. These types of food are createdaw-best
convenient and palatable to enhance consumer popularity and consu¢haiteiro et al.,
2019.

Diets high inultra-processed foods have been shown to promote obesity and chronic disease
due to nutrition concerns such as increased ene®gp content, low fibre and low
micronutrient conten{Ludwig, 201). These aspects influence high portion sizes and an
increased glycemic load wittihe consumption of ultrgorocessed food@_udwig, 201). A
systematic reviewf ultra-processed food consumption showed theteased consumption of
ultra-processed food is associated with all five metabolic disorders that define metabolic

syndrome, chronic disease andaduse mortalityMullen, 2020.

Fastfood traditionally contains highly processed components hmiglodium, sugaSFA, and

energy. This reflects a Western dietary pattern that has been found to increase the risk of
metabolic syndrom@Asghari et al., 201;5RodriguezMonforteet al., 201Y. A dietary pattern
reflecting high fasfood consumption is involved in chronic disease risk, especially diabetes
mellitus and CvD (Bahadoran et al., 2015Fastfood drives an unhealthjifestyle by
decreasing th&#equency oimeals cooked at homehich has been shown to lowtbe quality

of the dietand increase the famcial burden of purchasing fo{élackay et al.2017).

The level of processing in packaged food products in New Zealand supermarkets was
examined, and results found that most of these foods wereputitassed. Highly processed
packaged food had a lower nutrient profile and was cheaper to purchase thandesseaul

packaged foodg¢Luiten et al., 201p Fastfood meals in New Zealand have been shown to

provide 88.6% of daily sodium recommendations and over half of daily energy
recommendation@Mackay et al., 2021 New Zealandfast ood pr oduct s6 energ
increased oer the past five years, contributing to poor nutritional intake. A larger portion size
means increasexbdium, saturated fat and added sugar consumipti@stfood mealgEyles

etal., 2018

In Australia,ultrapr ocessed foods contribute the-highes
processed foods in Australia have also been shown to drive excesinsaigaiMachado et

al., 2020. A similar study also found that intake of ulfveocessed foods was correlated with
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increased trans and saturated fat, sodium and diet energy défettyado et al., 2030The
study of fasfood consumption in Australian school studeimsnd that approximately 40%
consumed fasfood at least once a weedkastfood intake was associated with a low intake of
FV and a higher intake &SBs (Scully et al., 202D

Thesefastfood and ultrgprocessed food trends are increasing New Zealandhand t r al i a 0 s

energy, fat, sugar and sodium intalkejsdriving chronic diseasprevalence.

1.3.6 Sedentarylifestyle

It has been shown that physical inactivity and a sedentary lifdsaylebeen independently
associated with an increased risk of chronic dis¢admiraal et al. 2011, Cadilhac et al.,

2011 Reddigan et al., 20}1A sedentanylifestyle and physical inactivitgreassociated with
therisk of metabolic syndrom@&dwardson et al., 20)2Exercising has been investigated in a
metaanalysis, and results have shown that exercising can improve metabolic outcomes in
people with metabolic syndrome. However, the intensity xdr@se required was not
establisheqOstman et al., 20} 7Studies have shown that increasing physical activity by only

10% can reduce annual expenditure on hd@altdilhac et al., 20)1

Recommendations for physical activity New Zealand and Australexreto be active most

days of the week and consist of moderate (2.5 hours per week) and vigorous physical activity
(2.25 hours per week). Musettrengthening exercises are also recommended at least two
times per weekDepartment bHealth, 2021¢Ministry of Health, 202

The annual update of key results in the 2@20New Zealand Health Surveshowed that
physical activity leveldave barely changed over the past de¢Mieistry of Health, 202}

Over half of New Zealand adults were classified as physically active, 34% were insufficiently
physically active, and 13% undertook little or no physical activity per wbeRistry of
Health, 202).

Research has shown that more than half of Australian adults do not meet the recommended
physical activity guidelinegAustralian Bureau of Statistics, 2Q1Department of Health,
20219. Approximately 44% spend their working day sitting, making it challenging to meet
these recommendatio(&ustralian Bureau of Statistics, 2011

A sedentary lifestyle on top of poor diets is yet another factor contributing to chronic disease

in New Zealand and Australia that is not improving over time.
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1.3.7 Summary

New Zealand and Australia populations' diets ligh in sugar, fat, sodium, ukpaocessed
food and fastood and low inFV and physical exercise. These unhealthy eating habhds
external drivers in the surrounding environmiemin a detrimentakcombination that increases
metabolic syndrome and nutritioelated chronic diseasesk (Figure1-2). When considering
innovations to reduce chronic disease, the influence innogdtae on diet factors should be

considered for the transition towards healthy and sustainable diets.

1.4 Chronic disease

Chronic disease accounts for 71% of deaths globally. Chronic disease is defined in numerous
ways, all with a similar consensus that chronic disease is progressive and decreases the quality
of life substantiall(World Health Organization, 202 LIFigure 1-3 showsthe definitions of

chronic diseaséAnderson, 2010McKenna & Collins, 2010World Health Organizain,

2021h.
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Non-
communicable

(McKenna &
Collins, 2010)

Slow
development
(World Health
Organization,

playkls)

Decreases
quality of life
(Anderson,
2010)

Chronic

Disease

Requires Prolonged
ongoing course of illness
medical care (World Health
(Anderson, Organization,
2010) 2021b)

Figure 1-3 Definition of chronic disease.

Many <conditions can be placed underCVvbhe ter
cancers, and chronic respiratory disease are the most prevalent chronic diseases worldwide
They will be included in this literature reviegWorld Health Organization, 202)Lb

A consistent theme between cancer, chronic respiratory dis&4Be.and diabetes mellitus is
they share similar nutritienelated risk factors. These nutritioelated risk factors can also be
termed metabolic disorders, which can lead to the development of megaliomegFigure

1-4). Metabolic syndrome is a causative factor for most chronic dis@asesdy, 20080'Neill

& O'Driscoll, 2015. Metabolic syndrome is categorised as having three or more metabolic
disordergFigure1-4) (Grundy, 2016Rao et al., 2014
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Central
obesity

(waist circumference
2102 cm in males,
=88 cm in females)

4

Insulin M H Dyslipidemia
. etabolic
el - « (triglyceride level
(fasting blood Syn d rome 2150 mg/dL (1.7
glucose 2100 mg/dL) mmol/L)

t*

Hypertension

(systolic 2130 and/or
diastolic 285 mmHg)

Figure 1-4 Metabolic disorders present in metabolic syndroméAlberti et al., 2005 Grundy, 2016).

There is minimal information on the prevalence of metabolic syndrome in New Zealand.
However, the prevalence in Pacific and Wb poipulations has been investigatd&tesults
showed thaMU o anil Pacific populations had a significantly higher incidence of metabolic
syndrome than New Zealand Europeffsend et al., 201,3Gentles et al., 200 Grant et al.,
2008.

A survey of 11,000 Australiarevealed that 13% to 30% of the population had metabolic
syndromedepending on thdefinition usedCameron et al., 200.7This wide range indicates
that defining metabolic syndrome is challenging, and it is hard to estimate whattioropbdr
populations havé.

1.4.1 Prevalence of chronic disease in New Zealand and Australia
1.4.1.1 Diabetes mellitus
Type 1 diabetes mellitug {D) occurs when the body does not produce ing#ltkinson et

al., 2014 Bluestone et al., 2®; Todd, 2010. T2D occurs when the body does not produce

12
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enough insulin or des not recognise insulin, causing high blood sugar I¢Gélstterjee et al.,
2017 Olokoba et al., 2002 Thi s happens -cddysfunttion apdansutir eat i c
resistance in the target orgg@&hatterjee eal., 2017 Olokoba et al., 2012

A global burden of disease report revealed that health loss from diabetes mellitus hasdncrea
from 1.6% in 1990 to 2.6% in 201&lobal Burden of Disease Collaborative Network, 2021

The incidence of diabetes mellitus is predicted to grow tremendously, and by 2030 an estimated
400 million people will hav&2D worldwide (Wild et al., 2004.

Diabetes mellitus prevalence in New Zealand has stayed relatively stable over ifs/pass.
Most recent survey data shows ditds mellitus prevalence is 5.5% of the population,
estimated to be 226,00 aduftdinistry of Health, 202). However, it has been reportdtht

by 2040, 7% of the total population (approximately 430,000 people) will maie(Price
Waterhouse Coopers, 2021

Diabetes mellitus prevalence is also increasing in Australia. Data released stated that
approximately 1 in 20 Australie had a form of diabetes mellitus, and 4.1% of the population
suffered from T2D in 20118 (Davis et al., 2018 The prevalence of diabetes mellitus has
increased from 3.3% in 2001 to 4.9% of the total population in-2@1@Australian Institute

of Health and Welfare, 2018). A predictédo million Australianswould have diabetes

mellitus if current trends continy#agliano et al., 2009

The predicted increased prevalence of diabetes mellitus in New Zealand and Australia has been
influenced by increased obesity rates. The maxstnt New Zealand Health Survey found that

34% of adults were obese, which increased by 3% from the prergauVinistry of Health,

20217). Obesity trends in Australia are also growing, with approximately 30% of dwhittg

obese (Australian Institute of Health and Welfare, 2020d). Obesity has a significant role in a
triad of factors that cause metabolic syndrofpesprés & Lemieux, 20Q0&ngin, 2017
Tchernof & Després, 20)3Metabolic syndrome has been shown to contributiegtimcreased

risk of T2D in numerous revigs solidifying its position in the development of chronic dissase
(Eckel et al.2005 Ford et al., 2008Wilson et al., 200b

1.4.1.2 Cardiovascular disease

CVDs are a group of heart and blood vessel disorders that can increas& tf heart attack
or stroke(Gaziano et al., 2006The health and independence re@920 reported thaZVvVD
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accounted for 15.1% of all health loss in New Zeal@nhistry of Health, 202p Ischaemic
heart disease and stroke are the lea@¥@s in New Zealand. Stroke prevalence in 2083
was 1.6% of adults, and this prevalence has not varied over théQogsars(Ministry of
Health, 2022 In 201718, in Australia, 6.2% of the population suffered from heart, stroke, or
vascular diseas@ustralian Institute of Health and Welfare, 2021lth 2019 the government
reported that 25% of all deaths wergedoCVD (Australian Institute of Health and Welfare,
20219.

Numerous metanalyses have shown metabolic syndrome can significantly increase the
development oCVD (Galassi et al., 20065rundy, 2016Lakka et al., 2002Mottillo et al.,

2010 Qiao et al., 2007 One review showed that metabolic syndrome could double the risk of
CVD and a 50% increased risk of-ahusgMoattillo et al., 201(. A decreasing trend @VD

is seen in New Zealand and Australia, and the two countries have similar rates. However, an
increasing number of those risk of developingcVD globally (Dahléf, 2010Q. The main risk
factors associated witBVDs is nutrition related. Nutritiosrelated risk factors connected to
CVD are cholesterol, overweight or obesity, smoking, diabetes mellitus and high blood
pressureAll thesefactorsareinvolved in developing metabolic syndrorfigerry et al., 2012

May et al., 201}

1.4.1.3 Cancer

Cancer is a group of chronic diseaseswhert he bodyés cell s divide
(Sung et al., 2021 Cancer can cause tumours, damage the immune system, and often be fatal.
All cancers combined are the leading cause of death worlduadeal et al., 201Bung et al.,

2021).

Over the &st decade, the mortality rate for all cancers has declined in New Zealand and
Australia (Australian Institute of Health and Welfare, 202Ministry of Health, 2021 In

20171 8 , 1.8% of Australiads population suffer
countrybés tot al di sease burden. Al t hough <ca
number of people living with cancer, indicating that cancer is not being treateithebut
management of cancer has improvehlis means that the disease burden i lountries is

expected to rise in the futufAustralian Institute of Health and Welfare, 20R1a

Common nutritiorrelated cancer risk factors areesweight or obesity from a diet high in
SFA, sugars and processed fod@ossus & Kaaks, 200&ey et al.,, 2001 Australia has
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estimated ngal y hal f of the countryds cancer burde
(Australian Institute of Health and Welfare, 2021b A r evi ew of New Zeal
factors contributing to colorectal cancer incidence has shown consuming processed meat,
smoking, obesity, and physical activity can significantly impact the incidence of colorecta

cancer in New Zealan@Richardson et al., 20)6

It is now evident the insulin resistance and the role of indikngrowth factorl (IGF-1) seen

in metalmlic syndrome can play a role in several types of cancer development such as
colorectal, breast, endometrial, pancreas and (€atle & Kaaks, 2004Hernandez et al.,
2015; Uzunlulu et al., 2016

1.4.1.4 Chronic respiratory diseases

Chronic respiratory diseases are diseases of the airwaystraictres of the lungworld
Health Organization, 202).aThe most common respiratory diseases are chronic obstructive

pumonary diseaseBMI: body mass index

COPD), asthma and bronchiectag/orld Health Organization, 202laAsthma is more
prevalent in children, with 15.5% of New Zealand children having asthma and on medication
in 2020 (Ministry of Health, 2022 Respiratory disease is the third most common cause of
death in New Zealand and has one of the highest hospitalisation rates compared to other chronic
disease¢Telfar Barnard, 2021

BMI: body mass index

COPDprevalence in Australia was estimated to be 2.5% of the population and was the fifth

leading cause of death in 2018. In Australia, hospitalisation rates ®KI: body mass index

COPDwere the highest compared to other chronic disd@aedralian Institute of Health and
Welfare, 2020h

Rates oBMI: body mass index

COPD have been decreasing over time which has been attributedeiuction irsmoking
rates(Australian Institute of Health and Welfare, 20R0dowever, there are periods when this
incidence has fluctuated, and smoking rates do not reflect this pattern. This inglicatessk

factors @e associated with respiratory diseases, such as being overweight or obese caused by

poor diet(Australian Institute of Health and Welfare, 20R0c
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Met abolic syndr omes® r atibnseis nohas cldanutcasCVR and e s pi r

diabetes mellitus; however, a systematic review showed a correlation between metabolic

syndrome an®MI: body mass index

COPD mainly due to central obesity and hyperglycemia disor(leebron Lipovec et al.,
2016. There is also evidence that metabolic syndrome can be a risk factor for respiratory
disease through systemic inflammation aptysical inactivity (Watz et al., 2000
Overconsumption of energy can drive obesity and increase the risk of chronic respiratory
disease and adverse outcor(@gerra et al., 2002'Donnell et al., 201;Feeters et al., 2003
Poulain et al., 2006 There is also an increased mortality rate if underweight due to the
increased energy requirement in chronic respiratory diséaseer et al., 20QFlegal et al.,

2007 Schols et al., 2005Minimal literature onthe exact nutrients that increase the risk of
chronic respiratory diseasesists Still, literature has revealed that chronic respiratory disease

is affected by overall engy consumption.

1.4.1.5 Summary

Diabetes mellitusCVD, cancer and chronic respiratory disease are prevalent in New Zg@aand
and Australié@ populations. Reviewing the literature revealed a strong relationship between
metabolic syndrome, obesity and the development of chronic disease prevalence, which has
already been discussed to have a high correlation with diet factors influenced bydhe foo
environment. Chronic disease affects poor health outcomes, including health loss, ethnic

inequities and economic outcomes, all driven by external factors.

15 Societaloutcomes from chronic disease

Chronic disease contributes significantly to health lasd economic outcomes in New
Zealand and Australia. Chronic disease can disproportionally affect different populations, so it
is vital to investigate the differences in health outcomes betwéen ¥hd noan MU o in New
Zealand and indigenous and rimdigenous people in Australia in chronic disease before
discussing future researdh.is essential to consider the impact of chronic disease on health

outcomes and ethnicities within these countriesciueve a greater understanding
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1.5.1 Healthloss

The impactof chronic disease on Australia and New Zealand be looked at from the
perspective of health | oss. Heal th |1 oss is t
health. A way to measure disease burden and healtis logsssessing disabiligdjusted life

years DALY s). Chronic disease contributes approximately 16[DA0DY s per 100,000 people

in 2019 (Global Burden of Disease CollaboraiWetwork, 202). These numbers have had

minimal change since 2015. Chronic diseases are among the top 10 contributors to health loss
worldwide (Global Burden of Disease Collaborative Network, 202Chronic disease
comprises 80% of New Ze do$sqGlodal Burdeh ofADissase a |l i a
Codlaborative Network, 2021 DALY s from dietary risks are the secemighest risk factor in

New Zealand and the thiftighest risk factor in Ausdtia (Australian Institute of Health and

Welfare, 2020aMinistry of Health, 202 These results show that if dietary riskctors can

be reduced, New ZeRALYsnwbuld asigridficanilyu ieduce aahdhea 6 s
popul ati onodimpoveeal th woul d

1.5.2 Ethnic inequities andchronic disease

From investigating sufpopulations within New Zealand, statistics show evident disparities
between MJ o and norn MU o populations and the prevalence of chronic diseases. The death
rate ofMU o from ischemic heart disease was almost double that efviho and accounted

for 30% of death per 100,000 population in 2Qnistry of Health, 2022 MU o death rates

from diabetes mellitus were four times higher than-rdiJ o in 018 (Ministry of Health,
2022. MU o andl Pacific adulpopulationshave a two tdhree timesigher prevalence af2D
compared to New Zealand Europe@Ministry of Health, 202}

Ethnic inequities alsexist in cancer mortality. Cancer mortality risk fok\ is significantly
higher in lung, stomach and breast cancers thanvtho (Ministry of Health, 2022 Chronic
respiratory disease is more prevalent il B populations. Results have shown thdl M are

twice as likely to be hospitalised due to asthBidI: body mass index

COPDwas approximately three times higher than-ndiJ o populationgMinistry of Health,
2021).

Australian chronic disease statistics also show ethnic inequities in chronic disease prevalence.
BMI: body mass index
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COPD prevalence among indigenous people istRris higher than among namdigenous
people, and indigenous people are three times as likely to have diabetes mellitus than non
indigenous people in AustralfAustralian Institute of Health and Welfare, 2020hbdigenous
populations are also 14% more likely to be diagnosed with cancer, and their suatésane

lower than norindigenous populationfAustralian Institute of Health and Welfare, 2021b

CVD rates in indigenous adults are 6¢gler than in nosindigenous adults. Indigenous adults
have much higher hospitalisation rates frevD and 1.5 times higher mortality rates from

CVD than nonrindigenous Australian@ustralian Institute of Health and Welfare, 2015

A review of the prevalence of chronic disedsaween noftMU o and MJ o has shown
inequities in the four major chronic diseases in New Zealand. Differences in chronic disease
prevalence between indigenous and -imatigenous populations in Australia were also
established. These inequities must besatered when identifying what is being invested in
and future implications for reducing the burden of chronic disease in New Zealand and

Australia.

1.5.3 Economicoutcomes

Chronic disease enormously impacts populations and individuals from an economic
perspectie. The cost of illness defines the value of resources spent on health and chronic
disease. The cost of illness in New Zealand is estimated to be more than $100 million for each
condition or risk factor per year. In Austral@yD alone cost the economy $10.4 billion in
201516 (Australian Institute of Health and Welfare, 20R1c

There are also macroeconomic impacts of chronic disease. Chronic disease negatively impacts
gross domestic producBDP) due to health care expenditure associated with chronic disease
causing economic losses worldwigdbegunde & Stanciole, 2006 More frequent and
extended hospital stays are associated with chronic disease, contributing to the financial burden

of chronic disease furth¢ArsenaultLapierre et al., 2021

Chronic disease imposes a severe economic burden on individuals and families of those with
chronic disease and those who require legmgn management. As well as the financial costs
associated with chronic diseases, there is a decreased quality of life with established disease
(Suhrcke et al., 2006
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These findings show a tremendous economic impact of chronic disease on health resources,
maaoeconomics, and on families and individuals due to chronic illness, which is relevant to

New Zealand and Australia.

1.5.4 Summary of health outcomes and chronic disease

Chronic diseasenpacts populations arithposes a significant economic burden on countries.
When quantified byDALY s andGDP, this puts the impact on Australia and New Zealand into
perspective. Ethnic inequities in chronic disease reflect the disparities seen in external drivers
of chronic diseases, such as seeomnomic dwvers. These health outcomes solidify the need

for targeted innovations to reduce the burden of nutritgdated chronic disease with the

consideration of external drivers of chronic disease and diet factors.

1.6 Significanceof research

Results from this@ping review can be uséol understand whdibod science and technology
arecurrently invested in toeducechronic diseaseutcomesn New Zealand and Australia.

This research can detail where future research is required to reduce chronic disease in New
Zealand and AustraligFood science and technology can inform future trends affecting the
accessibility, affordability and availability of a healtwydsustainable lifestylehusimpacting

these populations' health.

This chapter introduced the thesis topic @melsignificance ofthis researchThe theoretical
framework was discussed so that the relationship between chronic disease, diet and health
outcomes could be understood. In the next chapxéernal drivers oEhronic disease will be
discussed to aid in identifying current and future food science and technology that can improve

health in Australia and New Zealand.

19



Literature review

CHAPTER 2 Literature Review

2.1 External drivers of chronic disease

This literature review aimso identify factorsdriving chronic diseases New Zealand and
Australia. The surrounding environment strongly influences heaitti correlates withdiet,

obesity, metabolic syndrome, and chronic disdasgiewing these external factors will inform
where future research shoulobe mplementedo reduce the risk of nutritierelated chronic
diseaseDue to such a broad scope of drivers that can be covered, this literature review focuses

on environmentalpolitical, andsociceconomidactors(Figure2-1).

Drivers of Chronic Disease

Environmental Drivers What factors are contributing
Climate change to ill health?
Factors for current diets
Political Drivers
Agricultural & Food + Biological determinants such as
policy hunger, appetite, and taste
Tax subsidies * Economic determinants such as cost,
Global nutrition targets income, availability
* Physical determinants such as ; . .
— access, education, and time Chronlc Disease
* Social determinants such as culture,
Socio-economic Drivers family, peers and meal patterns
- Socio-economic status * Psychological determinants such as
Incorme mood, stress and guilt
Employment status » Attitudes, beliefs and knowledge
Education about food
Social cohesion * Food environment and food supply
Housing chain such as production systems,
Urbanisation and food security, retail and marketing.
Modernisation
Eating habits

Figure 2-1 Relationship between drivers and factors of chronic disease.

2.1.1 Environmental drivers

Climate change ia welldocumented threat to health and chronic diseasklwide (Costello
et al., 2009McMichael & Lindgren, 201 1\Watts et al., 201,3Vatts et al., 2021 The impact
of climate change on food and nutrition availability and chronic disease is of particular interest

in this literature review.

New Zeal and and Australiabds sea and air t
extreme heat events and fewer cold periodmfRlhis expected to decreagiRoyal Society,
2017. However, it is likely that when rain does occurwitl be heavy. Climate change can

affect exposure tteat wavesweather events, flooding, and fires. There are also indirect
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environmental effectsf climate change, such as exposure to microbial contamination, pollen,

and air pollutant¢Royal Society, 2017

Climatesensitive infectious diseases in Australia have been predictereasechronic
disease rates artkde disease burden, especiatiyareas of low soci@conomic statu@Neaver
et al., 2019 Food consumptioand sustainability have been investigated in Austrahalt
was proposed that environmental recommendations should be created alongside intake

recommendations to have a synergistic effedel et al., 2014Hoek & al., 2017.

This predicted climate change will have a floewn effect andlisrupthealth servicessause
socioeconomic deprivation, andreate health inequity. Climate change could impact the
nutritional quality of the diet and increase metabolic factors associated with chronic disease.
Food security is also indirectly affected by climate cleanbich causs reductions in food
availability, with fruit and vegetabléFV) availability already being impacte@ostello et al.,

2009 Royal Society, 2007

2.1.2 Political drivers

A key prevention strategfor chronic digase is to create policies that eliminate risk factors
associated with chronic diseg®eaglehole & Yach, 200%5aziano et al., 2007Thow et al.,

2010. One aspect that caargetedor prevention is addregg the diet of New Zealand and
Australians and implementing policies that seek to improve the nutrition of these populations.
Policies strongly influence production systems involved in the food supply chain by dictating
what food can be produced and,réfere, what food is available for consumers to chbase

which can reduce chronic diseagkfshin Sur, et al., 2019GordonLarsen,2014 Hawkes,

2006 Malik et al., 2013Young & Hobbs, 200

The WHO sets global targets for nutrition to reduce chronic disease, mainly focusing on
overweight and obesity in children for 20@&orld Health Organization, 20)4Australia has
recently introduced The National Preventative Health Strategy-202Q policy, which aims

to improveAustralians' health through prevention anthimise determinants of health over

the nextlOyears(Department of Health, 202La

Australia and New Zealand share many similar initiatigesh as the Health Star Rating,

nutrient reference values, dietary guidelines, and food formulation voluntarystéCgegtra,
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2006 Federal Register of Legislation, 199900d Standards Australia New Zealand, 2015
20213.

New Zealand has a healthy food and driokqy to target obesity and promote good health to
reduce the prevalence of chronic diseg®éstional District Health Board Food and Drink
Environments Network, 20)9This policy encourages a healthy food environment for all
health sector facilities, contractors and stafational District Health Board Food and Drink
Environments Network, 20)9Australia has a similar policy, but this only applies to public

schools(Department of Education, 20)4

There are ngolicies inNew Zealand or Astraliato reduce sodium intake. There are only
optional reduction targets that The Heart Foundation New Zealand sugpbeasHeart
Foundation, 2021 Processed foods are also largely unregulated, and there are no limits to salt
or sugar in products manufactured in New Zeal@ngtralia has a partnership reformulation
program that includes sodium reduction in its goals which is also volufa@partment of
Health, 202b).

Tax and subsidy interventions to reduce the consumBt&is are recommended by theHO

to reduce the burden of chronic dise@#frld Health Organization, 20L7An SSBtax has

already been shown to improve the diet and re@&Bconsumption in Chile, Mexico, and

the United Kingdon{Colchero et al., 20t®&akamura et al., 201&ell et al., 202)L Modelling

is currently underway in New Zealand and Austr@iiaerman et al., 20)6Paying an extra

fee to consum&SB  wi | | il ncrease the awareness of th

food choicego select lower sugar dink.

Australia and New Zealand have the Food Standards Australia New Zealand Act 1991, which
is national legislation that aims to protect public health and safety and ensure the population is
informed when making choices about what they consume andhéyaate not misled by food
companiegFederal Register of Legislation, 199Food Standards Astralia New Zealand

governs this legislatioto uphold the act

The Children and Young Peoplebébs Advertising
Advertising Standard Authority in 201(Advertising Standard Authority, 20L7This was
implemented o | i mit chil drends exp @Asvertiseng Stamdardn h e a |

Authority, 2017. Recent research has shown that complaints to companies breaking this code
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are not being upheld, and foamarketing continues to be unregulat€8winburn &
Vandevij\ere, 2017.

In 2018, the Food Industry Taskforce on Addressing Factors Contributing to Obesity released
that the main areas to focus on to reduce obesity are food and beverage reformulation,
marketing and increasedokaling of products such as the Health Star Rat{frg®d Industry
Taskforce, 2018

Policies impact the food environment and supply chain and form factors for current diets.
Policiescan promote food reformulation and change in production systems. For example, with
the healthy food and drink policy, retail outlets follow this guideline and supply in alignment
with this policy. This policy influences what people purchase and eat. Thidse cause retail

outlets to buythe food they can sell, and suppliensustadjust production to suit. Reviewing

the literature on policies in New Zealand and Australia has shown that there are already many
policies working towards global targets taduee the burden of nutritierelated risks of
chronic disease and promote a healthy food environment for these populations through the

alteration of factors for current diets.

2.1.3 Socioeconomicdrivers

Socioeconomic drivers of chronic disease ammplex and contain multiple domains that
contribute to chronic disease prevalence. This driver includes-sogimmic status, income,
employment status, education, housingpbanisation and modernisation. These socio
economic factors influence currenets and eating habits in New Zealand and Australia, which

flow down anddeterminethe risk of chronic disease. So@oonomic factorsstrongly
influencethe food environmentVlismas et al., 2000 Those of lower socieconomic status

have less money available to spend on food and therefore tend to purchase processed foods
which are cheaper and have higher amounts of sugar, salt aradifat than more expensjve

higher nutriional quality foods(Darmon & Drewnowski, 20L5Drewnowski & Darmon,

2005.

2.1.3.1 Socioceconomicstatus

Socieeconomic status can strongly determine chronic disease outcomes in New Zealand and
Australia. Cancer mortality rates of those in the most disadvantaged areas in Aaistalex
40% higher than those most advanta@®astralian Institute of Heditand Welfare, 2022b
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A systematic reviewncluding Australia hashown that those of lower soeszonomic status

are at a greater risk aignificantrisk factors for chroniadiseasesuch as obesity, physical
inactivity and smokingStringhini et al., 201)/ Lower socieeconomic status was associated
with increased chronic disease risk factors such as smoking, alcohol abuse, physicdlinactivi
and excess weight in Austral{Glover et al., 2004 However, thestudy found that chronic
disease prevalence differed depending on the chronic di¢&éecr et al., 2004 Food
security and socie@conomic status are strongly correlated and result in low consumption of
FVs and economic constrain(Ministry of Health, 2019 Therefore, contributing to the

disparities seen between seeiconomic status and chronic disease.

Statistics in New Zealand show similar results when compahi@eghostandleast deprived
populations The202021 health survey showagsthemic heart diseasetwice as prevalent in
most deprived aregMinistry of Health, 2021 The same study revealed diabetedlitusis
over three times more prevalent in most deprived areas than in thdissabtantagedreas
(Ministry of Health, 2021 Asthma andody max indexBMI) arealso sigificantly lower in
areas of high deprivatiofMinistry of Health, 202}

There is a strong relationship between poor health choices aedsedr retail and marketing
exposureg(Pearce et al., 200.7In areas of high deprivation in New Zealand, there are more
fastfood outlets compared to othexgions(Pearce et al., 200.7This drives an obesogenic
environment in areas of high deprivation. However, healthy foods available at outlets such as
supermarkets in New Zealand were highly prevalent in these @easce et al., 200.7This

suggests food availability in these areasne of many factorsfluencing food cbices.

Reviewing currenthronic disease statistitsrevealeda strong relationship between areas
of deprivation and shaping the food environment. Secmnomic status influencefironic
disease prevalentwy determining food accessibility to fafsiod outlets and supermarkets and

influencing marketing exposure driving an obesogenic environment.

2.1.3.2 Income

Income is strongly linked to food security, and loweome groups have decreased food
security which can determine chronic disease outcdiMesd et al., 2010 A casecontrol
study was conducted in Akiand to determine the relationship between income and chronic
disease(Brown et al., 200p Average household income in New Zealand was the most

significant influence on chronic disease and was a predictor for@asht strokéBrown et
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al., 2005. Income level was also shown to predict obesity and smoking. Community income
was examined, and it was found this could also be a predictor of smoking, obesity, heart
disease, and diabetellitus(Brown et al., 200b Although cancer survival rates are gradually
increasing, there is a difference in survival rates betwdgh-income and lowincome
populations in New Zealand. In 2018, 29% of alltdean New Zealand were from a type of
cancer(Ministry of Health, 2022

The cost of a tedthy diet recommended by the Australian Dietary Guidelines is less affordable
for low-income households, driving food insecurity in Austréliee et al., 2020 Low-income
groups &0 spendmore of their disposable income on fdaee et al., 2020 There is a rising

price of FVs in New Zealand and Australia, which increases the burden of gaining adequate
nutrition and limiting food choicefepartment of Agriculture Water and the Environment,
2022 Stats NZ, 202l Time constraints also coitiute tohigher food expenditure in low

sociceconomic area@/enn et al., 2018

This relationship between income, time, food affordability and food insecurity are critical
factors driving chronic disease in New Zealand and Austr@larent literature has shown
both populationstruggle to meet diet recommendations, thus influencing differdmetesen

income status and their risk of chronic disease.

2.1.3.3 Employment status

Employment status is a strong predictor of income and smaoomic status. Unemployment
decreases physicakhlth, mental health and health statwbjch increaseschronic disease
outcomegMcKee-Ryan et al., 2003National Health Committee, 199%ildiz et al., 2020.

On the other hand, employment can improve social status, enhance community participation,
and improve health and wdleing (Modini et al., 2016 Virtanen et al., 2002 Employment

also contributes to social cohesion and brings people togétloelini et al., 201% Australia

has claimed to have a higher social cohesiiam New Zealand, but it will be challenging to
maintain this due to the country's rapid Wwtlo and increased social pressufégistralian

Human Rights Commission, 2015

Reviewing employment atus in New Zealand and Australia has revealed that employment
status is an indicator of health through influencing income, social cohésalth,andwell-

being
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2.1.3.4 Education

Education is critical in det gChoetal,b 200l Tieeop !l e 0
importance of having nutrition education surrounding healthy eating has been re{faned

& Jeewon, 201p When nutrition education is provided, it was found that this can significantly
improve behaviour and indicators for chronic disg@am & Jeewon, 20)5 Unfortunately,

there is Ilimited |Iiterature on New Zteeal and s
interaction with chronic disease. Educati on
of their food choices. Stlies have shown higher educational attainment is correlated with a
healthier diet and higher consumptionFf (Azizi Fard et al., 2021 Lower education level

has been associated with increased sugar and red meat(Auaid-ard et al., 2021

The relationship beteen education and chronic disease could be due to the relationship
between education and so@oonomic statuMarks et al., 2006Thomson, 2018 Therefore,

education level could be more determinant of secionomic status than chronic disease.

2.1.3.5 Housing

Housing is another social determinant of chronic disease prevalence. Housing characteristics
can predicsociceconomic statu@unn, 2002Juhn et al., 203 Macintyre et al., 20035 haw,

2009). A New Zealand study assessed housing conditions (crowdimgpress mould, and

injury hazards) between 204 and related this to health disordéRgggs et al., 2021 The

study concluded that wet and mouldy housing increisedisease burden in New Zealand
(Riggs et al., 2021 Health outcomes and the quality of houses were studied in AugBakar

et al., 2018 Those who live in poequality housing have adverse health effects and have a
higher risk of chronic diseagBaker et al., 2016 The literature shows that housing is du@ot

key determinant of socieconomic status in Australia and New Zealand and contributes to the

development of chronic disease through the effects of housing quality.

2.1.3.6 Urbanisation and modernisation

A study in urban areas of New Zealand on the food environment was undertak&f yeans
(Hobbs et al., 2021 Although there was minimal change in fé&sbtd outlet access, this
research found supermarkets are becoming more accessible in areas of high defhvilisn

et al., 202). A study in Australia found that discretionary foods allocate shelf space was more
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significant in areas of higher deprivation. Therefore, incikkasgpermarket availability does

not necessarily mean increased availability of healthier f@®dsultz et al., 2021

Rural verss city location has also been examined in Aust(@lack et al., 201p This study
found that longerm urban residents in Australia were more likely to have a chronic disease
than those living in rural locatien This higher incidence in urban areas was due to higher

environmental stresso(Black et al., 201

Moderni sation also influences the food suppl
chain has shown a greater demand for convenience foods, and households have a smaller
budget for food(Department of Agriculture, 20)2This infers it is becoming increasingly
challenging to meet consumer demand -@ff&ctively. There is an increased frequency of

eating meals out and shopping trip frequency in Aust(Blegpartment of Agriculture, 20)2

Retailers respond to these trends and market their products to suit consumer behaviour. These
trends promote unhealthy diets towards-fastls due to an increased need for convenience at

a decreased cost.

New Zeal and a modenWwansdantcanstantly Gewlvelitb urbanisation and
modernisationimpacting the populationtealth. There is a disproportion in the availability of
food throughout urban and rural areas in New Zealand. A study found that healthier foods were
more avdable in urban areas but more expendivan in rural area@Nang et al., 2010 In
Australig acces to supermarkets and fdebd outlets in urban areas influenced access to a
healthy die{Burns & Inglis, 2007.

Modernisation has influenced an open food market resulting in a change in food service sectors
throughout New Zealand and Austra{Baker & Friel, 201%. A transition from traditional
whole foods to overly processed foods #me overpromotionof unhealthy 6odshas become

increasingly prevalent over the past dec@giker & Friel, 2018

Urbanisation and modernisatiampact chronic disease prevalence by influencing the food
supply chain, determining access to fresh food and supermarkets and the cost b alletalt

shifting the diets of those in urban areas,

2.1.3.7 Eating habits andsocio-economicfactors

New Zealanders are consuming meals out of the home more frequéntl could decrease

kitchen sizes in homes, resulting in even less cooking at ibneeRestaurant Association of
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New Zealand, 2008 This finding aligns with urbanisation and the decreasing size of houses,
leaving less room for a fully functioningtéhen(The Restaurant Association of New Zealand,
20138.

It has been shown that healthy homemade meals are cheaper than ordering takeaway meals
(Mackay et al., 2007 Even when dding the cost of time to prepare meals, half of the
homemade meals were more affordable than takeaway options in New Zdé&d¢ahdy et al.,

2017. This shows that making horoeoked meals is coftiendly if time is invested into

cooking these meals over choostageaways for convenience.

The frequency of family meals was studied in Pacific communities in New Ze@Jdied et

al., 2008. Results showed having family meals at home was associated with a positive food
environment and nutrition behaviousich as increasdeV intake in adolescents. Findings
also showan inverse relationship between eating at home and the consumplig-stigar
andfatty meals,indicating that eating in a home environment could limit thiesamption of

foods high in sugar and fat in Pacific populati¢dster et al., 2008

The Australian population shows similar meal habits. Skipping breakfast was correlated with
a less adequate diet tharulid who did not skip breakfast in an Australian st@dlliams,

2005. A crosssectional study in Australia investigated maieal patterns and accounted for
factors such as education levBlMI and age group. This study found those of a higher
education level in all age groups cooked a wider variety of meals than those of lower education
(Wang et al., 2013 Snacking frequency has also increased over time in Australia of fruit as
shacks and less discretionary foods. Snacking now contriigt@iicantenegy to the typical
Australian dief{FayetMoore et al., 201)7

Studies in both New Zealand and Australia on eating habits have shown factors associated with
socio-economic status can significantly impact dietary outcomes related to chronic disease due
to the transition towards less nutritious diets with increased snacking, skipping meals and the

increased tendency to eat out rather than at home.

2.1.3.8 Summary

Socioeconomicfactors aresubstantiakxternal drivers of chronic diseaskhere is a causal
pathway between soceconomicfactorsand health status. Soeswonomicstatusinfluences

the ability to gain employment, social cohesion, educatiamsihg, and income. New Zealand
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and Australiaare constantly evolving, and food environments are heavily impacted by

modernisationurbanisationand eating habits

2.1.4 Conclusion and scoping review rationale

There is a complex interplay between environmeipialitical and socieeconomic drivers of
chronic disease and food availability, food accessibility and food affordability. External factors
drive eating habits, affecting di&ctorsand ultimately determining chronic disease risk in
New Zealand andAustralia (Figure 2-1). If these driving factors can be addressed and
minimised edy, the outcomes can flow down and reduce chronic disease outcomet Due
the link between metabolic syndrome, obesity, and an unhealthy dietalsagssentiakto
consider the main aspects of the diet that influence metabolic syndrome and chr@se.dise
Dietary factors influencing nutrition-related chronic disease asegar fat, sodium ultra
processed anfastfood intake anda sedentary lifestyleThesediet factorscanbe used with
information on external drivers of chronic diseasenform future trends and innovations

towards reducing the risk of dietlated chronic disease.

It needs to be clarified/hat information is available in the literature about food service and
technology trends and what impact this has on diet outcondesudntion. For these reasons,
a scoping review was conducted to map research in this area, identify gaps in knowledge, and

inform recommendations for futuresearch.

This chapter summarised and evaluated the litexasupporting the research question of
environmental,political, and socieeconomic factors contributing to chronic disease in
Australia and New Zealand. This chapter supportsdgbearch aim to investigate current and
future food science and technologyerds to improvehealth in these population3he
methodology of the scoping review used in this thesis project will be specified in the next

chapter
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CHAPTER 3 Methodology

3.1 Methodological approach

The methodological framework for this study was a scoping reviewiiBgoeviews are for
research that seeks to identify available evidence and highlight knowledge gaps in a specific
area.(Munn et al., 2018Tricco et al., 2018 Scoping reviews bring together knowledge on a
given topic, look broadly at articles, inform understagdof current research and provide

bass for further research. Scoping reviews are not deep or specific; they look at the big picture
to find out what we know about a subjéatomataris & Pearson, 2014A scoping review can

also identify unpublished papers and grey literature that is often naff pestystematic review

procesgLevac et al., 2010

This research suited a scoping review as it aimed to identify current evidence, key
characteristics, and knowledge gaps in the food science and technology field in New Zealand
and Australia. This scoping review can guide howapply research, develop policies and be a
starting point for where resources should be sp&nnstrong et al., 2001 Consumers of
interest in scoping reviews can be researchers looking to identify research needs and can direct
people to topics and concerns in certain areas. Scoping reviews can also stimulate clinicians
thinking and serve as a guide to giving the laitgstrmation and research to consumers and

patients.

This scoping review followed the most recently updated 2li#dhna Briggs InstitutglBl)
scoping review guidand®@eters et al., 202@nd the Preferred Reporting for Systematic review
and MetaAnalyses extension for Scoping RevieWR(SMA-ScR (Tricco et al., 2018 This
scoping review framework follows a nistep process detailead Tables-1.
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Table 3-1 The nine steps of a scoping revie@Peters et al., 202

Step number Description

1 Defining and aligning the objective/s and question/s

2 Developing and aligning the inclusion criteria with the objective/s anc
guestion/s.

3 Describing the planned approach to evidence, searching, selection d

extraction, and presentation of the evidence

4 Searching for the evidence.

5 Selecting the evidence.

6 Extracting the evidence.

7 Analysis of the evidence.

8 Presentation of the results.

9 Summarising the evidence in relation to the purpose of the review,

making conclusions and noting any implications of the findings.

The PRISMA-ScRincludes 20 essential items and two optional items to include in a scoping
review. Thiswas used with th@Bl guideto ensure this research met reporting standards in this

scopingreview (Appendix 1) (Petes et al., 2020Tricco et al., 2018

Step five in thePRISMA-ScRinvolves protocol and registratidout was not done due to the
scoping review beinglila s t e r 63tepdlZhandslé iavolve critical appraisal which was

not included in this scopingeview, so the articles were not discriminated agasrsd the
guality of the articles erenot discussed. It was appropriate not to include a critical appraisal
due to the aim of the scoping review to identify innovations rather than assess the §uality o

the innovations.
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3.2 Stepone: objective and questions
3.2.1 Scopingreviewpurpose

The purpose of this scoping review was to investigate within existing research and grey
literature what anlowtypes of food science and technology are currently investediihcam

they contributeto reducingchronic disease risk in New Zealand and Australia.

This scoping review provided an understanding of how food science and technology can
improve nutrition outcomes and support interventions and future trends to pronititg aed
sustainable diets in an availabdecessibleand affordable way in New Zealand and Australia

to reduce chronic disease.

3.2.2 Obijectives

The objectives of a scoping review articulate why the research is conducted, what will be
investigated and whahe review will add tahe current literature in that fiel@Peters et al.,
2020.

The objectives of this researalere:

To examine what and how current food science and technology innovations are being invested

in to reducenutrition and chronic disease risk in New Zealand and Australia.

To inform where research is required by identifying gaps in the literatui@d science and

technology in New Zealand and Australia.

3.2.3 Review question

What food science and technology are currently invested in to impidvition andreduce

chronic disease risk New Zealand and Australia?

The research question for tresoping review uskthe population,concept,context PCO
framework. ThePCCframework is suggested for scoping ews to indicate to readers the
core elements of the review as well as aid in identifying the eligibility criteria and search
strategy(Peters et al.,@20. ThePCCframework for this scoping review aided in developing

the researcljuestions ifrables-2.
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Table 3-2 PCC framework for this scoping review

Framework variable Core element

Population New Zealand and Australia
Concept Food science and technology
Context Nutrition and chronic disease risl

3.2.4 Reviewsub-questions

Subquestions in scoping reviews adlin outlining how the evidence ag mapped. Sub
guestions must be answered to meet the review's primary question and objPetigeset al.,
2020.

The following subquestion was developed:

How can current food science and technology innovations influenegonmental, socio

economic angbolitical factors towards improving health in New Zealand and Australia?

3.3 Steptwo: eligibility criteria

Eligibility criteria consistof inclusion and exclusionriteria (Table 3-3). The criteria specify
characteristics of sources of evidence to identify if the evidence will be included or excluded
in the scope of the revie{iPetes et al., 202D The eligibility criteriawerealtered and refined

to suit the studws itprogresseand pilot testingvascompleted.
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Table 3-3 Eligibility criteria for the scopingreview.

Criterion

Inclusion

Exclusion

Publicationtime period

Language

Type ofarticle

Study focus

Innovation aim

Geographicatrea

Studypopulation

Studies published from 201
to 2022

English.

All types of evidence
including grey literature

Food science and
technology innovations

Mentions chronic disease
risk ornutrition outcomes

Studies including New
Zealand and/or Australia
data

Healthy or atrisk
(metabolic risk factors)

Studies published outside ¢
the inclusion dates

Non-English

N/A

No reference to food scienc
or technology innovations

No mention of chronic
disease or nutrition
outcomes

Studies in countries outside
of New Zealand and/or
Australia

Not a healthy or atisk
population

A period of five years for the publication date was chosen because this review sought to
understandurrentinnovations and anything older than five years might have no longer been
considered recent or relevant. Only articles written in English were included in this review
because the review focused on New Zealand and Australia, whigbriararily English
speakng countries. All types of evidence were considesedhe scope of the review was not
limited and missed unpublished evidence that was of interest to minimise the study's
limitations. The articles included in the revielwcusedon food science or techlogy
innovations in New Zealand and AustraliBhey aimedo impact the four most prevalent
chronic diseases in New Zealand and Australia and nutrition outcomes. Since this review
focused on New Zealand and Australia, the articles inclinlegstigated thee populations

The review focused on the populations classified as healthy -iskatof nutritionrelated
diseases. Atisk populations were included in the review to avoid excluding potential eligible

studies.
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3.4 Stepsthree andfour: describing the planred approach to evidence,
searching, selection data extraction, presentation of the eviden@nd
searching for the evidence.

3.4.1 Information sources

Table 3-4 outlines the databases and dates information that was searched. PubMed, Scopus,
Medline and Google scholar were searched initially at the end of 2@ After articles

were screened for eligibility from these databases, grey literature was seagci@oogle in
August2022

Table 3-4 Information sources

Database Date searched
PubMed 27.04.2022
Scopus 27.04.2022
Medline (Ovid) 27.04.2022
Google Scholar 27.04.2022
Google 18.08.2022

3.4.2 Searchstrategy

Search strategiesere derived from the review question and dgbke JBI threestep search
strategy(Peters et al., 2020This process was followed for the identification of published

articles in this review.

An initial limited search of at least two appropriate online databases relevant to theaspic
carried out Analysis of the text words in the title and abstraatedfieved articles and index

termswas therused to describe the articles.

A limited search was undertaken on the databases PubMed and Scopus. Indeanterms
synonyms were identified and organised in categories relating to the scoping review question.
The list of terms identified is1 Appendix2.

The second search involved all keywords and index terms across all databases. The terms

identified in the secondtep were combined to develop a search strategy UBoujean

operators OANDOG and O6OR. The s e-#viewbdbgher at egi

research supervisor
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The following databases, available free through The University of Auckland, natuded as
resources: PubMed, Scopus, Google Scholar and Medline (Ovid). Examples of search

strategies used for PubMed and Scopusrefgppendix3.

PubMed waselected as it contains articles from all research fields and, therefore, has a broad
scope. Scopus was selected as it is the most extensive database-fevipead articles.
Google Scholar was selected as it contains literabarscience and technay. Google
Scholar also contains grey literature, including citations in the articles. Medline (Ovid) contains
journal articles from various fields of interest, such as health science, allied health and

biomedical science, which was relevant to this review

The reference list ddrticles included after abstract screening were aésrched for additional
sources, including grey literatutgnpublished articles were also searched using the Advances
Google search to fill gaps in the published articles.ré€ferencing software Endnote was used

to manage the results of the search. The search strategy results were drafted and results exported

to EndNote, and duplications were removed.

3.4.3 Selection ofsources ofevidence

The process in which sources of evideme=re selected for all collection stages should be
included in a scoping review, as well as the procedures for overcoming disagreements between

reviewers to reach a consengbsters et al., 2020

The complete list of articles collected from PubMed, Scopus, Google Scholar and Medline
(Ovid) was title screened higeresearcheand research supervisasing the eligibility criteria.

The researcher and supenorisnet at this stage to discuss any discrepancies in the articles
included or excluded to form a consensus. Gatagreementas reachedheresearcheand
supervisorepeated the same process for abstract scredifingesearcher then independently
as®ssed the full text of the remaining articles for eligibility and then reviewed the final
inclusion list with thesupervisor Studies that did not meet the criteria were excluded; the

reason for exclusion is iRigure4-1.

Grey literature was also screened for eligibility. The reference lists of articles selected for
inclusion in the scoping review, and reviews that had been excluded, were screened. The
articles that cited the included articles were screened for eligibility. An Advanced Google

search was done fill gaps in articles already included.r&bearcher and supervismet to
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discuss the articles found from these techniques before they werdeddlu the scoping

review.

3.4.4 Datacharting processand data items

Data charting is also termed data extraction and is the part of the review that provides a
summary of the results related to the objectives and research questions of the scoping review
(Peters et al., 2020A charting table was designed to record information from the included

articles in the review to aid in the analysis of results.

The researcher independently charted the data using Excel, discussed the results with the
supervisorand continuously updated and refined the -gatting table to gather all relevant
information. Two charts were developed, one for a healthy study popudatioanother for an

atrisk studypopulation(Appendix4). Charting this information allowaghiform comparisons
(Tables-5).

Table 3-5 Data charted for each included article

Category

Article title

Author(s)

Year of publication

Country of origin

Study design

Participant number and characteristics
Aim of article

Type of food science/ technology innovatior
Variables measured

Impact on nutrition biomarkers
Chronic disease prevention risk

Study conclusion
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3.4.5 Synthesis of results

Organising the evidence outlishénow results \ere synthesised to collect and answer the
research questions and objectives after data chavisgomplete Identifying subthemes in
the articles aided in analysing complex data fromtiplel sources of evidence. The software
NVivo was used to determine themes and-th#mes. Articles were coded in the software,
allowing comparisons between the articlegstraliaand New Zealand articles were combined
and categorised into healthy orrak populations. Suthemes identified were nutrition

biomarkers measured in each artidf@bles-6).

Table 3-6 Sub-themes identified using NVivo

Subtheme

Blood glucose
Plasma insulin
Appetite

Ghrelin andncretin
Lipid profile
Inflammation

CVD risk

HbAlc

Organising the included articles allowed for easy comparison between healthy-rasid at
population innovationsral their impact on nutrition biomarkers and potential disease risk
reduction. Articles were coded inMio depending on the stthemes, and several articles

included multiple sutthemes.

Once data was organised into themes anditiseimes, weighted maps medesigned via the
online platform Visme. Using weighted maps allowed for a visual interpretation of the results,
how each sulbheme was related, and how frequently the-th@me was included in the
articles. The weight was calculated by the number afistuthat included a sttheme. These
themes and suthemes were reported to answer the research question. Filtering through the
information of each article to accurately identify the nine -thames identified was
challenging and resulted in missing otlpatential outcomes. Organising the data this way

allowed for identifying how these innovations can be inserted into New Zealand and Australi
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and what influence the innovations will have on environmeptditical, andsociceconomic

factorsin New Zealand and Australia.

Throughout the discussion, comparisons were made between the outddmalhy and at

risk populationsand nutrition biomarkers within each population. Comparisons aided in
assessing each nutrition biomarker's effect. Feuitonplications of the type of innovatiavere

used to identify the potential impact on environmergalitical, andsociceconomic factors

and how these innovations could improve health in New Zealand and Australia. By assessing
these results, gaps in thierature were discussed, awtiat emerging trends food research and
development companies in New Zealand and Australia should investigaierove nutrition

related disease outam®s.
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CHAPTER 4 Results

4.1 Stepfive: selecting theevidence

Identification of studies via databases and grey literature

)
= i i .
° Racords idenfiied froml Records removed before
= Googles Scholar (n = 105) screening:
8 Scopus (n = 2244) . g:
= \ _ » Duplicate records remaved
= Medline (n = 32) (n =176)
5 Pubmed (n = 111)
i)
) Records excluded:
. Country (n = 159)
ReEozr‘th:éme screened »| Study Focus (n = 1372)
(n= ) Innovation outcome (n = 515)
Total excluded (n = 2046)
Records abstract screened . | Records excluded:
(n =370) “| Country (n=30)
Not a technology/innovation (n =94)
No mention of disease/nutrition (n = 112)
Non-human population (n = 18)
= Total excluded (n = 254)
=
$
[*]
»
Reports excluded:
Records full text screened »| Not a technology/innovation (n =3)
(n=116) No mention of disease/nutrition (n = 3)
Non-human population (n = 11)
Book chapter (n = 12)
Protocol only (n = 3)
Review (n =78)
Total excluded (n = 110)
e
h 4
)
k-] Studies included in review . .
g (n=6) - Reports included from grey literature
% Grey literature included in review (n=3)
£ (n=5)
e

Figure 4-1 PRISMA -ScRflowchart of the gudy selectionprocess.

After title screening, abstract screening and-tiesit screening articles for eligibility criteria,

six studies met the inclusion criteria. Reference list screening was carried out on the included
studies, reviews and book chapters, and various googlehssavere completed. From these
grey literature searches, five studwesre added to the scopingview (Figures4-1). The total

number ofarticlesincluded in this scoping review was 11.
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4.2 Stepssix and seven:extracting and analysing theevidence
4.2.1 Characteristics of sources ofevidence

Out of the 11 studies included in the revid@were specific to Australia, and one was specific

to New Zealandr-or ease of comparispihwas initially decided that articles would be grouped
by country However, since only one study was found specific to the New Zealand population,
both countries wer considered together. Articles were grouped by the population the
innovation investigated. The two population groups were hedadiy atrisk. At-risk
populations were thoseith hypercholesterolemia, at risk @VD, T2D or overweightor
obeseTable4-1 andTable4-2 gives a brief outline of each included study summarised from
charting thedata (Appendix 4). This part of the results section relates to objectives by
summarising the types of innovations currently being studied that contribute toedndsg

the risk of chronic disease, which will also inform research gaps.
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Table 4-1 Summary of included studies on healthy populations.

Citation Population Innovation Nutrition biomarkers Conclusion
investigated
(Ang et al., 202D Healthy High-amylose Postprandial blood glucose Reduces postprandial glucose respo
noodles in healthy adults
(Belobrajdic et al., 2009  Healthy High-amylose Postprandial blood glucose, Lowers glucose and insulin response
bread plasma insulin, ghrelin and
incretin, appetite, inflammation
(Murray et al., 2018 Healthy Polyphenol rich  Postprandial blood glucose anc No effect on postprandial gluse or
brown seaweed plasma insuh insulin responses
extract
(Murray et al., 201p Healthy Polyphenol Postprandial blood glucose anc No effect on postprandial glucose or
extract from plasma insulin insulin response
algae (Fucus
vesiculosup
(Thota et al., 2018 Healthy Curcumin and Glucose, plasma insulin and  Reduces postprandial glucose and

fish oil
supplementation

triglycerides

insulin in curcumin, not fish oil
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Table 4-2 Summary of included studieson at risk population.

Citation Population Innovation

Nutrition biomarkers
investigated

Conclusion

(Amoah et al., 2021  At-risk

(Ferguson et al., 202C At-risk

(Ferguson et al., 20)< At-risk

(Ferguson et al., 20)& At-risk

(Murray et al., 202l At-risk

(Thota et al., 2019 At-risk

Vegetableenriched bread

High molecular weighb-
glucanand phytosterols in
biscuits

Phytosterol and/or
curcumin supplemented
bread

Phytosterol (fat spread)
and curcumin
supplementation (tablets)

200 mg/day powdere#.
vesiculoss seaweed
extract

Curcumin and fish oil
supplementatio

Blood glucose, plasma insulin
and, appetite

Fasting lipid profile

Fasting lipid profile andCVD
risk

Fasting lipid profile and blood
glucose

Lipid profile, blood glucose,
plasma insulin, inflammation

HbAlc, fasting blood glucose
and, plasma insulin

Reduced postprandial insulin release
and increased fullness

Complementary effect of lowering
cholesterol between obtglucanand
phytosterols

Phytosterols lowers cholesterol,
curcumin had no influence on lipid
profile

Combined supplementation lowered
fasting lipid profile

No changes in aspects of lipid profile
blood glucose, plasma insulin or
inflammation

Combination reduced insulin and
aspects of lipid profile. No difference
in blood glucose
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4.2.2 Results ofindividual sources ofevidence

Each included articldata was extracted and charted as relevant to the review questions and

objectives. The complete data charting for the included articiasAigpendix4.

4.3 Stepeight: presentation of theresults
4.3.1 Synthesis ofresults

The studies included in the review were grouped intetsaimes according to the technology

or food science innovation studied to aid in ansmgethereview objective to examine what

food science and technology innovations are invested in. The results were further categorised
into nutrition biomarkers andopulationghe study investigated to answer how the innovation

will reducenutrition and chonic disease riskOrganisng the resultsn this wayallowed for

the identification ofjapsin the articles. Gaps were identified to understahdt food science

and technologghould be researched in the futlaeswering the second research objective.

Each innovation measured numerous nutrition biomarkers and fell into multiple categories
(Table 4-3, Table 4-4 and Table 4-5). Nutrition biomarkers identified were; blood glucose,
plasma insulin, appetite, ghrelin and incretin, lipid profile, inflammat@wD risk and
haemoglobin Alc HbAlc). Weighted diagrams were generated to visualise how often a

nutrition biomarker was investigated feach populatiofFigure4-2 andFigure4-3).

Table 4-3 Nutrition biomarkers investigated in each population.

Nutrition Number of studies Percentage Number of studies Percentage
biomarkers ona healthy on an atrisk
population (n = 5) population (n = 6)

Blood glucose 5 38% 4 23%
Plasmansulin 4 30% 3 17%
Appetite 1 8% 1 6%
Ghrelin andncretin 1 8% 0 0%
Lipid profile 1 8% 5 30%
Inflammation 1 8% 2 12%
CVD risk 0 0% 1 6%
HbAlc 0 0% 1 6%
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Table 4-4 Study population and innovation investigated.

Innovation Number of studiesro Percentage Number of studies Percentage
ahealthpopulation onanat-risk
(n=5) population (n = 6)
Phytosterols ba t-gluzanenriched biscuits 0 0% 1 16.5%
Curcumin +ishoil supplement 1 20% 1 16.5%
Curcumin +phytosterol spread and bread 0 0% 2 34%
Polyphenol seaweed extract 2 40% 1 16.5%%
Vegetableenriched bread 0 0% 1 16.5%%
High-amylose enriched brean noodles 2 40% 0 0%
Table 4-5 Technology andfood Sciencennovations and thenutrition biomarkers measured inboth populations.

Nutrition Phytosterols vat ~ Curcumin +fish Curcumin + Polyphenol Vegetable High-amylose
biomarker b-glucan oil supplement phytosterol spreac seaweed extrac enriched bread enriched breadr

and bread noodles
Blood glucose n n n n n
Plasmansulin n n n n
Appetite n n
Ghrelin and n
incretin
Lipid profile n n n n
Inflammation n n n
CVD risk n
HbAlc n
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Figure 4-2 Weighted diagram of nutrition biomarker smeasured for innovations investigating atisk

populations.
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Figure 4-3 Weighted diagram of nutrition biomarker s measured for innovations investigating healthy
populations.
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4.3.2 Results andfindings related tohealthy populations

There were five articles focused on a healthy population. Two investigated polyphenol extracts,
two investigated polyphenwoich bread or pastaand one investigated curcumin plus fish oil
supplemenfTables-4). The nutrition biomarkers that were identified in innovations for healthy
populations were blood glucose (n = 5), plasma insulin (n = 4), appetite (n = 1), ghrelin and

incretin hormones (n = 1), lipid profile (n = 1), and inflammation (n €Taples-3).

4.3.2.1 Blood glucose

The wlyphenolrich F. vesiculosugxtractmeasured postprandial blood glucose response over
three hours in the evening and morning post a 50g carbohydratéMeedy et al., 201p
There were no differences in blood glucose levels between the placebo and polyhenol
extract groups. Therefore the study concluded the polyphaolextract did not affect
postprandial glucose. Another study also investigated low (500mg) and(20§9mg)
polyphenolrich extractsof F. vesiculosugind blood glucose at baseline @hceehours post
meal (Murray et al., 2018 The study found neither dose significantly lowered posipial
glucose compared to the placebo, which was 2g of cellulose fibre.

Curcumin and fish oil supplementation also investigated postprandial blood glucose responses
one and two hours after a standardised rfidabta et al., 2018 This study found the highest
reduction in blood glucose concentration was in the curcamiy group. The increase in

blood glucose concentration was lower in the curcumin treatment groups at all time points
compared to the placebo group, with the highest reduction 30 minsnpast(15.7%). The
curcumin plus fish oil group had a 51% reduction, and the fish oil only groum (3836
reduction in blood glucose compared to the placebo group at 60 mirs@alsThe change

in blood glucose from 0 to 120 minutes was significantly lower in the curcumin and curcumin
plus fish oil group than in the placebo grodjme study concludeduccumin withoutfish oil

affected postprandial blood glucose concentrations.

The innovation of higlamylose wheat in bread investigated postprandial blood glucose over
threehours after consumptidBelobrajdic et al., 2009 The study found that the bldglucose
response was 39% less than lamylose wheat bread. Thegh-amylosewheat bread also
produced a 33% lower rise in blood glucose than thedowlose wheat bread. The study also
investigated wholemeal and refined flour and found consuming wholemeal and refined flour

bread resulted in a similar blood glucose response. The study concluded either refined or

47



Results

wholemeal bread made with higimylose four effectively reduced postprandial blood glucose
concentrations. Another study investigated kagiylose wheat in noodl€éng et al., 202

The noodles tested were 15%,%2Gnd 45% amylose, and postprandial blood glucose
concentrationsvere measured ovetwo hours posimeal. The 45% amylose noodles had the
most significant reduction in blood glucose concentrations compared to all groups at all times.
The study concludenoodles made with higamylose wheat reduced postprandial blood

glucose concentrations 8y4% compared to lonamylose wheat noodles.

4.3.2.2 Plasma insulin

The innovations investigating polyphersiidh extracts also measured plasma insulin
responses, and both found no difference in plasma insulin levels of treatment groups compared
to the placebo@Murray et al. 2018 Murray et al., 201p

The curcumin and fish oil innovation investigated plasma indelials (Thota et al., 2013

The study found the changes in plasma insulin were lower at all times contpdnedother
groups, but there were no significant results. However, the overall change in plasma insulin
was significantly lower in the curcumin and curcumin plus fish oil groups but not theilfish

only group compared tthe placebo. The study concludéuat curcumin lowered the overall

change in plasma insulin but not fish oil.

High-amylose wheat in bread also measured plasma insulin resp@eebrajdic et al.,
2019. The study found plasma insulin response was 24% lower forampifose wheat brela
thanfor low-amylose wheat bread. However, the plasma insulin response was only lower at 60

and 120 minutes compared to lamylose wheat bread.

4.3.2.2.1Appetite

Appetite was investigated using a visual analogue to measure subjective satiety and cravings
when ©nsuming highkamylose wheat brea@elobrajdic et al., 2019 The study found no
difference between test bread and levels of cravings and satiety, concluding the amylose

content of bread did not influence appetite.

4.3.2.2.2Ghrelin and incretin

Ghrelin and incretin hormone concentrations were investigatbidjh-amylose wheat bread
(Belobrajdic et al., 2009 The study found higlamylose wheat bread had a 30% lower incretin
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response than loamylose wheat bread. Ghrelin hormone did not decieassponse to high

amylose wheat bread consumption.

4.3.2.3 Lipid profile

The curcumin and fish oil innovation was the only study investigating the effetteon
triglycerides (TG) (Thota et al., 2018 The study concluded there were no significant
differences betweemG concentrations between all treatment groups and the placebo group

over the two hours measured.

4.3.2.4 Inflammation

High-amylose wheat in bread was the only study that measured inflammatory markers
(Belobrajdic et al., 2019 The study measured plasrtaercellular adhesionmolecule 1
(ICAM-1) and nitrotyrosine concentrations used as inflammation and oxidative stress markers.
The study found higlamylose wheat in bread did not affect inflammation biomarkers during

the threehour postprandil period.

4.3.2.5 Summary

High-amylose wheat bread reduced blood glucose levels and plasma insulin response compared
to traditional lowamylose products a healthy populatiofAng et al., 2020Belobrajdic et

al., 2019. High-amylose wheat bread significantly reduced incretin but did not affect appetite,
ghrelin or inflammatory markersligh-amylose noodles significantly lowered blood glucose
responsegAng et al., 2020 Polyphenolrich seaweed extract did not influence blgbgcose

or plasma insulin level@Murray et al., 2018Murray et al., 2012 The curcumin and fish oil
innovation showed that curcumin was responsible for reducing blood glucose and plasma
insulin levels(Thota et al., 2018 The innovation did not affect the lipid profile in a healthy

population.

4.3.3 Resuls andfindings related toat-risk populations

Six articles focused on at riglopulations. Atrisk populations included obesity (n = 1),
hypercholesterolemia (n = 4) or, had impaired fasting glucose and/or tolerance (n = 1). There
were fiveinnovations in this group; phytosterols aral o-glugars (n = 1), curcumin and fish

oil supplement (n = 1), curcumin and fish oil spread bread (n = 2), polyphenol seaweed extract
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(n = 1) and, vegetablenriched bread (n =) XTable4-4). Nutrition biomarkers investigated in
atrisk populations were blood glucose (n = 4), plasma insulin (n = 3), appetite (n = 1), lipid
profile (n = 5), inflammation (n = 2L VD risk (n = ) andHbA1c (n = 1)(Tables-3).

4.3.3.1 Blood glucose

The curcumin and fish oil spfement article found no significant changes in fasting glucose
after 12 weeks of supplementatigrhotaet al., 2019. The article investigating the innovation

of curcumin and phytosterola the form of a spread and suppleménind only curcumin
supplementation significantly reduced blood glucose concentrations after four weeks of
supplementatior{fFerguson et al., 20)18No significant difference in postprandial glucose
concentrations was found between the consumption of vegetatitded bread and placebos
(Amoah et al., 2021 The article concluded polyphenath seaweed extract supplementation

did not affect blood glucose after 12 weeks of supplement@éarray et al., 2021

4.3.3.2 Plasmainsulin

Plasna insulin was measured in the curcumin and fish oil supplementation innovation, and
results showed that insulin sensitivity was significantly increased in the curcumin
supplementation grou@hota et al., 2019 There was no combined effect between curcumin
and fish oil Vegetableenriched bread produced a lower postprandial insulin response of 38%
compared to white and wholemeal bréachoah et al., 2021 Polyphenckich seaweed extract
supplementation showed no difference in plasmalimdevels betweerthe treatment and

placebo groupéMurray et al., 202L

4.3.3.3 Appetite

Vegetableenriched bread measured appetite using subjective questions about hunger levels
(Amoahet al., 2021 Over the two hours, vegetakdariched bread had the lowest hunger

rating and increased satisfaction compared to white and wholemeal bread.

4.3.3.4 Lipid profile

Five out of the six articles on-atk populations investigated the ligpdofile of the innovation.
The bread enriched with phytosterols and curcumin measti@&d.DL-C, highdensity
lipoprotein cholesterol IDL-C), TC: HDL-C ratio, TG, LDL-C and HDL-C patrticle size
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(Ferguson et al., 20)19Bread enriched with curcumin alone or combined with phytosterols
had no additional cholesterldwering effects so insteadcomparisons were made between
bread with or without phytosterols. Bread enriched with phytosterols significantly re8Geced
LDL-C, and TC: HDL ratio over the four weekdDL-C, HDL-C particle size and G were
unchanged between all enriched bread and plat&do-C particle size was also investigated,
and the diameter was significantly lower in thiedd enriched with curcum{fFerguson et al.,
2019. Curcumin and phytosterols were also studied as a fat spread (phytosterols) and tablet
(curcumin)(Ferguson et al., 20)8This study measureliC, LDL-C, HDL-C, TC: HDL ratio

and TG. Curcumin without phytosterol sul@mentation did not influence lipid profile
compared to the placebd@C, LDL-C, TC: HDL ratio was significantly reded in the
phytosterol and curcumin spread group compared to the placebo and cuotiynin
supplement group. There was no difference between any grotfi3LirC or TG. The study

concluded curcumin could have a synergistic effect with phytosterols.

Curcumin and fish oil supplementation measuf&)j TG, LDL-C, HDL-C and TC: HDL-C

ratio (Thota et al., 2019 The study found G levels were significantly reduced in the fish oil
supplementation group and the fish oil plus curcumin group. No significant differences were
found betweeC, LDL-C, HDL-C and TC: HDI-C ratio between all groups. Curcumin did
show a reduction imG, but fish oil supplementatidmada higher reductiofiThota et al., 2019

Biscuits fortified with ligh molecular weightatb-glucansand phytosterolsneasurd TC, TG,
LDL-C, HDL-C and TC: HDL-C ratio(Ferguson et al., 2020The sudy found no differences
between treatment groups and placebo in TC: HDtatig HDL-C or TG. The phytosterol
andhgh mo | e c u l-glucangwoeip sgyhificantly lowered C andLDL-C.

Polyphenolrich seaweed extract supplementation measiizd G, LDL-C, HDL-C and TC:
HDL-C ratio (Murray etal., 202). The study found aftet2 weeks of supplementation, there
was a increase irHDL-C, but this did not reach significance. There were no chandd3lin

C, TC or TG postsupplementation. There was an increas€@randHDL-C in the first six
weeks of spplementation, but after 12 weeks, this was no longer signif{téuntray et al.,
2021).
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4.3.3.5 Inflammation

The innovation of curcumin and fish oil supplementatimvestigated inflammation by
measuring the c-reactive protein CRP (Thota et al.,, 2019 The study concluded

supplementation for 1®&eeks did not affecRPlevels.

4.3.3.6 Cardiovascular diseaserisk

Cardiovascular risk was measured in the consumption of bread enriched with curcumin and
phytosterols using th&ramingham ksk Algorithm (Ferguson et al., 20)9Phytosterol
enriched bread reducegVD risk by 8%compared to nophytosterol bread.

4.3.3.7 HbAlc

The curcumin and fish oil supplementation innovation was the only article that investigated
HbAlcand did not find any significant changes between the groups compdhexptacebo
(Thota et al., 2019

4.3.3.8 Summary

At-risk population innovations show polyphemmh seaweed extract did not change blood
glucose or plasma insulin concentratigitsirray et al., 202)L The innovation did not find any

significant differences in any lipid parameters measured.

Curcumin and fish oil supplementation found no significant differences in blood glucose levels,
HbAlc, or inflammation(Thota et al., 2019 The study found curcumin improved insulin
sensitvity but fish oil did not, and there was no combined effE&levels were the only lipid

parameter reduced from this innovation, areteonly in the fish oHcontaining group.

Vegetableenriched bread did not affect blood glucose concentratmwgeverthe innovation
lowered plasma insulin response compared to standard @eadh et al., 2021 Vegetable

enriched bread decreased hunger and increased satisfaction.

Phytosterclenrichedbread reducedVD risk compared to nephytosterolenriched bread.
Curcuminenriched bread did not change the lipid profile of ariskt population. However,
phytosterolenrichedbread reducedC, HDL-C, and TC: HDLC (Ferguson et al., 20)9
Curcumin without phytosterols alstid not influencethe lipid profile in the curcumin and

phytosterol supplement and spreadawation. Curcumin and phytosterol combined, and the
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phytosterolonly group significantly reducedC, LDL-C, andTC: HDL-C ratio (Ferguson et

al., 2018. Suppémentation of curcumin reduced blood glucose levels, but not from the
phytosterolrich spread Bi scui t s fortified wi t h-gludamsg h
significantly loweredlC andLDL -C (Ferguson et al., 2020

4.3.4 Comparison betweerhealthy and at-risk populations

Two innovations investigated healthy andiak populationspolyphenolrich seaweed extract

and curcumin and fish oil supplementatidurray et al., 2021Murray et al.,2018 Murray

et al., 2019Thota et al., 201,9Thota et al., 2018 Polyphenaclkich seaweed rich extract did
not change any nutrition biomarkers measured in healthyr@igbopulations. Curcumin and
fish oil showed varying re#ts. The healthy population's blood glucose levels decreased, but
atrisk populations' levels were unchanged. Curcuarily supplementation improved insulin
sensitivity in atrisk and curcumin and fish oil improved insulin sensitivity in healthy
populatiors. The atrisk population had reducedG from fish oil supplementation, but the

innovation did not affect the lipid profile in a healthy population.

This chapter summarised the findings from the data collected in the saepieg. The data
was organised by population studied (healthy enisk) and then sulgrouped by nutrition
biomarkers studiedn the next chapter, these findings ax@luatedn moredetailto identify

gaps in the literature artdefuture implications of this research.
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CHAPTER 5 Discussion

5.1 Stepnine: summarising the evidence concerning the purpose of the
review, making conclusions and noting any implications of the findings

To answer this scapg review's purpose and research questions, evidence was discussed by

answering the research objectives.

Comparisons were made between healthy andlapopulations to distinguish differences and
similarities between the innovation outcomes. Innovatitwat only focused on healthy or at

risk population outcomes were discussed to determine the individual populations' influence on
health factors. The implications of each type of innovation are then discussed concerning their
potential influence orNew Zealand and Australia's environmental, political, and socio

economic factorso improve health.

These two discussion points answer the research objective of examining what and how current
food science and technology innovations are being investedmptove nutrition andreduce

chronic disease risk in New Zealand and Australia.

Gaps in the literature and implications and suggestions for food and research development
companies were made based on emerging food science and technology towards improving
health This sectionanswers the second reseadtfjective of informing where research is
required by identifying gaps in the literature on what food science and techiaoéogyested

in, in New Zealand and Australia.

5.1.1 Comparisonsbetweenhealthy and at-risk population innovation outcomes

Initially, findings from the scoping review were to be compared between innovations in
Australia and New Zealand. Due to the small number of articles found and only one of the
studies conducted on a New Zealand populatiowag decided that comparisons would be

made between healthy orrgk populations.

Five articles investigated healthy populations, and six articles investigaisl populations.
Curcumin and fish oil supplementation and polypheaiaii seaweed extrastere the only
innovations studied in both healthy andiak populationgMurray et al., 2021Murray et al.,
2018 Murray et al., 2019Thota et al., 201;9Thota et al., 2018 High-amylose enriched bread
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and noodles were investigated in healthy populati@mg et al., 2020Belobrajdic et al.,
2019. Phytosterols and odt-glucan curcumin and phytosterol spread and bread and
vegetableenriched bred were investigated in -aisk populations(Amoah et al.,, 202

Ferguson et al., 201&erguson et al., 2026erguson et al., 20)9

In this sectionof the dscussion, each innovation is discussed in relation to the nutrition
biomarkers investigated, how the innovation could influence nutrition to improve health and if
the innovation has been researched outside of New Zealand and Australia. It is essential to
understand hownnovations influence nutritioto improve healthas shown in the theoretical
framework(Figure 1-1). Where possible, comparisons are made between healthy -aisd at

population findings.

5.1.1.1 Phytosterols andoat b-glucan enriched biscuits

The innovation of phytosterols and d@aglucaneffed investigated an aisk population with
hypercholesterol and measured lipid profile over six wedksrguson et al., 2020
Phytosterols and oétglucanacted together in a synergetic way and significantly low&@d
andLDL-C when combined. These outcomes show that a combined effect of phytosterols and
oatb-glucancould influencdoweredTC andLDL-C in atrisk populations. This innovation
contributes to reducing the risk of nutritioelated chronic diseagy improving the metabolic

risk factor of dyslipidemia

Oat b-glucars have beenvell-researchedand shown to have positive effects on lowering
cholesterol in several metmalyses involving hypercholesterolemic and -non
hypercholesterolemic populatiof®thman et al., 2031Queenan et al., 200Xu & Sun,
2020. One metaanalysis found the cholesterol lewng effects ob-glucars were ineffective

in baked products such as muffins, cereals and bread, relasrig the alteration of the food
matrix with heating Othman et al., 20)1However, the innovath in this scoping review did
find a cholesterelowering effect in baked biscuit3 his suggestthe addition of phytosterols

could have influenced this reduction in cholestéf@rguson et al., 2020

A metaanalysisshowed thab-glucanreduced_DL -C but no change iRiDL-C. This outcome
was also found inthe phytosterol and odi-glucaninnovation (Whitehead et al., 20)4
However, the metanalysis did not measure a decreasd @) which wasfound in this

innovation. Conflicting results could be due to the additive effects of the phytosterols.
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