*
L
e

THE UNIVERSITY OF

AUCKLAND

Te Whare Winanga o Timaki Makaurau

NEW ZEALAND

Libraries and Learning Services

University of Auckland Research
Repository, ResearchSpace

Copyright Statement

The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand).

This thesis may be consulted by you, provided you comply with the provisions of
the Act and the following conditions of use:

e Any use you make of these documents or images must be for research or
private study purposes only, and you may not make them available to any
other person.

o Authors control the copyright of their thesis. You will recognize the
author's right to be identified as the author of this thesis, and due
acknowledgement will be made to the author where appropriate.

e You will obtain the author's permission before publishing any material
from their thesis.

General copyright and disclaimer

In addition to the above conditions, authors give their consent for the digital
copy of their work to be used subject to the conditions specified on the Library
Thesis Consent Form and Deposit Licence.



http://www.library.auckland.ac.nz/sites/public/files/documents/thesisconsent.pdf
http://www.library.auckland.ac.nz/sites/public/files/documents/thesisconsent.pdf
http://www.library.auckland.ac.nz/services/research-support/depositing-theses/licence-summary

The PREVIEW New Zealand study:
Prevention of Type 2 Diabetes
through Lifestyle Intervention

in a Cohort of

Overweight Adults with Pre-Diabetes

Amy Yee Liu

A thesis submitted in partial fulfilment
of the requirements for the degree of
Doctor of Philosophy (Biomedical Science),
in the Department of Medicine,
The University of Auckland

December 2018



Abstract

The prevalence of obesity worldwide has increased to a pandemic with more than 1.9 billion
people classified as overweight and 600 million classified as obese. Obesity is the cause of
long-term chronic disease; affecting social and economic costs worldwide. New Zealand is no
exception being 3 in the OECD for obesity, behind USA and Mexico. More than two-thirds of
New Zealanders are overweight and from which 50% are classified as obese. Obesity contributes
directly to the cause of T2D; hence, the increasing obesity leads to the increase in the incidence
of T2D. This thesis investigates whether dietary intervention, which is aimed at short-term rapid
weight loss and then longer-term weight loss maintenance, can be successful for the prevention
of T2D in a cohort of overweight, pre-diabetic adults in Auckland, New Zealand. In particular,
investigating whether a higher protein, lower glycaemic index (Gl) diet is more successful than a
higher carbohydrate (CHO), moderate Gl diet for weight loss maintenance, and in turn better T2D
related metabolic outcomes. This research was part of the larger international PREVIEW

(PREVention of diabetes In Europe and Worldwide) intervention.

The aim of this PREVIEW:NZ study thesis investigates the benefits of short term 8-week acute
LED-induced weight loss and longer term (2 year) lifestyle-induced weight change on metabolic
parameters associated with risk of T2D in Caucasian, Maori/Pacific and Other ethnicity
subgroups. The aim of the Gl substudy was to analyse the Gl of kumara to be able to make diet

recommendations in the lifestyle intervention weight maintenance phase.

The primary objectives for PREVIEW:NZ were to investigate changes to body weight, body
composition and metabolic markers during an 8-week low energy diet (LED) rapid weight loss
phase and then a 2-year lifestyle weight maintenance phase where the diet recommendations
were for lower-fat, higher protein, lower Gl versus lower-fat, higher CHO, moderate GI; and also
to investigate gender and ethnicity differences. A secondary objective was to investigate the Gl
of sweet potato/kumara, a high CHO staple commonly consumed in New Zealand and an
important food in PREVIEW:NZ. The main hypothesis was that, an ad libitum novel low fat, higher
protein, lower Gl diet would result in better weight loss maintenance and T2D-related metabolic
markers when compared to a traditional low fat, higher CHO, moderate Gl diet that adheres to

current recommendations for T2D prevention.

PREVIEW:NZ comprised of 2 phases. Phase 1 was an 8-week LED weight loss phase where
participants attended the clinic every 2 weeks for group counselling and measurement of body
weight; followed by Phase 2, a lifestyle weight maintenance phase where higher protein or higher
CHO advice was followed and participants attended the clinic every 6 months for 2 years. Clinical
investigation days (CIDs) were conducted at baseline (CID1), 2 months (CID2), 6 months (CID3),
12 months (CID4), 18 months (CID5), 24 months (CID6), for anthropometry assessment and
blood tests. Recruitment was conducted within the Auckland region. Overweight participants
were invited to the Human Nutrition Unit for screening using an oral glucose tolerance test (OGTT)

to determine those who were pre-diabetic. During the weight maintenance phase, in addition to



CIDs there were also group-counselling sessions, which followed a fading visit design. In total,
PREVIEW: NZ had 8 CID/group visits in the first year and 3 in the second year. Instruction on
diet and exercise was provided with additional ‘homework’ prior to the CID, which included a

4-day self reported food diary to monitor dietary intake.

This thesis presents findings from 3 studies. Chapter 3 presents Phase | of PREVIEW:NZ which
is the 8 week LED intended to achieve rapid weight loss goal of >8% body weight. Chapter 4
presents Phase Il of PREVIEW:NZ which is the 2-year weight loss maintenance lifestyle

intervention. Chapter 5 presents a Gl sub-study conducted in a group of lean healthy participants.

In total, 321 participants were eligible and registered to start the PREVIEW:NZ study, of which
305 participants attended the first CID1/Baseline visit and 267 completed the 8-week LED and
attended CID2/Post LED. The baseline characteristics of the 267 participants who attended
CID2/Post LED were predominately female (76%), and Caucasian (58%) when compared to 33%
Maori/Pacific and 9% Other ethnicities (including Asian). The 8-week LED weight loss phase
resulted in mean (SEM) body weight loss of -11.5 (0.3) kg and -10.7 (0.3) %. 249 out of 267
(39%) who attended CID2 achieved the required 28% weight loss goal. Men were significant
heavier at baseline and lost the most absolute body weight. Maori/Pacific were significantly
heavier than Caucasian and Other at baseline and also lost the most absolute body weight.
During the LED phase, there was an improvement in glycaemia in all participants with no gender
or ethnic specific differences seen. A greater change in fasting plasma glucose (FPG) was found
with a greater change in body weight and FM. Other markers of metabolic health including fasting
insulin, insulin resistance assessed through HOMA-IR, beta cell function assessed through C-
Peptide, and inflammation assessed through hs-CRP, as well as blood pressure and lipid profile,

significantly improved in all participants following weight loss.

Chapter 4 presents Phase I, the 2-year weight maintenance phase. Regression analysis was
conducted ‘blinded’ to diet group in 2 ways; categorical and continuous multivariant analysis.
Information on randomised diet groups was not available for data analysis in this thesis, as the
international multi-centre PREVIEW intervention had not yet been completed. The categorical
analysis compared the higher protein vs. the higher CHO diet groups, differentiated using
reported diet data from the 4-day food diary at CID3/6 months. The continuous multivariant
analysis used 3 methods of statistical analysis, (i) observed data only, plus imputation using (ii)
last-value-carried—forward and (iii) multiple imputation The categorical analysis showed both diet
groups maintained some of the anthropometric and metabolic improvements of the LED,
remaining below the pre-trial baseline by the end of the 2-year follow-up; but notably with no
difference between the 2 diet groups. The continuous analysis using observed data showed a
small but significant inverse relationship with protein content of the diet, where an increase in
10en%protein was associated with better weight loss maintenance of ~1kg during Phase Il. There
were no gender differences, however Maori/Pacific was found to have more rapid weight regain,

3 kg over 2 years, when compared to Caucasian. Over time, there was also an increase in total



energy intake over the 2-year follow-up. The results from the continuous multivariant analysis

using imputation showed similar findings.

Chapter 5 presents results from 2 kumara and Gl substudies, each conducted in 10 lean, healthy
individuals, and using the International Gl methodology protocol with monosaccharide glucose as
the control food. The statistical analysis used AUC for glucose (0 to 120 min), delta change, and
incremental AUC glucose. Post hoc testing was performed using Tukey's pair-wise comparison
at time 0, 15, 30, 45, 60, 90 and 120 minutes. The first kumara and GI study used calculated
available CHO values, and found kumara to be a very high-Gl food item. The unexpectedly high
results led to this study being repeated using measured available CHO values, analysed at a local
accredited food analysis company. Substudy 1 using the calculated values showed that kumara
has a high Gl of 99 units, reduction of Gl was found when consumed hot and with skin due to the
changes to resistant fibre. Substudy 2 using the analysed values, and confirmed the very high-Gl

value of kumara, as shown in both studies.

In conclusion, this thesis demonstrated a number of important outcomes. Firstly, an 8-week meal
replacement LED was an effective method of short-term rapid weight loss for those overweight
and at high risk of developing T2D, when assessed in a multi-ethnic cohort of adults from the
Auckland region. It was able to achieve significant improvements in both anthropometry and
glucose-related and other metabolic markers, with some evidence that men may have greater
health improvements than women. Surprisingly however, there were no ethnic differences in
terms of metabolic improvements. Secondly, 2 years of lifestyle intervention for weight loss
maintenance had some success, with those who achieved 28% body weight loss during the LED
having some rebound weight regain, but not returning to pre-trial levels of overweight during the
2 years of this thesis. This also was seen in the metabolic endpoints, with gradually worsening
glucose and other markers. Unexpectedly, there was no evidence that recommendations to
replace dietary fat with higher levels of protein rather than CHO had a clinically relevant effect on
body weight or metabolic endpoints, with +10en% protein increase expected to result in only ~1kg
better weight loss maintenance over 2 years. Changes in Gl were difficult to achieve, with Gl
response to foods quite unpredictable, and so may not be a useful tool for diet education. There
were no clear differences between men and women, but Maori/Pacific regained more weight
when compared to Caucasian during weight maintenance. Use of an LED followed by regular
support during the weight maintenance phase with inclusion of a ‘rescue’ protocol to promote
compliance and sustained weight loss maintenance may improve the outcomes from low-fat
higher protein diet regimes, which require further research before they can be recommended for

T2D prevention.
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Chapter 1: Introduction

Chapter 1 Introduction

The prevalence of obesity is increasing worldwide with the number of those overweight (O/W)
and obese having almost doubled from year 1980 to 2008, creating a worldwide obesity
pandemic. More than 1.9 billion people are classified as O/W and 600 million are classified as
being obese (Swinburn et al., 2011; World Health Organization, 2017). Obesity is a major
contributor to the overall chronic disease burden and disability, with significant social and
economic impact (World Health Organization, 2017). Obesity is the leading modifiable risk to
health and it has been associated with chronic conditions, health complications, overall death and
rising economic health costs (Heymsfield & Wadden, 2017; Swinburn et al., 2011). There is
strong evidence suggesting that obesity increases comorbidities linked to metabolic syndrome.
These include stroke, hypertension, cardiovascular disease, cancers (prostate, breast, liver,
kidney, colon, ovarian and endometrial) and Type 2 Diabetes (T2D) (Calle et al., 1999; Calle et
al., 2003; Deng & Scherer, 2010; Guiducci et al., 2013; Penn. et al., 2009; Perez, 2013). As the
obesity prevalence increases so does the incidence of these chronic conditions, leading to

increased health costs and economic expenditure.

The International Diabetes Federation (IDF) claims that 415 million (or 8.8% of the global
population) adults have T2D worldwide, with 318 million with pre-T2D or impaired glucose
tolerance, expected to increase to 642 million (or 10.4% of the global population) and 482 million,
respectively by 2040 (Cefalu et al., 2016). In order to prevent the rising numbers of these
obesity-driven conditions, it is essential to target the global obesity challenge. It is estimated that
the global cost of obesity is $2.1 trillion USD per year, which equates to the combined cost of
armed violence, war and terrorism and is linked to 5% of all annual deaths (Dobbs et al., 2014).
From 1975 to 2014, there has been a six-fold increase in obesity. The World Health Organisation
(WHO) aims to stop the rise of obesity rates to “virtually zero”, from year 2010 to 2025 (NCD Risk
Factor Collaboration, 2014). As well as dietary and exercise lifestyle interventions, effective
communication, expansion of regulation and fiscal policies are some other strategies suggested
to tackle obesity (OECD, 2017).

1.1 Obesity

1.1.1 Global Obesity Pandemic - Prevalence and Aetiology of Obesity

The prevalence of obesity is on an upward trend worldwide and has almost doubled between
1980 and 2008. In 1980, only 5% of men and 8% of women had a BMI 230kg/m?. Currently, one
in two adults and nearly one in six children are O/W or obese, which equates to an increased
10% in men and 14% in women (OECD, 2017; World Health Organization, 2017). It is estimated
that 1.9 billion adults and 41 million children were O/W in 2014, of these 600 million adults were
obese (BMI=30kg/m?) (World Health Organization, 2017), a number that has increased six-fold
from 1975 to 2014 (NCD Risk Factor Collaboration, 2014) and is projected to increase further by
year 2030 (OECD, 2017). Current global pandemic has more than 50% of the world’s population
classified as O/W (39% O/W and 13% obese) (World Health Organization, 2017). O/W is
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classified as having excessive weight of at least 20% higher than what it should be against height
(m2), with a BMI of 25.0-29.9kg/m?2, whereas obesity is classified as having a BMI of 230kg/m2.
The global pandemic of this obesity issue has many detrimental effects on health factors, social
aspects and the rising economic cost to the health budget due to the positive correlation to the
development of many chronic conditions such as cardiovascular effects, T2D and some cancers
(Blackstone, 2016; Chan, 2017; Gittelsohn & Trude, 2017; Guiducci et al., 2013; Nichols et al.,
2013; Palou & Bonet, 2013; Rigby, 2013; Ruan et al., 2013; Statistics New Zealand, 2016; Wing
et al., 2004). Adult obesity rates are highest in United States, Mexico and New Zealand with 1 in
3 adults (>30%) being obese, while lowest in Japan and Korea at 3.7 and 5.3%, respectively
(OECD, 2017). Over the past decade, the obesity prevalence has increased in Mexico, United
States, Canada, France and Switzerland, but has stabilised in England, Italy, Spain and Korea
(OECD, 2017). However, Korea and Switzerland are the two countries projected to increase at
a faster rate with projected rates of obesity of 9 and 15%, respectively, in year 2030 (OECD,
2017). The obesity levels are projected to be 47%, 39% and 35% by 2030 for United States,
Mexico and England, respectively (OECD, 2017).

Policies and initiatives to tackle obesity have occurred over the last few years around the world.
These strategies include pricing and fiscal measures, such as taxation of unhealthy food (e.g.
sugar tax) to increase the price of potentially unhealthy food options, and aim to drive the
consumer to healthier, cost effective options. These measures have been introduced in Mexico,
Belgium, Chile, Finland, France and Hungary (OECD, 2017). Other strategies include reformation
of products and restricting portion sizes using specific guidelines, work-based and school-based
lifestyle intervention and intervention in primary care and within the community (OECD, 2017).
Other policies around communication address the need to improve health literacy, specialised
marketing regulations and food label requirements to assist with consumer understanding and
buying power, such examples include changes to food labelling of nutrient list, traffic light system
and use of information logo (OECD, 2017). Echini et al suggest the benefits of the ‘traffic-light’
system increasing healthier option section by 17.95%, and a 3.59% reduction in calorie intake
(Cecchini & Warin, 2016). This unsustainable economic costs and pressure to the healthcare
system is preventable or reduced by delaying the diagnosis of chronic conditions and micro- and
microvascular complications (Arena et al., 2017; Buhler et al., 2013; Knowler et al., 2009; Zhang
et al., 2013). Withrow et al estimates an increase of 30% in health cost of people who are O/W,

when compared to the healthy weight population (Withrow & Alter, 2011).

Obesity is a complex condition influenced by multiple factors including genetics, physiological,
metabolic, social, environmental and psychological factors (Ogden et al.; Swinburn et al., 2011;
Wadden & Stunkard, 1993; World Health Organization, 2017). Gender differences, education
and socio-economic background are linked to obesity (OECD, 2017). Women have higher rates
of obesity than men, but the rate of obesity in men is increasing. Less educated women are 2-3
times more likely to be O/W than those with a higher level of education, however in United States,
obesity rates have been increasing most rapidly among high educated people (OECD, 2017).

Within the labour market, obese people have poorer job prospects and contribute to reinforcing
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existing social and health inequalities (Devaux & Sassi, 2015). People who are obese have been
reported to earn 10% less than those who are not obese with negative labour market outcomes
i.e. less productivity, more sick days and fewer worked hours (OECD, 2017). Obesity is
associated with the metabolic syndrome and is linked with insulin resistance (IR) (Lee. et al.,
2013; Singleton et al, 2003; Zimmet. & Baba, 1990; Zdocalo et al.,, 2017). Impaired glucose
tolerance (IGT) is one of the factors for metabolic syndrome and is a state of insulin resistance
(IR) shown to predict both large- (macrovascular) and small-vessel (microvascular) outcomes
(Singleton et al., 2003). Microvascular outcomes can contribute from chronic impaired glucose
control e.g. renal disease (nephropathy), diabetes related eye disease (retinopathy) and nerve
damage (neuropathy). Macrovascular complications include coronary artery, cerebrovascular
and peripheral vascular disease (Lee. et al., 2013; Zécalo et al., 2017). An obese state leads to
increased release of free fatty acid and adipocytokines from adipocytes causing inhibition of nitric
oxide-medicated vasodilation leading to direct metabolic injury of endothelial and end-organ cells

all contributing to vascular damage (Singleton et al., 2003).

1.1.2 Classification of Overweight and Obesity

O/W and obesity are classified by using body weight (BW) (kg) and height (m), following the
equation weight (kg) / height squared (m?). Optimum health is determined with having a body
mass index (BMI) of 21 to 23kg/m? in the adult population, while the goal for individuals should
be to maintain BMI in the healthy range of 18.5 to 24.9kg/m? (World Health Organization, 2017).
There is increased risk of co-morbidities for those O/W (with a BMI of 25.0 to 29.9kg/m?), and
moderate to severe risk of co-morbidities for those obesity (with a BMI 230kg/m?) (World Health
Organization, 2017) (see Table 1 below). Previously, WHO had ethnic specific BMI but this was
removed, even though a lower cut-off is suggested for Asian population and a higher cut-off for
the Maori/Pacific population due to adipose distribution (Fantuzzi, 2005; Rush et al., 2007; Rush
et al., 2009; Vazquez et al., 2007).

BMI = WEIGHT (kq)
HEIGHT (m)2

Table 1: BMI classification in adults

Classification Underweight Healthy ow Obesity Obesity Obesity

Weight Class | Class Il Class Il
BMI range <18.5 18.5-24.9 25-29.9 30-34.9 35-39.9 >40
(kg/m?)

BMI, Body Mass Index = the weight (kg) divided by the square of the height (m) = kg/m2, extrapolated from WHO BMI
classification (World Health Organisation, 2016), O/W, overweight

Adipose tissue is required for normal pathological and physiological functions, to regulate energy
expenditure, insulin sensitivity, endocrine and reproductive system, metabolism of bone,
immunity, appetite and inflammation (Genoni et al, 2013; Liu et al, 2005). BMI is an index of
adiposity, that provides a simple measure of O/W and obesity, which in large cohorts is strongly
related to disease risk. Obesity, calculated using BMI, is associated with increased mortality

shown in an U-shaped curve (Carmienke et al., 2013). However, ectopic fat or central fat
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distribution has a stronger association with mortality showing a J-(WHR) shaped curve
(Carmienke et al., 2013). The site of lipid deposition appears to be critical to morbidity and

mortality risk (Carmienke et al., 2013).

1.1.3 New Zealand - Prevalence of Obesity

New Zealand, like other countries is also following the same trend of obesity rates and is currently
rated third when compared to the rest of the ‘Organisation for Economic Cooperation and
Development’ (OECD) countries, behind only US and Mexico (OECD, 2017). The New Zealand
Health Survey reported that two-thirds (65%) of New Zealanders are O/W, half (or 32.2% of the
total, increased from 26.5% in 2006) are classified as obese, with 31% of New Zealand children
classified as O/W or obese (Ministry of Health, 2016; Statistics New Zealand, 2016). A breakdown
in ethnicity shows 50.2% of Maori adults and 15% Maori children were obese and 68.7% of Pacific
adults and 30% Pacific children were obese (Ministry of Health, 2016; Ministry of Health, 2017) .
Poverty has been shown to increase risk of obesity with 1.7 times more likely for adults and 5
times for children to be obese who live in the highest deprivation, when compared to the least
deprived (Ministry of Health, 2011; Ministry of Health, 2016; Ministry of Health, 2017). The Pacific
population has the highest rate of obesity of 68.7%, from 61.4% in 2011/12 and 63.4% in 2006/07
(Ministry of Health, 2017). The Maori population has the second highest rate of obesity at 50.2%,
also increased from 44.1% in 2011/12 and 41.6% in 2006/07 (Ministry of Health, 2017). The rate
of obesity for the European population is 30.5%, increased from 25.7% in year 2011/12 and 22%
in 2006/07 (Ministry of Health, 2017; Statistics New Zealand, 2016). The obesity rates in the
Asian population have over doubled over the past decade with some stability, from 6% in 2006/07,
15.9% in 2011/12 to 14.8% in 2016/17 (Ministry of Health, 2017; Statistics New Zealand, 2016).
Table 2 shows the increasing obesity trend over the past ten years. The main issue in New
Zealand and around the world is that obesity is rising in the younger population, whereas 1 in
every 10 (12.3%) children aged 14 years and under is now classified as obese, according to the
2016/2017 New Zealand Health Survey. Table 3 shows the increase in extreme obesity (BMI
>40kg/m?2) in the adult New Zealand population (Ministry of Health, 2011; Ministry of Health, 2016;
Ministry of Health, 2017; Ministry of Social Development, 2016).

Table 2: Obesity rates (BMI>30kg/m?) in New Zealand from 2006 to 2017

Obesity Rates 2006/07 2011/12 2016/17
Adult population 26.5% 28.6% 32.2%
- European 22.0% 25.7% 30.5%
- Maori 41.6% 44.1% 50.2%
- Pacific 63.4% 61.4% 68.7%
- Asian 6.0% 15.9% 14.8%
Children (0-14 years) 8.4% 10.7% 12.3%
- Maori (obese / O/W) 11.8/41.6% 16.7 /1 44.1% 18.1/46.5%
- Pacific (obese / O/W) 23.1/63.4% 25.0/61.4% 29.1/66.2%

New Zealand data: table extrapolated from Ministry of Health, 2017
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Table 3: Extreme obesity rates (BMI>40kg/m?) in New Zealand from 2006 to 2017

Obesity Rates (BMI>40kg/m?) 2006/07 2011/12 2016/17
Adult population 3.4% 4.0% 5.5%

BMI, Body Mass Index (kg/m?); New Zealand data: table extrapolated from Ministry of Health, 2017

Table 4 shows the adjusted rate ratio of obesity risk (BMI = 30kg/m?2) for the adult population from
the Statistics New Zealand data (Statistics New Zealand, 2016). This shows small differences
between genders, with significantly increased risk in ethnic minority groups of 1.7 and 2.4 for
Maori and Pacific, respectively. Deprivation shows an increased obesity rate ratio of 1.7
compared to those not affect by deprivation (Ministry of Health, 2017; Statistics New Zealand,
2016).

Table 5 shows the adjusted rate ratio of obesity (BMI 230kg/m?) for the children population from
the Statistics New Zealand data (Statistics New Zealand, 2016). This shows small differences
between genders, with significantly increased risk in ethnic minority groups of 1.6 for Maori and
an astounding 3.9 risk ratio for Pacific children. Deprivation shows a much higher rate ratio of
3.0 for children (Statistics New Zealand, 2016).

Table 4: New Zealand Adult Obesity rates adjusted rate ratio between ethnic groups

Adult obesity rates (BMI 230kg/m?) Adjusted rate ratio
Men vs. women 0.9
Maori vs. non-Maori 1.7*
Pacific vs. non-Pacific 2.4*
Asian vs. non-Asian 0.5*
Most vs. least deprived 1.7*

*P<0.05; extrapolated from Statistics New Zealand, 2016

Table 5: New Zealand Child Obesity rates adjusted rate ratio between ethnic groups

Child obesity rates (BMI 230kg/m?) Adjusted rate ratio
Boys vs. girls 0.9
Maori vs. non-Maori 1.6*
Pacific vs. non-Pacific 3.9*
Asian vs. non-Asian 0.7
Most vs. least deprived 3.0*

*P<0.05; extrapolated from Statistics New Zealand, 2016

1.1.4 Causes of Obesity

Multiple non-modifiable, modifiable and other factors are shown to contribute to the increasing
rates of O/W and obesity worldwide. Non-modifiable risk factors include ethnicity, genetic
predisposition, endocrine-related medical conditions and changes to stages of life i.e. post
menopause and ageing (Mahan et al., 2007; World Health Organization, 2017). Lifestyle is one
of the modifiable factors through energy imbalances. Excess weight is developed over time when

energy intake exceeds energy expenditure. Excessive consumption of calories, especially
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through fat, sugar and alcohol can lead to weight gain over the long-term (Chan, 2017; Chan et
al., 1994; Guiducci et al., 2013; McLean et al., 2009; OECD, 2017). Poor nutrition and physical
inactivity leads to excess adipose tissue, local adipose inflammation, which over time may
develop into chronic systemic inflammation, IR, hypertension, arterial dysfunction plaque,
abnormal cell growth, ultimately increasing chronic disease risk (Arena et al., 2017; Pedersen,
2009).

Behaviour from mental health disorders can also increase risk of developing obesity through
emotional binge eating or cravings for high fat and sugar foods (Palou & Bonet, 2013). Large
quantities of food through large portion sizes can also increase overall energy intake leading to
O/W and obesity. A reduction in physical activity leads to reduced energy output or energy
expenditure, caused from increase in sedentary activity, whilst consuming high energy snacking
while watching TV and reduced physical activity or exercise (Reeves et al., 2013). Other causes
include endocrine related conditions, medication adverse effects leading to an increase in
appetite, mental health condition, smoking cessation leading to increased appetite, sleep
deprivation, social factors and surrounding affordability of unhealthy vs. healthy food. How these
factors affect the development of obesity is not completely elucidated but some mechanisms have
been proposed. With increasing age, the hormonal changes across the perimenopause
substantially contribute to increased abdominal obesity leading to physical and psychological
morbidity (American Diabetes Association, 2018; Astrup & Rdssner, 2000; Baird et al., 1974;
de Boer. et al., 2013). Inadequate sleep has been shown to cause a reduction in circulating
leptin and an increase in circulating ghrelin, resulting in a reduction of insulin sensitivity
(Gangwisch et al., 2005; Yaggi.et al., 2006). Smoking may also enhance the negative health
effects of obesity. In the USA, 4.7% of those who are O/W also smoke (Healton et al., 2006).
Moreover, major weight gain has been correlated to smoking cessation (Williamson et al., 1991).
Obesity and socioeconomic status have also been shown to correlate positively, especially in
highly developed countries (McLaren, 2007; Sobal & Stunkard, 1989). In New Zealand, as
obesity increases, there is an increased trend in blood pressure, cholesterol levels, arthritis,
chronic pain and mood/anxiety disorders, as indicated on Table 6. Table 7 reports the change in
macronutrient intake from 1997-2016 with gender and ethnic differences (Ministry of Health, 2006;
Ministry of Health, 2016; Parnell et al., 2011).
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Table 6: Obesity rates and chronic conditions in New Zealand from 2006 to 2016

2006/07 2011/12 2015/16
Obesity Rates 26.5% 28.6% 31.6%
High Blood Pressure 13.8% 16.0% 16.3%
High Cholesterol 8.4% 10.5% 11.3%
IHD 5.3% 5.5% 4.6%
Arthritis 14.9% 15.1% 17.0%
Chronic pain 17.0% 16.2% 19.9%
Mood/anxiety disorders 12.7% 16.3% 17.4%

IHD, Ischaemic heart disease
New Zealand data: table extrapolated from Ministry of Health, 2016

Table 7: Intake of macronutrients (grams/percentage TE) in New Zealand from 1997-2016

1997 2008/09 2015/16

Carbohydrates 1659/46.0% 2500/46.6%

Male 3059/45.0% 289g/46.0%

Female 2149/47.0% 213g/47.0%

Maori - male 42.0% 3019/43.9%

Maori - female 47.0% 2209/46.6%

Pacific — male 45.0% 3049/46.8%

Pacific - female 47.0% 2369/48.1%

Caucasian — male 288g/46.2%

Caucasian - female 211g9/47.1%

Protein 889/15.6% 889/16.5% 18.6%
Male 105¢/15.0% 1049/16.4%

Female 719/16.0% 739/16.5%

Maori - male 1149/16.8%

Maori - female 760/16.3%

Pacific — male 1099/16.8%

Pacific - female 810/16.9%

Caucasian — male 1039/16.4%

Caucasian - female 739/16.4%

Fat 34.9% 830/33.7% %
Male 1109/33.7% 979/33.7%

Female 36.0% 700/33.8%

Maori - male 34.0% 1139/36.6%

Maori - female 750/35.6%

Pacific — male 1039g/34.2%

Pacific - female 789/34.7%

Caucasian — male 950/33.4%

Caucasian - female 699/33.6%7

New Zealand data: table extrapolated from New Zealand Health Strategy 2016; NHMRC 2006 NZ Adult Nutrition Survey
2008/2009, 2011

1.1.5 Consequences of Obesity

An obese state causes chronic low-grade inflammation, by increasing inflammatory markers, such
as, C-reactive protein (CRP), Tumour necrosis factor (TNF-a) and interleukin-6 (IL-6) (Bullo et al.,

2013; Clement et al., 2004; Fantuzzi, 2005). These proinflammatory cytokines and hormones are
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released by adipose tissue generating a chronic inflammatory profile, which is linked with visceral
or central adiposity (Wisse, 2004). Increased fat leads to an increase in the adipocyte-derived
secretory factors, adipocytokines (fat (adipo), cell (cyto-) and movement (kines)) — the movement
of body fat (also called adipokines). Dysregularity of adipokines leads to a direct impact on the
homeostasis of the metabolic system, causing increased risk in obesity, T2D, hypertension and
cardiovascular disease (Deng et al, 2010). Obesity and metabolic disorders are both
accompanied by low-grade chronic inflammation and insulin sensitivity (Saltiel & Olefsky, 2017).
Inflammation can be measured by CRP, using high-sensitivity C-reactive protein (hs-CRP);
leading to IR and metabolic disease. Insulin sensitivity can be measured by IR using homeostasis
model assessment for insulin resistance (HOMA-IR) calculated from fasting glucose (mg/dl) x
fasting insulin (UU/mI)/22.5] (Xydakis et al., 2004). Evidence shows that a reduction of chronic
excess intra-organ fat through the twin cycle hypothesis can improve IR and prevent or reverse
T2D (Lim et al., 2011; Taylor, 2018; Van Achterberg et al., 2010). An impressive 94% reduction
in lower triacylglycerol was observed after 8 weeks of LED through the weight loss phase (Lim et
al., 2011).

Excessive weight accumulation results in an increased ectopic fat around the liver and pancreas,
leading to pancreatic beta-cell dysfunction and impaired organ function (McCombie et al., 2017).
Fat that is centrally distributed, also known as ectopic or visceral abdominally-positioned fat,
increases the risk of chronic conditions if excessive. Excessive ectopic fat leads to central
adiposity, sometimes termed as ‘beer belly or beer gut’ and also surrounds organs such as the
liver, pancreas, muscle and heart, posing as a high health risk with strong correlation between
visceral abdominal fat and mortality (Fantuzzi, 2005; Rush et al., 2007; Rush et al., 2009; Vazquez
et al., 2007). Ectopic fat is also linked to hepatic (liver) fat which is indicated using triglycerides
(TG) and HDL-cholesterol (HDL-C) (Singh et al., 2017). Liver fat was found to be almost 3 times
higher in O/W participants than in the healthy weight ones (Zhyzhneuskaya et al., 2017).
Subcutaneous or peripheral fat is the type of adiposity that lies immediately under the skin and is
distributed evenly throughout the body, including extremities (fingers and toes) (Fantuzzi, 2005).
Increased visceral, organ fat or ectopic accumulation has a more direct effect in rising risk of T2D,
dyslipidaemia, hypertension and atherosclerosis, than total body (Fantuzzi, 2005; Rush et al.,
2007; Rush et al., 2009; Vazquez et al., 2007).

In summary, obesity links inflammation to IR, leading to a deranged fatty acid metabolism and
impaired cellular functions (mitochondrial dysfunction and endoplasmic reticulum stress), which
ultimately increases the risk of chronic diseases such as T2D (Eckel et al., 2011). Consequently,
the large majority of people who are O/W or obese have an increased risk of developing T2D.
‘Diabesity’ is the term linking the strong correlation and uprising problem between obesity and
T2D (Astrup & Finer, 2000). In order to reduce the exponential rise in the T2D epidemic from
becoming a pandemic, there is an urgent public health and economic requirement to instigate the
prevention of T2D by reducing obesity and maintaining weight loss management through lifestyle
interventions, in a population based setting. Eckel et al reported a gradual age being related with

weight gain. There is a need to acknowledge this trend and a need to instigate population based
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and individual based approaches to promote weight loss and weight loss maintenance over future
years (Eckel et al., 2011). Evidence shows that lowering BW by 5-10% or ~15kg in those severely
obesity (240kg/m?2) improves obesity related co-morbidities such as reduction in T2D and
cardiovascular risk factors, even if the person still remains in the O/W or obese range (Leslie et
al.,, 2017). Nevertheless, weight loss can induce changes in appetite hormones that increase
hunger levels in people with obesity for at least 3 years (Purcell et al., 2014). Moreover, weight
loss causes a persistent reduction in overall energy expenditure, making weight loss maintenance

a challenging task.

1.1.6 Obesity and T2D Risk

One of the primary causes of T2D is IR from weight gain and obesity, with the WHO reporting
that 2.3 billion adults were O/W (=25kg/m?) and that >700 million were obese (230kg/m?), in 2013
(Khavandi et al, 2013). With excessive adiposity being the major risk factor for metabolic disease,
these growing numbers are driving the increase in T2D epidemic (International Diabetes
Federation, 2013). A typical phenotype for a person with T2D is generally older in age, O/W or
obesity, central adiposity, hyperinsulinaemia, dyslipidaemia and hypertension (American
Diabetes Association, 2018; Ferrannini, 2014; Khavandi et al., 2013). Excess adiposity drives
the worsening IR and/or beta cell dysfunction that is central to the underlying cause of T2D (Alberti
& Zimmet, 2014; Dunkley et al., 2014; Ferrannini, 2014; Gittelsohn & Trude, 2017; Gogebakan et
al., 2011; McCombie et al., 2017; New Zealand Guidelines Group, 2011; Perez, 2013; WHO &
IDF, 2006). IR is influenced by -cell degradation leading to metabolic syndrome. In people with
T2D, there is an initial increase in B-cell mass, expression and proliferation leading to
hyperinsulinaemia. Over time, the B-cell gradually becomes exhausted, reduced numbers and

worsen over time leading to B-cell apoptosis (Araujo et al., 2013; Dombrowski et al., 2014).

The United States Diabetes Prevention Program (USDPP) showed that weight loss was the
dominant predictor for decrease in T2D incidence, with T2D risk decreasing by 16% for every
kilogram of BW lost in a 3-year intervention (Diabetes Prevention Program (USDPP) Research
Group, 2002; Hamman et al., 2006). A modest 5kg of weight loss reduced the risk of developing
T2D by 58%, hazard ratio 0.42 (0.35-0.51, P<0.001) (Hamman et al., 2006). Obesity is the
number one risk factor in the current American T2D Standards of Medical Care in T2D and any
weight loss (even <5%) has shown lower T2D incidence rates, via improvements in glucose
metabolism, systolic blood pressure (SBP) and cholesterol levels (American Diabetes
Association, 2018; Zomer et al., 2016). A behavioural modification weight loss interventions have
shown that a weight loss goal of 9% achieved over 6 months resulted in a further 6% weight loss,
18 months after the intervention (Moore et al., 2000; Wadden & Stunkard, 1993; Wing et al.,
2004). There is sufficient evidence around the benefits of 25% weight loss leading to weight loss
maintenance of 6% 18 months following initial weight loss goal. However, USDPP study chose
to use a weight loss goal of 7% (Diabetes Prevention Program (USDPP) Research Group, 2002).
Weight loss not only prevents or delays T2D development but also treats those with T2D resulting
in diabetes remission. In the DIRECT Diabetes Remission study compared a more aggressive

weight loss using LED to standard care in 306 participants with T2D, resulting in a weight loss of

9
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15kg led to over achieved diabetes remission (defined as achieving HbAic <48mmol/mol and no
diabetes medication) in 86% of T2D participants (Lean et al., 2017; Leslie et al., 2016; McCombie
et al., 2017; Taylor et al., 2017).

306 participants with T2D lost 215kg and established diabetes remission in 86% O/W participants,

achieving HbA1c <48mmol/mol and no diabetes medication

1.1.7 Factors increasing T2D risk

There are many non-modifiable and modifiable risk factors affecting the risk of T2D development
other than excessive adiposity. Non-modifiable factors include increasing age, gender (due to fat
being centrally distributed, men’s ‘apple-shape’ is considered higher risk), family history of T2D,
weight related medical conditions (such as polycystic ovarian syndrome from weight gain and IR)
and previous gestational T2D (T2D during pregnancy), or giving birth to a baby weighing over
4.5kg. Also, pre-diabetes (Impaired Fasting Glucose and/or Impaired Glucose Tolerance) poses
a major risk factor for the development of T2D. Moadifiable risk factors include smoking and
metabolic syndrome (high blood pressure, high cholesterol, impaired glucose tolerance and O/W

(centrally distributed obesity), from unhealthy diet and/or physical inactivity.

Of the 3 primary risk factors - family history, age and obesity - the latter is the only modifiable
cause of T2D (Ferrannini, 2014). Ethnicity and poverty are also linked with increased risk of T2D.
In New Zealand, high risk ethnicities include Maori, Pacific and South Asian with at least double
the risk when compared to the New Zealand Europeans (Coppell et al.,, 2013). In this
diabetogenic and obesogenic environment, a population based T2D prevention programme is
required to prevent the development in T2D in high risk groups through weight loss and its

maintenance, with targeted approaches to the diverse requirements (Raben et al., 2013).

1.1.8 Effect of weight on health risk

In people with T2D, weight loss has improved glycaemia making T2D reversible, establishing
diabetes remission (DIRECT) (Lean et al., 2017; Leslie et al., 2016; Taylor et al., 2017,
Zhyzhneuskaya et al., 2017). In a large diabetes prevention study with 33,184 participants,
Feldman et al collated information at baseline from age 30-60 years and follow-up arranged every
10 years, from 1990 and 2013 in Sweden (Feldman et al.,, 2017). There was a positive
correlational trend of increased BMI with age and increased probability of incident T2D (Feldman
et al., 2017). Using weight maintenance as the baseline, resulted in a 52% increased risk (OR
1.52) of developing T2D if any weight gain of >1.0kg/m2. Weight loss of 1-2kg/m? resulted in a
28% reduced risk (OR 0.72) and larger weight loss >2kg/m? resulted in a lower risk with an odds
ratio of 0.39, 61% (Feldman et al., 2017). In conclusion, there is a public health need to promote
weight maintenance for the prevention of T2D, also to promote weight loss for those O/W (BMI
>25kg/m?) with targeted interventions for the high risk populations (Feldman et al., 2017).
Treatment of obesity using lifestyle changes is linked to energy balance. If energy intake exceeds

energy output, this will result in weight gain (McManus et al, 2001).
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1.1.9 Metabolic Parameters

In the O/W and obese population, excess adipose fat increases circulating free fatty acids (FFA)
to the liver, pancreas and other tissues, leading to increased triglyceride deposits, releasing
adipokines, triggering an inflammatory response resulting in IR and reduced insulin sensitivity,
affecting plasma insulin as excess insulin (hyperinsulinaemia) is produced to counteract the
glycaemia. In 2012, the Counterbalance study was the first qualitative study exploring weight
loss using commercial nutritionally complete low energy diet (LED) on T2D participants. The
authors monitored patient experience and LED acceptance and found that LED was well accepted
and tolerated with the weight loss result being a major motivation factor. In this study, the initial
mean (SEM) BW was 98(2.6) kg and all participants lost the target of 8%, reaching 83.8(2.4) kg
after 2 months of LED, Notably, 40% of the participants also reversed the T2D diagnosis,
achieving a fasting glucose of under 7.0 mmol/l (Dale et al, 2009a; Dale et al., 2009b; McCombie
etal., 2017; Rehackova et al., 2017). The Look AHEAD study found that it was feasible to achieve
and maintain weight loss in participants with T2D and that using partial meal replacements
improved diet quality over 8-year follow-up. Weight loss of 4.7% was maintained at 8 years with
50% of the participants losing at least 5% of their BW and 27% patrticipants losing at least 10%
BW (Look AHEAD Research Group & Wing, 2010). Moreover, the authors found that weight loss
led to reduction of overall risk factors by improving metabolic markers, mobility, physical and
sexual functioning, and health related quality of life in those O/W with T2D risk (Eckel et al., 2011,
Look AHEAD Research Group & Wing, 2010).

Weight loss has a direct impact on improvement in metabolic health and glycaemic control and
risk on development or worsening T2D (Chan, 2017; Eckel et al., 2011). Impaired glucose
tolerance (IGT) is more prevalent than Impaired fasting glucose (IFG), in prevalence studies,
<50% with IFG have IGT and only 20-30% with IGT also have IFG. IGT is related to the
accumulation of centrally distributed fat, ectopic fat and IR showing a strong associated with
cardiovascular risk factors such as hypertension and dyslipidaemia (features of the metabolic
syndrome, and more common in women). Whereas, IFG is association with insulin sensitivity
and is more common in men (Bourn et al., 1994; Nathan et al., 2007; Unwin et al., 2002). All of
these T2D prevention trials showed reduced risk of developing T2D by up to 68% through lifestyle
changes and weight reduction (Haywood et al., 2017; Nathan et al., 2007; Unwin. et al., 2002).

1.1.10 Diagnosis using Glycaemia

Diabetes is diagnosed using fasting plasma glucose (FPG) and 2-hour postprandial plasma
glucose (2h-PPG) through an oral glucose tolerance test (OGTT) and Glycated Haemoglobin
(HbAxc) (Braatvedt et al., 2012; Coppell et al., 2013; New Zealand Guidelines Group, 2011; WHO
& IDF, 2006). OGTT encompass of impaired glucose tolerance (IGT) which is associated with
peripheral IR (muscle), whereas impaired fasting glucose (IFG) is associated with abnormal
hepatic glucose output / insulin sensitivity (liver) (Faerch et al., 2009; Nathan et al., 2007). Table
8 summarises the diagnostic criteria for the diagnosis of IGT and T2D (American Diabetes
Association, 2018; WHO & IDF, 2006). New Zealand uses the same criteria as the WHO, except

for HbA1c. New Zealand uses the cut-off of 50mmol/mol, which is equivalence to an HbAic of
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6.8% in the old criteria, where the cut-off was 7.0% (NZSSD; 2011). To determine diagnosis of
pre-diabetes, a series of fasting glucose measurements were used [mean sensitivity of 0.25 (95t
confidence interval 0.19-0.32) and specificity of 0.94 (0.92-0.96)] and HbA1¢ [0.49 (0.40-0.58) and
specificity 0.79 (0.73-0.84) (Barry et al., 2017). Both parameters are used as Barry et al found in
49 studies, 47% of individuals with abnormal HbAic had no other abnormal glycaemia (Barry et
al., 2017). Studies show that using OGTT results in misdiagnosis of pre-diabetes, when
compared to HbA1C (Guo et al., 2014; Lopez- Lopez et al., 2017; Maki, 2017; New Zealand
Guidelines Group, 2011; Sequeira & Poppitt, 2017; Unwin. et al., 2002). When assessed against
diagnoses using FPG and 2h-PPG, HbAic had low sensitivity and high specificity for identifying
T2D and pre-diabetes, varying as a function of age and race (Guo et al., 2014). Individuals who
meet the impaired glucose tolerance (IGT) or impaired fasting glucose (IFG) criteria usually have
HbAuc within or only just above the normal range; however this degree of glycaemia is associated

with metabolic and cardiovascular abnormalities (Unwin. et al., 2002).

Pre-diabetes is defined as having impaired fasting glucose (IFG) or impaired glucose tolerance
(IGT) defined as the period prior to the onset of T2D when impaired glycaemia is identified either
through raised fasting blood glucose of between 5.6-6.9mmol/l and/or raised postprandial blood
glucose of between 7.8-11.0mmol/l (New Zealand Guidelines Group, 2011; WHO & IDF, 2006),
or through chronically raised levels of HbA1c of between 39-47mmol/mol (WHO & IDF, 2006) or
40-49mmol/mol in New Zealand (New Zealand Guidelines Group, 2011).

WHO diagnostic criteria for T2D diagnosis uses the HbA. cut-off of 248mmol/mol, with a cut-off
27.0mmol/l for FPG or 211.1mmol/l for 2h-PPG (WHO & IDF, 2006). In New Zealand, the cut-off
for T2D diagnosis is 250mmol/mol (New Zealand Guidelines Group, 2011). This raised HbA1c
could lead to under-estimation of T2D diagnosis as the level is 2mmol/mol higher than the WHO
guidelines.

For the PREVIEW study, only fasting and 2-hour postprandial glycaemia using an OGTT was
used for the diagnosis of pre-diabetes. This was due to the recommendation to HbA1c being

recommended worldwide after the study protocol was in place.

Table 8: Diagnosis of Normal, Pre-diabetes and T2D

ADA WHO New Zealand
Normal FPG FPG <5.5mmol//L FPG <6.0mmol//L FPG <6.0mmol//L
2h-PPG 2h-PPG <7.7mmol//L 2h-PPG <7.7mmol//L 2h-PPG <7.7mmol//L
HbA1c HbA1c <40mmol/mol HbA1c <40mmol/mol HbA1c <40mmol/mol
Pre-Diabetes IFG (mmol/l) FPG 5.6 t0 6.9 FPG 6.1t0 6.9 FPG 6.11t0 6.9
IGT (mmol/l) 2h-PPG 7.8-11.0 2h-PPG 7.8-11.0 2h-PPG 7.8-11.0
HbA1c HbA1c 40-47mmol/mol HbA1c 40-47mmol/mol HbA1c 40-49mmol/mol
T2D FPG FPG >7.0mmol//L FPG >7.0mmol//L FPG =7.0mmol//L
2h-PPG 2h-PPG >11.0mmol/l 2h-PPG >11.0mmol/l 2h-PPG >11.0mmol/l
HbA1c HbA1c 248mmol/mol HbA1c 248mmol/mol HbA1ic 250mmol/mol

FBG, Fasting blood glucose; 2h-PPG, 2-hour postprandial blood glucose; IFG, Impaired Fasting Glucose; IGT, Impaired
Glucose Tolerance; T2D, Type 2 Diabetes; HbA;c, Glycated Haemoglobin
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1.2 Type 2 Diabetes

1.2.1 Global T2D Pandemic - Aetiology and Prevalence of T2D

T2D incidence is increasing worldwide, with total numbers multiplied at least two times in the past
2 decades and is considered one of many health conditions arising from weight gain and obesity
(Alberti. & Zimmet, 2014; International Diabetes Federation, 2013; Zimmet. & Alberti, 2016). A
large and growing problem, the costs of T2D to society are high and rising, with increased T2D
prevalence paralleled by decreased quality of life, increased morbidity, and increased healthcare
costs (Backholer et al., 2013). Previously, underrated as a global public health threat its
unrelenting rise can no longer be ignored (Alberti. & Zimmet, 2014). One hundred and ten million
people globally were reported with T2D in 1994, rising to 382 million in 2013, with a projected
increase to 592 million by 2035 and 642 million by 2040 (Herman, 2017; International Diabetes
Federation, 2013). A 6-fold increase in 40 years, with 80% from low- and middle-income countries
(Guariguata et al., 2014; International Diabetes Federation, 2013). In 1980, China had a T2D
prevalence of 0.9%, this has since increased to 9.6% representing to ~100 million people with
T2D (International Diabetes Federation, 2013; Pan et al., 1997). In the United States, the
prevalence of T2D rose from 5.1% in 1988-1994 to 7.7% in 2005-2006 (Cowie et al., 2009) and
further to 10.9% in 2013 (International Diabetes Federation, 2013). Early T2D diagnosis is
reported occurring in children, adolescents and young adults, reflecting on a parallel increase in
overweight and obesity incidence in this population (Alberti. & Zimmet, 2014; Zimmet. & Alberti,
2016).

With the number of T2D increasing at an alarming rate, there is more emphasis and need for the
development of effective screening and T2D prevention programmes to diagnose T2D early and
provide appropriate treatment (International Diabetes Federation, 2013). The guidelines on T2D
management focused strongly on the use of antidiabetic drugs (total of 488, excluding insulin),
licensed with 70 generic compounds, with only lip service provided for diet and lifestyle advice
and intervention, until the 2018 Medical Management for T2D suggesting the use of LED for
weight loss followed by a supportive weight maintenance programme (American Diabetes
Association, 2017; American Diabetes Association, 2018). In the Counterbalance and the
DIRECT studies, using LED for weight loss of 15kg, to enable T2D remission in 86.1% of
participants and improved glycaemia, resulted in a strong sense of personal achievement and
empowerment (previously described in Section 1.1.6) (Lean. & Hankey, 2018; McCombie et al.,
2017; Madjd et al., 2016; Rehackova et al., 2017; Taylor et al., 2017; Taylor et al., 2010). Table
9 shows the percentage incidence of T2D worldwide with an average increase of 55% (range
from 22 to 109%) (Herman, 2013).
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Table 9: Incidence of T2D worldwide with predicted (%) increase from 2013 to 2035 from IDF, 2013

Region 2013 (millions) 2035 (million) Increased (%)
Africa 19.8 41.4 109.0
Middle East and North Africa 34.6 67.9 96.0
South East Asia 72.1 123.0 71.0
South and Central America 241 38.5 60.0
Western Pacific 138.2 201.8 46.0
North America and Caribbean 36.7 50.4 37.0
Europe 56.3 68.9 22.0
World 381.8 591.9 55.0

1.2.2 Cost Benefit Analysis

In 2015, IDF estimates that countries allocate 5-20% of total healthcare expenditure to T2D
(Herman, 2017). In 2015, estimated T2D-related global health expenses equated to $673 billion,
from $376 billion (12%) in 2010. From 12% in 2010 to approximately 20% of all global health
expenditure. Prospective data suggests that this is just the beginning of an increase in ongoing
costs linked with obesity and related factors (Alberti. & Zimmet, 2014; Herman, 2017). This cost
has been projected to rise to $802 billion by 2040 (Herman, 2017). In the US alone, the estimated
cost for T2D in 2012 was $245 billion, an increase of 41% since 2007, with average medical
expenses of $13,700 per person per year. This is 2.3 fold higher than those without T2D
(American Diabetes Association, 2016; American Diabetes Association, 2017; American
Diabetes Association, 2018). Clearly, prevention and treatment of T2D is crucial for economic

benefits and must become a central focus for health policy and government actions.

1.2.3 T2D in New Zealand

New Zealand is also following the same upward trend as most countries worldwide. There was
an increase from 7% prevalence in 2008/09 to 11% in 2013 (Alberti. & Zimmet, 2014; Coppell et
al., 2013; International Diabetes Federation, 2013). In 2015, it is estimated that 257,000 people
have T2D in New Zealand (Figure 1), with 40 new diagnoses per day from 2014, which equates
to 14,600 per year (Jo & Drury, 2015; Ministry of Health, 2018). Over the 5-year Ministry of Health
plan, six main priorities arise, which included prevention of T2D in high risk groups, early detection
to improve glycaemia and prevent complications, review and educate self-management of T2D
control, improvement of overall service quality, promotion of integrated care with changes in
systems and meeting the needs of people with Type 1 Diabetes (Jo & Drury, 2015; Ministry of
Health, 2018).
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Population (n)  Age group Prevalence of  Specifics
T2D NZ (%)

Sundborn et al, 2007 4,049 5.2% European Highest Samoan men
(Sundborn et al., 7.3% Maori 26.2%,
2007) 6% Pacific Tongan women 35.8%
Smith et al, 2008 427,400 All ages 9% CMDHB
(Smith et al, 2008) 145,300 6.4% NDHB

381,500 7.4% ADHB

439,600 5.8% WDHB
Balalla et al, 2013 Auckland =30 years old 9% Auckland population
(Balalla, 2013) population
Thornley et al, 2011 9.6%
(Thornley et al., 2011)
Coppell et al, 2013 4,721 NZ Adult 7%
(Coppell et al., 2013)  Nutrition Survey
Jo et al, 2015 198,625 All ages 4.4% Year 2009
(Jo & Drury, 2015) VDR
Warin et al, 2016 63,014 230 years old 8.5% Est. $1b healthcost by 2016
(Warin et al 2016)
Ministry of Health, 245,680 All ages Year 2017

2018

VDR, Virtual Diabetes Register, Est, estimated; 1b, 1 billion dollars
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Figure 1: The number of T2D patients on the Virtual Diabetes Register from year 2005 to 2017, (Jo &

Drury, 2015; Ministry of Health (2018)

Ethnicity contributes to T2D risk significantly. New Zealand has a diverse population with approx.

74% European/Caucasian, 7.4% Pacific Island, 14.9% Maori (Indigenous to New Zealand) and
11.8% Others (Sorensen et al, 2015). Sundborn et al showed that Maori population had a 2.5

times and Pacific 4 times greater risk of developing T2D when compared to European, with the

highest rates found among Samoan men of 26.2% and Tongan women 35.8% (Sundborn et al.,
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2007). There are an increasing number of people from the minority groups being diagnosed with
T2D in the younger population. The world’s highest prevalence of T2D in Tokelau - Pacific Island,

where almost 40% of adults are reported to have T2D (International Diabetes Federation, 2013).

1.2.4 Prevention of T2D
1.2.4.1 Pre-Diabetes

NZSSD recommends testing the high risk population, which includes adults over 25 years of age
with ischaemic heart disease, those who are obese (BMI 230kg/m?, or Indo-Asian =227kg/m?), of
high risk ethnic group, i.e. Maori, Pacific or Asian, family history of T2D in direct family or had past
diagnosis of Gestational Diabetes (New Zealand Guidelines Group, 2011). People with pre-
diabetes have a higher mortality rate (Gong et al, 2016) and increased risk of developing T2D.
Lindstrém et al has combined all the risk factors (BMI, gender, age, family history, diet and
exercise and previous gestational T2D) around T2D risk and developed the Finnish Diabetes Risk
Score (FDRS) to determine ones’ risk of developing T2D (Lindstrom et al., 2003). This impaired
glucose homeostasis and IR of pre-diabetes is directly linked to obesity and physical inactivity
(Alberti. & Zimmet. 2014; Alibasic et al, 2013) and is a key target of T2D prevention. The Da Qing
T2D prevention study is one of the longest T2D prevention trials with a significant reduced risk of
T2D by 31-46% (Cefalu et al., 2016). At the 20- and 23-year follow-up, a continued lower
reduction risk of 43% attenuated in the intervention group. As well as a reduction of T2D
development, there was also a 47% reduced risk of developing diabetic retinopathy. After
23-years of follow up, there was a significantly reduced cardiovascular mortality by 41% and
all-cause mortality by 29% (Gong et al., 2016; Li et al., 2008; Pan et al., 1997). Another T2D
prevention study, the Finnish Diabetes Prevention Study (FDPS) showed a reduced relative risk
of 58%, 43% continued reduction at 7-yr. and 38% reduced reduction after 13 yrs. (Lehtisalo et
al., 2016; Lindstrom et al., 2008; Lindstrdom et al., 2013; Nilsen et al, 2011). The USDPP study
compared 3 groups (lifestyle with 7% weight loss, Metformin and control) and found a 58%
reduction for the lifestyle intervention vs. a 31% reduction with Metformin when compared to the
control group. Over 10 year followup, a 34% reduced reduction was shown in the lifestyle group
vs. 18% for the Metformin group. After 15 years, the lifestyle group still showed a 27% reduction
in risk of developing T2D (Crandall et al., 2008; Nathan et al, 2013).

All the T2D prevention trial success lies in its ability to improve glycaemia, insulin sensitivity and
reduce IR through a combination of initial weight loss and weight loss maintenance, via lifestyle,

metformin, support and placebo (Cefalu et al., 2016).

Group based T2D prevention programs based on lifestyle modification have been shown to
provide a cost effective opportunity, where diet and/or physical activity (PA) are modified within
the community in programs targeting high risk, O/W, hyperglycaemic individuals (Pan et al., 1997;
Tuomilehto et al., 2001). A 37% risk reduction (951" CI 28-46%) in T2D development using weight
management lifestyle intervention over 3- to 6-year duration (Barry et al., 2017). This equates to
151 individual/adults diagnosed out of 1000 in the intervention, compared to 239 diagnoses in the

control groups. At 20 years post intervention, this reduced RR attenuated to 20% (8-31%) in the
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intervention group following the end of trial, with no further intervention after the 3- to 6-year study
trials (Barry et al., 2017).

1.2.5 Weight Loss Management - Short Term Evidence

Fasting, altered macronutrient intake and restriction was suggested as an obesity treatment
method with short term results from early 1900's (Evans & Strang, 1929; Folin & Denis, 1915).
However, in recent years prolonged fasting for treatment of obesity and diabetes prevention was
ruled out due to: problems a) poor maintenance of the initial weight loss and b) physical danger
to the patients. Indeed, prolonged fasting resulted in, at least, five reported deaths by 1970, linked
to ventricular fibrillation in existing cardiac patients, lactic acidosis in a hypertensive diabetic
woman and small bowel infarction (Wadden et al, 1983). Less severe complications of fasting
include hyperuricaemia, gout and arthritis, abdominal cramps and orthostatic hypotension
(Bolinger et al, 1966; Duncan et al, 1964). Bariatric surgery provides substantial, sustained

weight loss in obese individuals with T2D (Dixon et al., 2012)

Dansinger et al compared 4 popular diets (Atkins, Zone, Weight Watchers and Ornish) for weight
loss and cardiac risk and found that over short term, all diets resulted in weight loss but over
long-term low dietary adherence rates were reported (Dansinger et al, 2005; Gardner et al., 2007).
In summary, adherence is linked to reduced risk of chronic diseases (Dansinger et al., 2005).
Gardner et al conducted a 2x2 study on IR and insulin sensitive in O/W (BMI 28-40kg/m?)
participants, who were randomized to either a low fat diet (22en%protein ; 2len%fat ;
57en%CHO) or a low CHO diet (18en%protein ; 38en%fat ; 44en%CHO), both promoting high
nutrient-dense quality foods. Both groups lost an average of 9% of total BW after 6 months with
no substantial difference between them. The authors concluded that adherence to the diet is the

key factor to achieve success (Gardner et al, 2016).

1.3 Low Energy Diet (LED)

Research on a very low energy diet was initiated in the late 1920’s by physicians, Frank Evans
and James Strang demonstrated that a calorie restriction of 62-67kJ per kilogram of BW results
in an average weight loss of 9.9kg in 2 months in a large cohort of their patients (Evans & Strang,
1929). Evans et al provided his participants with a meal plan of 33kJ per kilogram of BW,
consisting of three small meals. Participants were also given a list of acceptable vegetables which
also contained guidelines to weigh and limit bread, suggestions of acceptable cooking methods
for protein intake, and details on the importance of limiting fried foods, lard and butter. In this
plan water was permitted, along with salt, pepper and vinegar (Evans & Strang, 1929). Reported
side effects of this reduced energy intake consisted of headache, dizziness, weakness and the
occasional nausea in the first 2-3 days only and a bad taste in the mouth in the first week but no
longer. Weight loss resulted in clearer skin, improved sleep, improved blood pressure and
correction of menstrual disorders, concluding that using the metabolic principle, a restriction of

less than 33kJ per kilogram of BW is safe and recommended (Evans & Strang, 1929).
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The definition for very low energy diet (VLED) or very low calorie diet (VLCD), used
interchangeably in the earlier days was based on an energy content of <1,040kJ; However, the
US Food and Drug Administration (FDA) International CODEX standardization and legislation has
more recently defined VLED as total meal replacements with 1.8-3.3MJ per day (Food and Drug
Administratison, 2015). Total meal replacements which are nutritionally complete and range from
3.3-5MJ per day can be defined as LED or Low calorie diet (LCD), both terms used
interchangeably (Saris, 2001). Following the publication by Evan et al, Bolinger et al suggested
in 1996 the use of LED over prolonged fasting as a safer option for weight management (Bolinger
et al., 1996; Evans & Strang, 1929; Wadden et al., 1983). Baird et al compiled a meta-analysis
on the clinical and metabolic studies using LED in the treatment of obesity. Results from this
analysis sparked interest in the commercial sector to produce nutritionally complete meal
replacement products with 500-1673kJ per meal (Baird et al., 1974; Howard et al, 1978). Leslie
et al conducted a systematic review (n=569) on rate of weight loss using VLED (<3.3MJ/d) and
LED (=3.3MJ/d) between participants with and without T2D and found that weight loss was similar
between VLED and LED groups and suggested using these diets to achieve weight loss and
maintenance targets of >15-20% for people with severe and medically complicated obesity (Leslie
etal., 2017).

Krietzman and Beeson reported a total weight loss of over 16,000kg in 818 patients in 25 medical
practices within primary care in a weight loss study using LED at Cambridge University within the
Howard Foundation Research in Cambridge, United Kingdom with a mean (SD) weight loss of
19.7(11.4) kg, from a mean (SD) BW of 97.5(19.8) kg to 79.7(16.2) kg. The average weight loss
rate was 1.5(0.3) kg per week with improvements in hypertension and reduced or elimination of
medication following weight loss (Kreitzman & Beeson, 1996). Many health professional raise
the myth around rapid weight regain following rapid weight loss, However, Kreitzman et al only

showed a small weight regain of 2.0(5.2) kg (Kreitzman & Beeson, 1996).

Saris reported that VLED and LED are shown to achieve a significant weight loss without the risk
of a severe negative nitrogen balance and electrolyte imbalances associated with starvation and
prolonged fasting (Saris, 2001). Baetge et al reviewed a selection of commercial weight loss
programs i.e. Weight Watchers, Jenny Craig, Nutrisystems Advance; and found that all of these
programs resulted in weight loss after 12 week intervention following support and leading to
improvements to metabolic syndrome prevalence and cardiovascular function (Baetge et al.,
2017). Traditionally, dietitians and health professionals have been taught that slow and steady
weight loss is the treatment recommended for weight loss and long-term weight loss maintenance
(Franz et al., 2007; Mahan et al., 2007). However, rapid weight loss using LED with psychological
(motivational, perception of weight and change in behavioural) and nutritional education support
is required for the weight loss and weight maintenance phase (Franz et al., 2007; Palou & Bonet,
2013).

Weight loss strategies are part of the largest commercial weight loss markets, with many varieties

of commercial trends lacking sufficient long-term evidence to support their benefit. Paleo,

Intermittent fasting and Atkins diets are examples of such strategies (Astrup et al, 2004;
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Dansinger et al., 2005). However, some commercial companies that emphasize the importance
of both dietary management and exercise i.e. Weight Watchers, Jenny Craig, etc. have been
proven to be effective in promoting weight management due to the importance of the regular
support, incorporated as part of their programme (Ahern et al, 2011; Dansinger et al., 2005; Tsai
& Wadden, 2005, Jebb et al, 2011).

Ashley et al conducted a weight loss treatment and maintenance intervention on 113
premenopausal women randomized into three groups; dietitian-led, dietitian-led using LED meal
replacement and a quick 10 min visit with physician-nurse team. All three groups achieved weight
loss of 4.3(6.5)%, 9.1(8.9)% and 4.1(6.4)%, respectively after year-1 (P<0.001). After 2 years,
weight loss was maintained in all three groups with -1.5(5.0)%, -8.5(7.0)% and -3.0(7.0)%
achieved in each group, respectively (Ashley et al, 2001). Study results showed that a traditional
weight loss setting using LED is an effective tool for weight loss and maintenance (Ashley et al.,
2001).

Noakes et al showed that LED was an effective treatment for obesity after being administered to
66 Australian adults with features of the metabolic syndrome. In this study, both groups consumed
6MJ per day. Participants in the intervention arm received 2 nutritionally complete LED meal
replacement products and a low fat evening food-based meal and was reviewed every 2-weekly
with supervision and nutritional support. The control group consumed a conventional but
structured weight loss diet and both groups were followed up for 3 months (Noakes et al, 2004).
The LED and structured control caused weight loss of -6.6(3.4)kg/-6.3(0.8)%
and -6.0(4.2)kg / -6.9(0.6)%, respectively, with reduction in plasma homocysteine levels in both
groups (8% in the LED group compared to 4% in the control diet). However, the LED group
reported that it was easier to follow the LED meal replacement intervention plan when dining out
and was more compliance due to the convenience of plan, compared to the control group
(P<0.01) (Noakes et al., 2004).

Adherence and compliance are key strategies for a weight loss programme, with the provision of
regular support and education (Penn et al., 2013; Wing et al., 2005; Clifton et al., 2014; Dale et
al., 2009a; Feldman et al., 2017; Gogebakan et al., 2011; Martens et al., 2014) . Over the past 2
decades, rapid weight loss, using a meal replacement diet with a low energy intake (or LED) has
resulted in a complete reversal of pathological defects of IR, improved liver triacylglycerol,
improved blood pressure and improvement in glycaemia due to improved insulin sensitivity and
B-cell function, just as well as Roux-en Y Gastric Bypass (RYGB) (Hjelmesaeth. et al., 2018;
Jackness et al., 2013; Leslie et al., 2017). More evidence is shown that the more weight loss
using LED leads to better metabolic outcome and weight loss maintenance long-term, in par with
RYGB (Anderson et al, 2001; Christensen et al., 2011; Franz, 2017; Franz et al., 2007; Hamman
et al., 2006; Haywood et al., 2017; Heilbronn et al., 2001; Jackness et al., 2013; Riecke et al.,
2010; Rothberg et al., 2014; Sellahewa et al., 2017; Wing & Phelan, 2005). Riissnerl et al have
found that weight loss of 8-15% could be achieved in both VLED group (using <3.3 MJ per day)
and LED group (with 3.3-5.5 MJ per day) (Atkinson, 1989; Riissnerl & Flatenz, 1997). Dixon et al
claimed a weight loss of 15kg using bariatric surgery (laparoscopic adjustable gastric banding)
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leads to 73% reduced risk of developing T2D (Dixon et al., 2008; Dixon et al., 2012). Table 11
demonstrates a list of randomised controlled trials using LED and VLED from 1- to 6-month
duration, with the resulting total mean weight loss and weight loss per week (Foster et al., 1992;
Ohno et al, 1989; Riissnerl & Flatenz, 1997; Saris, 2001).

Table 11: Randomised controlled trials with LED and VLED

Studies Diet Participants Duration BW change BW change
(MJ//kcal/d) (female/male) (weeks) (kg) (kg/week)
Ohno et al 1989 1/240 7/4 4 8.9 2.2
1.8/420 6/4 4 7.6 1.4
Foster et al 1992 1.8/420 21/0 5 8.9 1.8
2.8 /660 23/0 5 8.7 1.7
3.3/800 24/0 5 7.2 1.4
1.8/420 21/0 24 19.5 0.8
2.8/660 23/0 24 22.6 0.9
3.3/800 24/0 24 90.6 0.8
Rissnerl et al 1997 1.8/420 20/10 6 13.4 2.2
2.2/530 22/10 6 14.7 25
3.7 /880 21/10 6 12.9 2.1
1.8/420 20/10 26 18.9 0.7
2.2/530 22/10 26 20.2 0.8
3.7/880 21/10 26 17.7 0.7

MJ, MegaJoules

Usually, there are three phases of the LED or VLED; the first phase is the intensive or exclusive
‘total diet replacement’ (TDR) phase with only 2-4 meal replacement sachets made up of reduced
fat milk or water. Depending on the product and total energy intake, allowance includes >2 litres
of water per day and 2 cups of non-starchy vegetables per day, which equates to <220kJ
(Christensen et al., 2011; Gougeon, 1992; Johansson et al., 2009). Following the initial rapid
weight loss during the intensive phase, there is a weaning process by introducing one small meal
per day instead of one of the meal replacement sachets for approximately 3 months. This
transition phase happens again over the replacement of another meal replacement with a healthy
meal option, eventually the individual is placed on a healthy reduced calorie intake using a variety
of dietary manipulation of macronutrients used for weight loss maintenance (Apfelbaum et al.,
1999; Franz et al., 2007; Johansson et al., 2009; Joris et al., 2017; Lean. & Hankey., 2018; Saris,
2001). Due to the benefits of weight loss achieved with LED, the initial weight loss is used for
many studies to investigate which intervention is beneficial for weight loss maintenance (Dale et
al., 2009a; Goyenechea et al., 2011; Leslie et al., 2017; Leslie et al., 2016). Long-term weight
loss maintenance is achieved through regular support through behavioural therapy and nutritional
education support, with an increase in exercise to make it a long-term habit (Saris, 2001). Wing
et al reported as many as 83% of participants reported a trigger for their weight loss, medical
triggers were the most common (23%) and is defined as health professional advising weight loss,

aim to improve medical condition e.g. T2D and/or family member having a medical event e.g.
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heart attack. Other triggers include participants reported that they reached an all-time high in BW
(21.3%), and seeing a picture printed or mirror reflection of themselves (12.7%) Those who said
they had a medical trigger lost 36kg and were associated with less weight regain over a 2-year
follow-up (Wing & Phelan, 2005; Wing et al., 2004).

The Scottish Intercollegiate Guidelines Network (SIGN) Guidelines on the Management of
Obesity and the American Diabetes Association (ADA) Obesity Management Standards of Care
acknowledge the benefits of -5-10% total BW but the evidence using LED and meal replacements
(>3.4MJ/d) may achieve greater short term weight loss of -10-15% than intensive behavioural
lifestyle intervention for the minimum of >5% weight loss (American Diabetes Association, 2018;
Scottish Intercollegiate Guidelines Network, 2010). The most recent DIRECT trial also
emphasised the importance of weight loss showing 86.1% of those who lost at least 15kg of BW
went into T2D remission (Section 1.1.6 and 1.1.8) (Lean et al., 2017; Lim et al., 2011; Taylor et
al., 2017). Taylor et al postulates that the 15% weight loss reduces adipose fat reverses de-
differentiation of beta cells and that a supportive approach throughout the weight loss
maintenance stage in routine care is required to maximise long-term benefits (Taylor et al., 2017).
This summarises that weight loss through LED is an effective way to achieve health benefits with
support required for long-term weight loss maintenance, where the more weight is lost over the
first 8 weeks leads to successful long-term weight loss maintenance over 8-year follow-up (Unick
et al., 2015).

1.4 Weight Loss Management for the Prevention of T2D - Long-term
Evidence

“Slow and steady does not win the race”- (Martin & Gadde, 2014; Purcell et al., 2014). Purcell et
al demonstrated that both gradual and rapid weight loss lost around 12.5% BW and then
continued into a 144-week maintenance phase can be achieved. Results showed that fewer
participants dropped out in the rapid weight loss group with more weight loss achieved, when
compared to the gradual weight loss group (Purcell et al., 2014). There have been number of
T2D prevention trials, which have investigated the long-term efficacy of diet and/or PA for BW

loss in pre-diabetes populations, targeted to improve glycaemia.

Obesity is increasing at an unprecedented rate all over the world, contributes to 2.8 million deaths
per year (World Health Organization, 2017). In a recent WHO report, obesity was considered to
be the 5" leading cause of global mortality as it exacerbates a range of comorbidities.
Nevertheless, obesity is a preventable condition (World Health Organization, 2017). The natural

progression of weight gain over time is presented in Figure 2 (Lean. & Hankey, 2018).
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Figure 2: Obesity and the components of medical weight management (extrapolated from Lean et al,
2018, Lancet. Keeping it off: the challenge of weight loss maintenance)

Astrup and Réssner (2000) recommend rapid weight loss using non-lifestyle techniques such as
LED or medication. According to the authors, a LED improves weight loss maintenance success
in those who follow lifestyle recommendations over the long-run (Astrup & Réssner, 2000). Franz
et al conducted a systematic review of weight loss outcomes from clinical trials with minimum of
1-year and up to 4-years of follow-up (Franz et al., 2007). The objective of this meta-analysis
was to assist health professionals who see patients for weight loss on the options of weight loss
methods and expected outcomes from the different interventions. Eight types of weight loss
interventions were investigated — diet only, diet and exercise, exercise only, meal replacements,
VLED, medication for weight loss (Orlistat and Sibutramine) and advice alone. Based on studies
with a minimum of 12-months of intervention on weight management, 80 studies was reviewed,
the authors showed that the VLED was the most successful in achieving the greatest weight loss
after 6-months but the least successful in maintaining weight 12-months post intervention. Figure
3 showed that weight loss medication was the second most effective rapid weight loss, after
VLED. Advice only was the least effective of all methods with no change in BW (Franz et al.,
2007).

Successful long-term weight loss maintenance relies also on behavioural modification techniques
to assist with setting SMART (specific, measurable, achievable, realistic and time bound) goals
and assisting with the adherence of the lifestyle changes over the long run (Hamman et al., 2006;
Smith & Wing, 2000). Behavioural techniques help with modifying lifestyle changes with problem
solving techniques, motivational enhancement and relapse prevention to promote lifelong
changes and adherence (Smith & Wing, 2000). The USDPP emphasized the importance of
behavioural modification, alongside diet and exercise advice in group settings to achieve and
maintain goals (Knowler et al., 2002).
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Figure 3: Analysis of weight loss achieved through different methods - a review of 80 studies (min 1
year), extrapolated from Franz et al., 2007.

Other recommendations for obesity include bariatric surgery. However, surgical risk and cost
needs must be considered before surgery-based interventions. Notably, a conventional
non-surgical therapy is a most cost-effective, practical population based approach for life-long
lifestyle modification targeting weight loss and weight loss maintenance (Palmo, 2013). Lifestyle
recommendations include nutritional education over dietary changes (low fat, calorie restricted),
increased physical activity and a focus on behavioural change education (Astrup & Rdssner,
2000). As previously discussed, LEDs have been known to mimic the effects of bariatric surgery,
with positive effects on IR and beta cell function (Jackness et al., 2013; Sellahewa et al., 2017).
Lingvay et al reported that a reduced energy diet using a LED had a greater effect in glucose
homeostasis in the absence of surgery compared to after RYGB (Lingvay et al, 2013). Rapid
weight loss of 7% of initial BW over 4-6 weeks through LED have shown to promote mobilization
of ectopic fat from liver (effective from week-1 (Lim et al., 2011) to skeletal muscle, leading to
reducing glucose, insulin, plasma y-glutamyltransferase (GGT), triglycerides (TG) and HOMA-IR
[HOMA-IR=fasting glucose (mg/dl) x fasting insulin (uU/ml)/22.5] (Xydakis et al., 2004).

In support of the benefits of lifestyle intervention, a meta-analysis instigating the effectiveness of
both lifestyle and pharmacological intervention concluded that lifestyle interventions halve the risk
of T2D in impaired glucose tolerant (IGT), high-risk individuals (Gillies et al., 2007). There is also
evidence that lifestyle intervention is more effective in participants with a higher BMI (Diabetes
Prevention Program (USDPP) Research Group, 2002; Eriksson & Lindgérde, 1991; Li et al., 2008;
Lindstrom & Tuomilehto, 2003; Pan et al., 1997; Penn. et al, 2013; Roumen et al., 2008; Sakane,
2005), and that for each BMI unit (kg/m?) decrease there is a parallel decrease in hazard ratio
(HR) of -7.3%.

Lifestyle interventions with weight loss targets of at least 5% BW, followed by weight loss
maintenance have been shown to promote a reduction in T2D relative risk (RR) from 30% to 67%

over 3-to 7-years (Yamaoka & Tango, 2005).
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The 3 largest T2D prevention studies - Da Qing, FDPS and USDPP - showed positive results in
prevention of T2D development using lifestyle interventions, focused on moderate weight loss
and increased physical activity. The early Da Qing study (n=577) encouraged the O/W study
population (61%, BMI=25kg/m?) to reduce their BW (aiming for a BMI<23kg/m?), followed by
105-126kJ/kg/day intake, 55-65en%CHO, 10-15en%protein with increased vegetable intake, less
alcohol and less simple sugars. This lifestyle intervention resulted in a reduction in the T2D
relative risk of 31-46% over 6 years (Li et al., 2008). Notably, there was a 45% reduced risk of
developing T2D in the intervention group after 23-year follow-up with a delay in T2D diagnosis of
3.6 years (Gong et al., 2016; Li et al.,, 2008; Li et al., 2014). The FDPS and US Diabetes
Prevention Programme (Nathan et al., 2013) both showed a 58% reduction in relative risk of T2D
after 4-year and 3-years of active intervention, respectively. The weight loss goals were 5% in the
FDPS and 7% in the USDPP, with both interventions focusing on healthy low-calorie, low-fat diets
and moderate intensity physical activity, such as brisk walking, for at least 150 minutes per week
(Knowler et al., 2002; Lindstrom et al., 2003; Lindstrom et al., 2008; Lindstrom et al., 2013). The
risk of T2D development remained low after 7 years in 522 participants in the FDPS (relative risk
of 43%) (Lindstrém et al., 2006) and after 10 years in 3150 participants in the USDPP trial (34%
risk reduction at 10-year follow-up) (Diabetes Prevention Program (DPP) Research Group, 2002;
Herman et al., 2012). The USDPP (Knowler et al., 2002; Knowler et al., 2009; Nathan et al.,
2013) authors concluded that 1kg of BW loss is equivalent to 16% T2D risk reduction (Nathan et
al.,, 2007). Results from these large lifestyle interventions have shown that a weight loss target
of 5-10% prevents the onset of T2D in the majority of people with pre-diabetes (Knowler et al.,
2002).

Another more recent study using the LED for the initial weight loss prior to maintenance is the
Diet, Obesity and Genes (DioGENES) European multicentre trial. Over the 8-week weight loss
phase using a 4MJ/day LED achieved an average weight loss of ~11kg. In the study, the weight
loss phase was followed by a weight loss maintenance phase comparing a lower protein to a

higher protein diet over 6 months and 12 months (Astrup et al, 2015; Gogebakan et al., 2011).

Physiological adaptation and persisting obesogenic environments contribute to weight regain
(Greenway, 2015). However, despite popular belief, rebound regain that exceeds baseline BW
is uncommon, and metabolic effects of weight loss can persist even with weight regain
(Dombrowski et al, 2014). Berger et al conducted a meta-analysis on differentiating maintainers
and regainers from the Look Action for Health in Diabetes (Look-AHEAD) and showed that
metabolic benefits were retained in patients who regained <25% of the initial weight loss (Berger
et al, 2017). The authors concluded that long-term metabolic benefits were clinically relevant
success criteria for weight maintenance. Lean et al also postulate that a weight regain of 25%
and under continues to have beneficial health effects, however, the authors emphasise the need

for a well-supported weight loss maintenance programme (Lean. & Hankey, 2018).
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1.4.1 Summary of risk reduction factors

The risk reduction was in development of T2D and is linked to BW, distribution and managing risk
factors linked to metabolic syndrome. Maintenance of a healthy weight, particularly reducing
abdominal circumference is important. This can be achieved by diet (making healthy food choices
or LED) and regular physical activity. As well as maintaining weight loss, physical activity is also
important for reducing blood pressure and heart rate, increasing your body’s sensitivity to insulin,
improving body composition, and improve general well-being (Jeon et al, 2007). Improving
metabolic measures by managing blood pressure, cholesterol levels and smoking cessation will
reduced risk of cardiovascular disease (Meigs et al., 2006). There is clear evidence of a link
between depression and the risk of developing T2D (Knol et al., 2006). Other factors with

increasing evidence includes sleep and T2D risk (Cappuccio et al, 2010; Yaggi. et al., 2006).

1.4.2 Diet and Physical Activity Lifestyle Modification Studies

Whilst many trials have investigated effects of diet on intermediary risk factors, far fewer have
conducted long-term studies to determine effects of diet on incident T2D, with those studies
focused primarily on CHO modification. The first two diet interventions, the Bedford study (Keen
et al.,, 1982) and the Whitehall study (Jarrett et al, 1984) were conducted in the 1970s, and
reported that whilst BW loss aided T2D prevention, intensive training in dietary CHO restriction
(<120g/day) had no differential effect. Soon after, what may be the first combined lifestyle
intervention for T2D prevention was conducted over 6 months in Malmo Sweden, in a
non-randomised cohort of 415 middle-aged men. It comprised 4 groups of newly diagnosed T2D,
IGT (intervention, IGT-lI vs. control, C) and normoglycaemic (NG) healthy controls. The
IGT-I group was given healthy eating advice based on Swedish guidelines (SG), regular PA
advice, and encouragement to lose weight. Successful weight loss resulted in 63% and 50%
relative risk (RR) reduction of incident T2D at 6- and 12-year follow-up (F/U) (Eriksson &
Lindgarde, 1998), such that by 12-year F/U mortality rates were similar to NG healthy controls
(Eriksson & Lindgarde, 1998).

The 6-year Chinese Da Qing T2D Prevention study was the first large lifestyle modification trial,
with 577 IGT adults randomised to diet and/or PA (as described in Table 14). Diet comprised
individualised advice of 55-65% energy from carbohydrates (en%CHO), 10-15en%protein,
25-30en%fat, reduced energy intake (El), alongside PA counselling and weight loss goals for the
O/W (Pan et al., 1997). The control (C) group received only general information on T2D, diet and
exercise. Diet, PA and a combination lifestyle approach were all successful with a RR reduction
of 33-47% by the end of the 6-year study (Pan et al., 1997). Even more encouraging was the
successful RR reduction of 43% and 45% at 20- and 23-year F/U (Li et al., 2008; Li et al., 2014).
Four other prevention trials rapidly followed, all of which conducted diet and PA lifestyle
interventions. Wein et al., conducted a 6-year study in Australia on 200 women with IGT and a
previous history of gestational T2D. The intervention group received intensive healthy diet advice
compared to standard routine advice, but did not achieve significant weight loss and only a trend
towards RR reduction (36%, P<0.05) (Wein et al. 1999).
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The Japanese diabetes prevention programme (JDPP) was conducted over 4 years in 458 men
with IGT, aged 30-69 years (Kosaka et al, 2005). Individualised advice and regular F/U was
based on the Japanese Diabetes Society dietary guidance document of decreased El,
55-60en%CHO, 15-20en%protein, <25en%fat and decreased SFA. At 4 years, RR for incident
T2D had significantly decreased by 68% (Kosaka et al., 2005). In the UK, men with IGT were
randomly allocated to the intensive higher complex CHO/fibre, lower fat diet and PA over
6-months or a no advice control. RR was not assessed in this small sample study, and whilst
there were no significant effect of the intervention at 6 months, by 2-year F/U there was a
significant improvement in fasting glycaemia in the intervention group (Page et al, 1992). A similar
small, but uncontrolled, intervention in New Zealand with similar diet goals of 50-55en%CHO,
12-20en%protein, <30en%fat, low SFA and increased fibre resulted in improved BW, postprandial

glycaemia and fasting lipid at 2 years, but in the absence of RR assessment (Bourn et al., 1994).

In 1993, the FDPS was conducted over 3 years in 522 middle-aged, O/W adults with IGT, with
F/U data reported at 7- and 13 years post intervention. The goal was -5% BW loss, followed by
long-term weight loss maintenance (Lindstrom et al., 2003), and diet intervention was based on
lower fat and increased dietary CHO/fibre, with 30en%fat, <10en% SFA, >15g/1000kcal high
fibre, in addition to increased PA. Those in the intervention group had a significant 58% RR
reduction in developing T2D (Lindstrom et al., 2003). At subsequent 7- and 13-year F/U, the
significant RR reduction was maintained at 43% and 38% respectively (Lehtisalo et al., 2016;
Lindstrom et al., 2008).

Increased age, BMI, waist circumference (WC), fasting and postprandial blood glucose and blood
pressure, as well as reduced PA and fruit/'vegetable consumption were associated with T2D risk
development (Lindstrom et al., 2003). To identify those at high risk of developing T2D, Lindstrom
and colleagues developed a simple tool, the FDRS represented by a scale from 0 to 20, to help
identify those at high risk of developing T2D (Lindstrom et al., 2003; Nilsen. et al., 2011).
Following the success of the FDPS, the European T2D Prevention randomised controlled trial
(RCT) was commenced where the DPS protocol was replicated in both the Netherlands (study
on lifestyle-intervention and impaired glucose tolerance Maastricht, SLIM) and the UK European
T2D Prevention Study-Newcastle (EDIPS-Ncl) (Penn. et al., 2013). The SLIM was a 3-year
intervention, in 147 participants, aged >40-years and BMI 225kg/m? with IGT (Mensink et al.
2003).

The intervention comprised individualised recommendations based on Dutch guidelines of
30-35 en%fat, <10% SFA, increased PA, and a goal of BW loss of 5-7% whilst the control group
comprised information on benefits of a healthy diet, weight loss and PA but with no individual
advice (Mensink et al., 2003; Penn. et al., 2013). The lifestyle intervention again resulted in a
significant 58% RR reduction (Ramachandran et al., 2006; Roumen et al., 2008), as did
EDIPS-Ncl which randomised 102 O/W participants with IGT into a 3-year intervention (Penn. et
al., 2009), again focused on lower fat, <30en%fat, <10en%saturated fat, and higher >50en%CHO
with increased dietary fibre. Again there was a significant 58% RR reduction in the intervention
group at 3-yr F/U.
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These findings were replicated in the USDPP, a larger 3-year RCT conducted in 3,234 O/W adults
with IGT randomised into lifestyle intervention (diet and PA), metformin therapy or placebo
control. Dietary recommendations were based on a weight loss goal of >7%, using the US
Department of Agriculture (USDA) Food Guide Pyramid, as a model for healthy eating, focused
on lower fat, low energy substitutes and smaller portions. A goal of increased PA was also
included (Knowler et al., 2002).

In the 3 years of the USDPP, T2D incidence was reduced by 58% with lifestyle intervention and
by only 31% with metformin therapy, compared with control (Crandall et al., 2008). The 10-year
follow-up DPP Outcome Study (DPPOS) has shown that despite incidence in the control and
metformin groups falling to match that of the lifestyle group, the cumulative 10-year incidence of
T2D was still reduced by 34% in the lifestyle group compared with only 18% in the metformin
group confirming long-term efficacy of diet and PA (Herman et al., 2012; Knowler et al., 2002;
Knowler et al., 2009). In the intervention group, there was a 4-year delay in the diagnosis of T2D
in the lifestyle group over the full 10-year study (Herman et al., 2012). Recent reporting of the
15-year F/U data has shown RR reduction for lifestyle to be maintained at 27% (Nathan et al.,
2013). The Indian DPP repeated the USDPP, comparing lifestyle, metformin, and control with a
combined metformin and lifestyle advice in 531 middle aged O/W, adults with IGT
(Ramachandran et al., 2006). The intervention focused on decreased El, refined CHO, total fat
and sugar, and increased dietary fibre. Unlike the USDPP (58% T2D risk reduction with 7% body
weight loss), the Indian DPP resulted in no significant weight loss yet still reported significant RR
reductions of 28.5%, 26.4% and 28.2% in lifestyle, metformin and metformin and lifestyle
interventions, respectively. Since these fundamental studies, to our knowledge, 5 other T2D
prevention trials have been conducted, again with similar dietary aims of replacing the lipid
component of the diet with polysaccharide CHO/fibre. A number of trials have reported findings

in Asian populations.

In a small study of middle aged Japanese Americans with IGT, the AHA step 2 diet significantly
improved IGT parameters however RR data were not collected (Liao et al., 2002). The JDPP
randomised 240 adults with IGT, where the intervention group received intensive diet and
exercise advice and were encouraged to lose weight (Sakane et al., 2011) resulting in a 51% RR

reduction versus a standard advice control group.

The Japanese Zensharen study was a larger study of 641 Japanese adults randomised to
frequent individualised diet and PA advice, where the 3-year HR was reported as 0.56 relative to
a standard advice control group (Saito et al., 2011). Finally, 2 further Chinese studies have shown
diet and PA intervention to significantly decrease HR to 0.30 and 0.75 (or by 70% intervention
compared to only 25% control with standard advice) respectively when compared with standard
advice and education (Fang et al. 2004; Tao et al, 2004).

1.4.3 Exercise intervention

Regular exercise is an essential part of a healthy lifestyle. It has been proven to reduce glycaemia
while increasing whole body and skeletal muscle oxidative capacity in obesity and T2D individuals
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(Hansen et al., 2009), reversing metabolic syndrome risk factors and improving aerobic capacity.
Moreover, exercise has been proven to be effective in reducing blood pressure, total body fat and
BW (Astrup et al., 2004; Baecke et al., 2017; Bianchi et al., 2017; Eriksson et al., 1998; Hansen
etal., 2009; Josse et al., 2011; Knowler et al., 2009; Pan et al., 1997a; Stiegler et al., 2006; Tjonna
et al., 2008; Tao et al., 2004). The PREVIEW study has two exercise groups (high intensity
shorter duration vs. moderate intensity longer duriation) however, this was not discussed in this

thesis as the exercise group remains ‘blinded’ throughout the duration of the thesis.

1.4.4 Effect of Weight Loss on Anthropometric and Metabolic Parameters

It is clear that that lifestyle modification can have significant effect on the risk of developing T2D
in high-risk groups, across genders and ethnicity. Commonly observed is the positive correlation
between weight loss and weight maintenance with relative risk (RR) reduction. For example, Cox
proportional hazards regression conducted over 3.2 years of follow-up in the USDPP trial found
a 16% T2D risk reduction for every 1kg BW loss (Hamman et al., 2006). The studies with
significant weight loss resulted in greater T2D risk reduction, 5% weight loss decreased risk by
43 to 55% and -7% weight loss decreased risk by -58% amongst the O/W and IGT population.
Notably in all of these studies, the primary dietary focus was reduction of total and saturated fat,
and an increase in total CHO with increased fibre and reduction in simple sugars (Uusitupa, 2002).
There was very limited focus on protein intake and how this may affect the total diet, weight loss,
weight loss maintenance and in turn the risk of development of T2D development in this high risk
O/W and pre-diabetic population. To summarise, an increasing rate of obesity has resulted in a
T2D pandemic worldwide. Those diagnosed with T2D is getting younger, especially as obesity

drives T2D, through metabolic measures.

Weight loss doesn’t always reflect intra-abdominal fat loss but studies using ectopic fat
measurements showing improvements to intra-abdominal fat loss shows improvements to
metabolic parameters, emphasing the importance of centrally distributed fat loss, also measured
by WC (zZhyzhneuskaya et al., 2017; International Diabetes Federation., 2013). International
Diabetes Federation (IDF) recommends using WC as an anthropometric measure which also has
a metabolic effect on the metabolic syndrome (WHO & IDF, 2006). Lee et al compared 12-week
mild calorie restriction of 300kcal/d with control and found improvements to fat intake and
therefore circulating fatty acid profile, resulting in improvements to serum triglycerides, insulin and
HOMA-IR (Lee. et al., 2018). Weight reduction in those who are O/W leads to benefits in
metabolic and physiological markers. There is evidence supporting the fact that short term weight
loss varies from changing meal sizes. A recently published study showed that having a larger
meal/energy intake at lunch is favourable in weight loss in O/W women after 3 months (Madjd et
al., 2016). In the same study, changes in macronutrient composition have shown that both low
fat and low CHO promoted weight loss for the first 6 months. However, in both groups weight
appeared to increase over the following 18 months, with participants returning to the pre-study
weight (Madjd et al., 2016). What seems to be the most successful weight loss method is the
LED, which is nutritionally complete with 3.4 to 4.2 MJ per day. There are so many short-term

diets with a degree of short-term success. However, since obesity is a chronic condition that
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affects individuals over decades, it is the long-term weight loss and maintenance that matters
most.

1.4.5 Mechanisms Promoting Weight Loss and Weight Loss Maintenance

A number of mechanisms may contribute to the success of higher protein diets for weight loss
and longer-term maintenance, acting both on energy intake, expenditure and utilisation. In a
comparison of 15en%protein vs. 18en%protein for maintenance of weight loss, both increased
satiety and decreased total energy (TE) efficiency contributed to the greater efficacy of the higher
protein diet (Westerterp-Plantenga et al, 2004). Arguably satiety is the most important
mechanism. Dietary protein has long been shown to have favourable effects on hunger and
satiety (Anderson & Moore, 2004; Barkeling et al, 1990; Bowen et al, 2006b; Halton & Hu, 2004;
Poppitt et al, 1998; Porrini et al, 1995; Veldhorst et al, 2009a; Veldhorst et al, 2009b; Weigle et
al., 2005); although not all studies also find suppression of food intake when eating behaviour is
assessed (Aldrich et al., 2011; Blom et al., 2006; Bowen et al, 2007; Penhoat et al., 2011).

Different protein types may have different satiating effects (Anderson et al, 2004a; Anderson et
al, 2004b; Bowen et al., 2007; Burton-Freeman, 2008; Hall et al, 2003; Lang et al., 1998; Poppitt
et al, 2013; Veldhorst et al., 2009); although again the mechanisms by which these compositional
differences may act have yet to be defined in clinical studies. Whether individual amino acids
alter satiety is also poorly understood, with much focus given to tryptophan due to its relationship
with the appetite-modulating neurotransmitter 5-hydroxytryptophan (5HT, serotonin) (Veldhorst
et al., 2009c). Gastrointestinal peptides such as cholecystokinin (CCK), glucagon like peptide-1
(GLP-1) and peptide YY (PYY) may also play a role (de Graaf et al, 2004; Fromentin et al., 2012;
Karhunen et al, 2008), although whilst these gut peptides are certainly altered following a meal,
there is limited underpinning evidence from clinical studies for direct regulation of hunger and/or
eating behaviour by these ‘satiety’ peptides (Bowen et al., 2007).

In addition to effects on appetitive responses and in line with earlier findings (Westerterp-
Plantenga et al., 2004), Paddon-Jones and colleagues (Paddon-Jones et al., 2008) have
proposed that protein may differentially stimulate diet induced thermogenesis (DIT) noting that
protein, which has a metabolic energy defined by the Atwater factor as 17kJ/g, in reality has a
lower net metabolisable energy value of 13kJ/g, due to net metabolisable energy is the
metabolisable energy minus heat of microbial fermentation and minus obliatory thermogenesis.
Also, for dietary fibre and protein, net metabolisable energy is approximately 24-25% lower than
metabolisable energy when compared to CHO, fat or alcohol. A further significant advantage of
a higher protein diet is the anabolic effect on lean body mass or fat free mass (FFM), where
dietary amino acids enhance muscle protein synthesis and skeletal muscle mass, and may
protect against loss of lean mass during weight loss (Josse et al, 2011). As a metabolically active

tissue, protection of FFM may also in turn contribute to better long-term weight maintenance.

Previous literature shows that the physiological role that these peptides play in the regulation of

ingestion and eating behaviour is poorly understood, with circulating concentrations following a

meal several fold lower than can be induced through direct injection of these peptides (Mars et
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al., 2012). Although GLP-1 and PYY clearly suppress hunger when given exogenously at supra-
physiological dosages (Astrup et al., 2009), Mars et al concluded in their comprehensive review

that neither is likely to contribute individually to the satiating capacity of foods (Mars et al., 2012).

In a study from Jackness et al, LED vs bariatric surgery both achieved the same result and
improved metabolic health, in particular FPG, HOMA-IR, fasting serum insulin, serum
connective-peptide (C-Peptide) and beta-cell function following weight loss (Jackness et al.,
2013). Incretins may have improved glucose homeostasis in the bariatric surgery group,
however, non-enteral mechanisms linked to glycaemic control showed benefits in the weight loss
(Jackness et al.,, 2013). Improved beta cell function and decreased pancreas and liver
triacylglycerol was seen in the reversal of T2D Newcastle study using LED consisting of a liquid
diet formula of 2.1MJ/d, 46.4en%CHO, 32.5en%protein and 20.1en%fat, vitamins, mineral and
trace elements, along with allowed vegetables with a total of 2.5MJ per day. Regular telephone

support was provided over the 8-week intervention (Lim et al., 2011).

1.4.6 Dietary Intervention — Higher Protein Diets for Weight Loss and T2D Prevention

There is also growing evidence that higher protein diets may improve glycaemia (Baum et al,
2006; Kushner & Doerfler, 2008; Larsen et al., 2010; Layman & Baum, 2004) with recent data
showing that some proteins may have an effect on metabolic regulation independent of BW
(McGregor & Poppitt, 2013). Whey protein for example, as an insulin secretagogue, may
enhance glycaemic control with studies showing postprandial suppression of diet-induced
hyperglycaemia by whey, decreasing glucose levels by ~20% in the 3 hours following ingestion
(Jakubowicz & Froy, 2013). It also has a positive effect on the incretin system, with increased
GIP, decreased GLP-1, and decreased DPP-4 activity in the small intestine (Jakubowicz & Froy,
2013).

When recommending higher protein diets for weight loss and glycaemic control, clearly the nature
of the advice, increase percentage of the protein in diet rather than total protein (and TE) and the
composition of the protein must both be considered. For example, various protein groups, such
as dairy (McGregor & Poppitt, 2013), marine (Sofi et al, 2013) and soy (Cope et al, 2008) may
have significant advantage over animal-origin protein diets. For example, the EPIC (European
Prospective Investigation of Cancer and Nutrition) study with 89,432 participants from 5 countries,
showed a positive association between animal-origin protein, e.g. red meat, processed meat,
chicken but not fish or dairy, with greater weight gain over 6.5 years (Du et al., 2009; Halkjeer et
al., 2011).

This positive association between animal-origin protein and BW has been repeated in the larger
EPIC-PANACEA (European Prospective Investigation into Cancer and Nutrition—Physical
Activity, Nutrition, Alcohol, Cessation of Smoking, Eating Out of Home and Obesity) study with
>373,000 participants in 10 countries, where an increase in red meat, poultry and processed meat
of 2509 per day (e.g. a single steak, ~1.8MJ) was predicted to increase BW by 2kg over 5 years
(Vergnaud et al., 2010).
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Also, of concern is the association between animal-origin protein, specifically red meat, and
development of T2D. Pan et al reported a strong correlation between processed red meat
consumption, particularly processed red meat, and an increased risk of T2D of up to 50% (Pan.
etal., 2012). Data from 3 Harvard cohorts, the Health Professionals Follow-up Study, the Nurses’
Health Study and the Nurses’ Health 2 study have shown that an additional 0.5 servings/day of
processed red meat over 4 years is associated with an increase in T2D risk of up to 50% (Pan.
etal., 2012; Pan & Hu, 2014). Processed red meat is high in SFA, nitrate, sodium and heme iron,
and hypothesised to affect glucose metabolism, IR, endothelial function, glycoxidation and
oxidative stress (Pan & Hu, 2014). Clearly potentially confounding effects prevent attribution of
cause and effect and a micronutrient poor diet (low wholegrain, fruit and vegetable consumption),
O/W and obesity, and an increase likelihood of smoking and physical inactivity may each in turn
contribute (Pan & Hu, 2014).

Other issues are also associated with higher protein diets including data from NHANES Il 18-year
F/U showing >20en%protein of high animal-origin is associated with increased all-cause mortality
and cancer from 50-65 years (Levine et al., 2014). The guidelines from the US Institute of
Medicine however have concluded that there is no clear evidence that HP increases the risk of
cancer or cardiovascular disease, amongst other conditions, and have set the acceptable protein
range as 10-35% for adults, with recommended protein sources of low fat dairy, lean meat, fish,
poultry, legumes, nuts and wholegrain with vegetables (Astrup et al., 2015) and limited processed
red meat. There is clear evidence that lifestyle changes for weight loss maintenance are
important for T2D prevention. Our group has recently published a systematic review looking at
the different dietary recommendations and focused on the role of higher protein diets on T2D
prevention (Liu et al., 2015).

Due to the vast evidence around higher protein diets, we published part of the literature review
concluding that higher protein diet showed reduced TE density, aiding in appetite suppression
and lean body mass preservation, resulting in successful long-term weight loss maintenance for
T2D prevention (Liu et al., 2015). Diet intervention, as outlined in the studies above, has focused
almost entirely on lipid and CHO content and composition. The T2D and nutrition study group
within the European Association for the Study of T2D (EASD) have used this body of research to
generate recommendations, focused on lower fat and moderate CHO, with suggested intake
between 45-60en%CHO, based on increased vegetables, legumes, fruit and wholegrain cereals
to provide foods rich in dietary fibre and with a low Glycaemic Index (GI) (Roumen et al, 2008;
Roumen et al, 2011; Mensink et al, 2003; Penn et al, 2009; Penn et al, 2013; Liao et al, 2002;
Sakane et al, 2005; Saito et al, 2011; Tao et al, 2004; Fang et al, 2004).

Recommended protein intake is 10-20en%protein (0.8-1.2g/kg BW), with the upper

recommended range likely to be beneficial through maintenance of FFM during weight loss, and

an aid to weight loss maintenance and prevention of weight regain (Layman & Baum, 2004; Mann.

etal., 2007). The evidence base has as yet been insufficient to support specific recommendations

for a higher protein diet for T2D prevention. There is a growing body of research, which shows

that higher protein diets may provide a useful aid for short-term weight loss, although evidence is
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still building in support of higher protein diets for longer-term maintenance of weight loss (Astrup,
2004, Clifton, 2012; Clifton et al, 2008; Clifton et al, 2014; Farnsworth et al., 2003; Foster et al.,
2010; Gilbert et al, 2011; Kushner & Doerfler, 2008; Larsen et al., 2010; Noakes, 2008; Paddon-
Jones et al., 2008) and in T2D prevention. Altering the diet in favour of a higher protein content
appears likely to influence weight control (Clifton et al., 2008; Gilbert et al., 2011; Larsen et al.,
2010; Noakes, 2008; Paddon-Jones et al., 2008; Te Morenga & Mann, 2012), with estimates of
weight loss of ~1kg per week when higher protein diets are consumed ad libitum (Johnstone et
al 2008; Johnstone et al., 2011).

In 2006, the pan-European Diet, Obesity and Genes (DioGENES) Study investigated higher
protein diets, in association with Gl, in a 6-month intervention looking at weight regain following
enforced weight reduction (Halkjeer et al., 2011; Larsen et al., 2010). Almost 1,000 O/W
participants in 8 European countries (Denmark, Germany, Spain, Netherlands, United Kingdom,
Greece, Czech Republic, Bulgaria) completed a rapid 8-week period of LED (3.3MJ/day) induced
weight loss of which 773 successfully lost >8% BW and were randomly assigned to one of 5 diets
for prevention of weight. Diets were consumed ad lib, with requirement to maintain the
macronutrient profile where dietary fat was replaced in part by either protein or CHO. A novel
approach of a higher protein (25en%protein)/low-Gl (HP/L-GI) diet was compared with the
traditional lower protein (13en%protein)/moderate Gl (LP/M-GI) diet, and a control group which
provided non-macronutrient specific diet information. Of greatest interest was the finding that the
higher protein/lower Gl (HP/L-GI) group had the lowest dropout and least weight regain (0.93kg
less than LP/M-GI diet, P=0.003) after 6 months and this was maintained in 1 year (Astrup et al.,
2015; Larsen et al., 2010). In order to have an impact on T2D prevention, it is important that
higher protein diets are able to prevent the gradual weight ‘creep’ and long-term weight regain

that is associated with most weight loss regimes.

1.4.7 Dietary Intervention - CHO Restriction for Glycaemic Control and Weight Loss

Due to the direct effect CHO has on glycaemic control, dietary CHO restriction has shown to have
the greatest effect on decreasing blood glucose levels (Feinman et al., 2015) and weight loss
(Bazzano et al., 2014; Foster et al., 2003; Samaha et al., 2003). Total CHO affects glycaemia
due to increase in total glucose load. Early T2D prevention studies showed improved glycaemia
with limited CHO intake (Feinman et al., 2015; Jarrett et al., 1979; Jarrett et al., 1984; Keen et al.,
1982). Weight loss with low CHO diet and its’ effect on IR was shown (Baum et al., 2006; Foster
et al., 2003; Gardner et al., 2016). Current T2D related studies showed limited CHO improved
glycaemia (Gardner et al., 2016; Krebs et al., 2016; Samaha et al., 2003). In these studies no
difference was seen between low fat (57:21:22/CHO:Fat:Protein) vs low carb (44:38:18) diet on
IR (Gardner et al., 2016; Krebs et al., 2016) — both groups lost 9% over 6 months. However, low
carbohydrate diet have presented risk of nutrient insufficiency, hypoglycaemia and compliance
issues (Feinman et al., 2015; Jarrett et al., 1979; Jarrett et al., 1984; Keen et al., 1982).
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1.5 Dietary Intervention - Gl Studies

1.5.1 Development of Gl

The GI theory emerged in 1981, based on an extension of the fibre hypothesis that fibre delays
the digestion rate therefore slows down the release of glucose into the blood, nature of CHO and
effect on postprandial glycaemia and determined as physiological basis for CHO exchange
(Jenkins. et al., 1981; Jenkins. et al., 2002). This was developed to improve glycaemia and
therefore T2D related long-term complications (Jenkins. et al., 1981). The GI of foods is
calculated as: GI = mean of (blood glucose response area of test food divided by the blood
glucose response area of reference food taken by the same individual) x 100. The area under
the glucose curve is calculated from the capillary blood glucose increments at baseline, 15 min,
30 min, 45 min, 60 min, 90 min and 120 min (Jenkins. et al., 1983; Wolever. et al., 1985). Both
the amount of available CHO in the test food and the reference food (glucose or white bread) is
50 g of CHO (Wolever. et al., 1985).

The Glycaemic Index (GI) was originally developed as a mean of classifying varieties of
carbohydrate-rich (>80% energy content from carbohydrates) sources according to their
postprandial glycaemia, when compared to a reference control (glucose or white bread)
(Arvidsson-Lenner et al., 2004; Augustin. et al., 2015; Jenkins. et al., 1981). Gl is defined as the
2-hour postprandial blood glucose response to 50g of available CHO in a test food, when
compared to 50g of glucose control or white bread (Augustin. et al., 2015; Foster-Powell et
al., 2002). Notably this is a physiological response to the consumption of a food item, rather than
a constituent of the food itself, and in turn it has long been acknowledged that there are intra-and
inter-individual variations in response due to varying effects of monosaccharide glucose on small
intestine absorption (Foster-Powell et al., 2002). L-GI foods are classified as being digested and
absorbed slowly, whereas H-GI foods are rapidly digested and absorbed, showing a high
glycaemic response (Brand-Miller et al., 2003). Glycaemic load is using Gl multiplied by the
amount of CHO in grams, measuring the load of glycaemia calculated with the total CHO
(Salmeron. et al., 1997). It is therefore, more important to consider the total carbohydrate
component of the diet, rather than the type of carbohydrate (e.g. low Gl foods) in order to achieve

good weight maintenance and glycaemic control.
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The International Standard of Gl methodology has been referenced in the Food and Agriculture
Organisation (FAO) / WHO report and has defined L-GI as having a Gl value of under 55 units,
moderate Gl (M-GI) between 56 and 69 units and H-GI above 70 units (Arvidsson-Lenner et al.,
2004; Brouns et al., 2005; Wolever et al., 2003; Wolever et al., 1991). Calculations of incremental
area under the 2-hour postprandial glucose curve (iIAUC) are used to calculate the Gl, using this

calculation:

(IAUC test food / iIAUC control food) x 100

The Glycaemic load (GL) may also be used to describe the glucose release of a food item, whilst

considering the total amount of carbohydrates (g) and is calculated as below:

Amount of carbohydrates (g) x Gl of food

1.5.2 Gl and Health

Many intervention and epidemiological studies have used Gl to investigate effects of health risk
by looking at food biology and health effects and establishing diets of varying GI (Augustin. et al.,
2015; Jenkins. et al., 1987; Jenkins. et al., 2002; Jenkins. et al., 1983; Jenkins et al., 1984;
Salmeron. et al., 1997; Wolever et al., 1985). The Framingham Offspring study cohort showed a
L-GI wholegrain intake is inversely associated with HOMA-IR, resulting in a lower prevalence of
metabolic syndrome (McKeown et al., 2004). The GI concept has been integrated into dietary
guidelines in Australia, France, Sweden, Canada and South Africa, with recommendations from
FAO and WHO that dietary CHO should be L-GI and high in fibre (FAO, 1998; Ludwig, 2002). In
New Zealand, the GI concept has not been integrated into dietary guidelines as the only solution.
Acknowledgement of a combination in low overall energy content, high fibre, L-GI and modified
macronutrient approaches is suggested as nutritional management in obesity and diabetes
treatment and prevention in New Zealand (Ministry of Health, New Zealand Health Strategy, 2016;
Mann et al., 2004; Mann et al., 2017). However, with the exclusion of energy-dense, high fat and
high sugar, yet L-GI foods (Mann et al., 2004; Mann, 2010). Some studies indicate that a L-GI
diet may have beneficial effects on obesity and obesity related conditions such as reduced risk of
T2D, certain cancers (colon and breast) and cardiovascular disease (Brand-Miller et al., 2003; Hu
et al, 2001; Jenkins. et al., 2002). In New Zealand, sweet potato/kumara is grown in abundance
and is used as a staple CHO source. Traditionally, Maori people use sweet potato/kumara in a
hangi (traditional feast steam cooked under the ground) or boiled in casseroles or ‘boilups’.
Today, New Zealanders still boil or roast sweet potato/kumara, as a primary source of CHO
intake. In New Zealand, there are 3 varieties of sweet potato/kumara - golden, red and purple,
but no validated data available on their respective Gl content. There has been some confusion
with GI and sweet potato/kumara (Atkinson et al., 2008; Foo et al., 2013; Foster-Powell & Miller,
1995).
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Figure 4: Physiological effects after ingestion of a L-GI meal (left) vs a H-GI meal (right) in the first 2
hours following ingestion, showing higher blood glucose following a high GI meal, extrapolated from
Ludwig, 2002

1.5.3 Low GI and benefits on health

Clinical trials in healthy, diabetic and individuals with hypercholesterolaemia have shown that L-GI
diets may reduce a number of adverse markers, including blood glucose concentration, insulin
secretion, oxidative stress, inflammatory response and serum triglycerides (Jenkins. et al., 2002).
Ludwig summarised the physiological effect of L-GI vs. H-GI in Figure 4 (Ludwig, 2002). Brouns
et al also suggested that H-GI diet may lead to prolonged glucose exposure and this could
potentially increase health risk and chronic disease progression (Brouns et al., 2005).
Schwingshackl et al conducted a meta-analysis using 2344 participants and reported beneficial
effects on CRP (-0.43mg/l, P<0.05) and fasting plasma insulin (-5.16mIU/L, P<0.01) using a low
Gl of (L-GI; <55 units), however the reported L-GI ranged from 30 to 76 units and H-GI ranged
from 53 to 86 units (Schwingshackl & Hoffmann, 2013).

1.5.4 Contradicting evidence with no difference with Gl

On the contrary, the use of Gl values for chronic disease risk management remains controversial
with a number of studies criticizing the usefulness of Gl in mixed meals, suggesting no effect of
the use of Gl of each component of the food product on weight, glycaemia and other metabolic
parameters (Augustin. et al., 2015; Barclay et al., 2008; Coulston et al., 1987; Vega-Lopez et al.,
2007; Venn & Green., 2007). Salmeron et al examined the relationship between dietary fibre,
glycemic load and risk of T2D in men, adjusted for age, BMI, smoking, exercise, family history of
T2D, alcohol consumption, cereal fibre and TE intake and found a positive relationship between
Gl and total carbohydrate intake, with relative risk of T2D development of 1.37 (P<0.05)
(Salmeron. et al., 1997). Sloth et al did not find any differences between L-GI and H-GI in weight
regulation, appetite, fasting insulin and 3-cell function (Sloth et al., 2004). Aston et al compared

35



Chapter 1: Introduction

a diet with a reduced Gl in 19 O/W women (age 34-65 years, BMI: 25-47kg/m?2, fasting insulin:
49-156pmol/l) in a two consecutive 12-week study and found no effect on appetite, energy intake
and BW (Aston et al., 2008). In 2005, Liese et al found no differences in GlI, insulin sensitivity,
insulin secretion, BMI or WC in 1,000 participants who consumed L-GI and H-GI foods (Liese et
al., 2005).

1.5.5 “Should obese patients be counselled to follow a L-GI diet? No”

Raben conducted a meta-analysis on 31 short-term studies and 20 long-term studies, comparing
the outcomes of high and L-GlI diets and found that participants lost similar weight on either diet
and participants were evenly split on whether the L-GI diet made them feel more satiated and
therefore did not suggest using Gl education on the O/W population (Raben, 2002). In theory,
the L-GI diet have been recommended for weight management and advised as part of general
nutritional guidelines. In turn many factors, ranging from the food matrix, preparation of the test
food, mixed meals, and inter- and intra-individual variation, all affect the physiological
measurement of Gl and hence the Gl value attributed to individual foods (Kataoka. et al., 2013;
Matthan et al., 2016; Venn. & Green., 2007; Venn et al., 2010; Williams. et al., 2008; Wolever. et
al., 1986).

1.5.6 “Should patients with T2D be counselled to follow a L-GI diet? No”

Using Gl per se may be seen as misleading, due to the difficulties in predicting body’s complex
response in healthy individuals let along those with IR and T2D. Due to intra- and inter-individual
variation of 25%, other epidemiological studies demonstrated that using a single Gl value labeled
for food items should not be used when providing nutrition guidelines due to variations affecting
glycaemic response (Matthan et al., 2016; Venn. & Green, 2007). This variability will affect the
health professionals ability to provide correct Gl advice using single Gl factors for food (when
counselling a patient or the general public), and confusing due to conflicting information to the
individual, due to varying glycaemic response in order to prevent high or delay the postprandial
blood glucose excursions. Carels et al conducted behavioural weight loss group and monitored
progress for 1 year and found Gl education had no significant impact on weight loss treatment
outcomes at post-treatment or at 1 year, when compared to the group with no extra Gl education
(Carels et al., 2005).

1.5.7 Extrinsic Factors affecting Gl

Many extrinsic and intrinsic factors affect the physiological glycaemic response of individuals from
consumption and absorption of a food item with set GI factor. Extrinsic factors include the
changes to the environment factors that cause the composition of the food item to vary, modifying
the glycaemic response and therefore Gl of the food item. These factors include food variety,
country of origin, soil composition and humidity, moisture, growing conditions, seasonal, ripeness,
storage time, processing and cooking method. These factors associated with food variety have
been shown to changing the Gl of the food item, the rate of glucose absorption and subsequently

glycaemia and insulinaemia (Jenkins. et al., 2002).
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1.5.7.1 Food matrix — Varietal differences, growing conditions, food preparation

Food variety, country grown in, differences in soll, fertilizer used, external temperature, seasonal
changes and variety (Aldughpassi et al., 2012; Nayak et al., 2014) may all contribute to variability
in Gl response to a food item. Composition of the standard potato (Solanum tuberosum) is also
proven to vary according to potato varieties, maturity level, starch structure, food processing
techniques, all of which may contribute to variability in the Gl of the standard potato (Fernandes
et al., 2005; Nayak et al., 2014). The Gl for potatoes ranges from 47-70units, spreading across
all three GI groups (low <50units, med 50-70units, high>70units) (Atkinson et al., 2008; Foster-
Powell & Miller, 1995; Foster-Powell et al., 2002). The preparation and cooking method of the
test food also affects the Gl as an extreme boiling temperature modifies the starch structure
(Akerberg et al., 1998). Pasta has a Gl ranging from 43 (al dente) to 61 units (boiled for 10
minutes in salted water, vs. 52 units if using unsalted water) (University of Sydney, 2017). When
the food is boiled, the aqueous suspension of starch is heated causing a change in water (boiling
= water is absorbed vs. roasting = water is lost). This also leads to the starch granules swelling
and then a change in structure, as a fraction of the amylopectin becomes part of the substance
and changes to amylose with longer cooking times (Akerberg et al., 1998; Aldughpassi et al.,
2012). Same initial cooking method but different holding time and consumption is also seen to
affect Gl, where cooked and consumed cold pasta compared to when consumed hot has been
shown to have a lower Gl due to the change in resistance starch during the cooling period (Kim
et al., 2008). Despite standardization of the cooking method, different Gl can occur due to
different varieties of the same food producing varying results. Brand-Miller et al found that rice
has a Gl ranging from 64 (low amylose variety) to 93 units (other rice varieties) (Miller et al.,
1992). Adding protein, fat or fibre to a higher Gl-rated food item has been reported to lower the

Gl, also known as the mixed meal effect (Wolever & Bhaskaran, 2012).

1.5.7.2 Consuming a food item alone vs in a mixed meal

Gl differs considerably when a food item is eaten alone or as a mixed meal. Adding protein, fat
and fibre within a meal to the available CHO in this rice mix study | co-authored was found to
lower Gl (Zhang et al., 2015). In an earlier study with collaborators from Otago University, we
showed in a group of T2D Asian Chinese patients that a rice mix with added nuts and seeds
resulted in a lower Gl response when compared to consumption of white rice alone,
demonstrating the mixed meal effect where adding fat, protein or fibre reduces the Gl of the food
(Zhang. et al., 2015).

1.5.8 Intrinsic Factors affecting Gl

Intrinsic factors includes varying absorption rate for and this may vary by the time of consumption,
chewing rate, digestion and absorption rate for individuals. These differences also vary
intra-individually (same person, varying result) and inter-individually (differences between
different individuals) (Matthan et al., 2016).
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1.5.8.1 Intra- and Inter-individual variation; sample size in Gl testing studies

Williams et al reported for a food with a mean Gl of 70 and standard error of 10, the estimated Gl
of the population would have a 95% chance of being between 50 to 90 units (Williams et al, 2008).
The more participants investigated in any study, the greater the statistical power to detect the
response to an intervention and the lower the variability, which also applies to Gl testing (Brouns
et al., 2005). Wolever et al have proposed enrolling a high number of participants in Gl testing to
decrease the margin of error (Wolever et al., 2003). However, the International Gl Methodology
has recommended a sample size of 10, in turn to reduce costs while still achieving good statistical
power for classification of Gl response for individual foods (Arvidsson-Lenner et al., 2004;
Atkinson et al., 2008). Figure 5 showed data from an inter-laboratory study, where 47 participants
were enrolled to test 5 food types, showing the difference in Gl that can be detected with 80%
power at P<0.05 (using two-tailed analysis), by the number of participants and mean GI. This
resulted in a linear relationship between mean Gl and the standard deviation of Gl values for the

5 foods, using glucose control with a GI of 100 (Brouns et al., 2005).

Margin of error
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Figure 5: Estimated margin of error for 95% CI of Gl values by the number of participants and mean
Gl for Glucose = GI 100 (extrapolated from Brouns et al, 2005)

The use of Gl values for chronic disease risk management remains controversial due to inter- and
intra-individual variations when testing for Gl in different foods (Matthan et al., 2016). Differences
in individual absorptive factors altering uptake in the small intestinal in turn affect Gl, with mean
intra- and inter-individual variation shown to be as high as 20% and 25%, respectively, in a recent
study (Matthan et al., 2016). Ethnic differences have also shown differences in Gl for the same
test food is in line with growing data that shows ethnicity to be an important driver of susceptibility
or resilience to hyperglycaemia and adverse metabolic health (Kataoka. et al., 2013; Venn. et al.,
2010).
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1.5.9 International Method of Gl testing

1.5.9.1 Sample size — inclusion and exclusion criteria

In 1998, the FAO and WHO recommended the use the Gl and there have been many changes
during development of current International Method of Gl testing (Atkinson et al., 2008; Foster-
Powell & Miller, 1995; Wolever. et al.,, 1991). The current International GI methodology
recommends at least 10 participants to obtain sufficient statistical power (Brouns et al., 2005;
Mann. et al., 2007; Wolever et al., 2003). Inclusion of both sexes is acceptable, as is varying
ethnicity, and body mass index (BMI) <£29.9kg/m?, since Gl was found to be not significantly
related to age, sex, BMI, ethnicity or type of blood sampling (Wolever et al., 2003). The blood
sampling as recommended by the International GI methodology is using whole capillary blood as
this is simple and relatively non-invasive method of collecting blood and allows for extensive
screening of food (Wolever et al., 2003; Wolever. et al., 1991). The glycaemic response using
capillary blood is reported to be greater than use of venous blood therefore may allow smaller
differences in glycaemic responses to different foods being detected (Wolever. et al., 1991).
Participants with malabsorptive disorders or chronic conditions which may affect glycaemia or IR

is excluded from the study (Wolever et al., 2003).

1.5.9.2 50g Available CHO

CHO sources used for Gl should be fully digestible and absorbable. The usual way for
determining ‘available’ CHO is by subtracting dietary fibre from the total CHO. However, this may
lead to an overestimation in the case of products containing indigestible CHO. -Gl testing requires
the consumption of 50g of available CHO within the given weight of the test food, which must be
consumed reasonably rapidly within a 10 minutes timeframe, as delaying the consumption of the

test food can affect glucose release and glycaemic response.

1.5.9.3 Glucose Control as Reference

Numerous reference foods (glucose, bread, white bread, wholemeal barley bread, wheat chapatti,
potato, rice, wheat and arepa/Mexican starchy food) have been used in the past for Gl testing,
although notably the majority have used monosaccharide glucose or white bread (Atkinson et al.,
2008; University of Sydney, 2017; Williams. et al., 2008). The International GI method suggests

using either glucose or white bread (Brouns et al, 2005; Wolever et al., 2003).

1.5.9.4 Fluid ingestion

Fluids have a strong effect on gastric emptying rate, hence the importance of standardizing the
type and timing of fluid ingested when assessing Gl. In the past, coffee and tea have been used
as the fluid to consume with the test food. However, caffeine is known to decrease insulin
sensitivity in the short term. 375mg caffeine resulted in an increase in C-peptide and insulin as
well as an increase in glucose AUC by 24% (Graham et al., 2001). Therefore, fluid ingestion of
250ml standard tap water is recommended and must be consumed within the allowed 10-minute

consumption window, alongside the test food or glucose control solution (Brouns et al., 2005).
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1.5.9.5 Perior to test day

The evening prior to the Gl test, the recommendation is to avoid unusual vigorous exercise and
excessive alcohol. A 10-hour overnight fast is required with at least one day in between repeat
Gl assessment days. The test should take place in the morning before 10am, after an overnight
fast. This fasted condition is the most stable and likely to minimize intra-individual differences

due to time of the day and influence of prior meal.

1.5.9.6 Blood sampling times

Blood sampling using capillary fingerprick is recommended (as this has been shown to give the
greatest sensitivity) (Brouns et al., 2005; Wolever. et al., 1991). Blood glucose should be
measured at 0 min (baseline), followed by 15, 30, 45, 60, 90 and 120 min after beginning test

meal consumption. The test is always terminated after 2 hours.

1.5.9.7 Calculation of Gl

AUC blood glucose calculation should be based on incremental AUC (IAUC), ignoring the area
under the baseline. The International G| methodology suggests calculating the mean Gl by using
the iIAUC for n=10 individuals. Due to intra- and inter-individual variation, outliers are defined as
three or more standard deviations above the mean (Knox & Ng, 1998; Leys et al, 2013). The
international method notes that outlier glucose measurements can be excluded if needed due to
errors such as stress or seasonal effect as participants new to the testing may experience more
anxiety. This anxiety may influence glycaemic response through delayed gastric emptying or
insulin antagonistic effects of stress hormones. Outliers could also be due to incorrect subject
preparation (e.g. non fasting, excess exercise the night prior), not consuming all of the test food,

analytical error, or errors in data calculation

The first Gl test was conducted in 1981 with groups of 5 — 10 healthy volunteers, who took 62 test
foods in random order after overnight fasting, and compared these results with the glucose
control. Gl is a physiological response of blood glucose to a food, and is defined as the area
under the curve (AUC) of circulating blood glucose after the test food (equivalent to 50 g CHO, or
25 g if unable to tolerate excessive volume i.e. broad beans, beetroot, carrot, parsnip and swede)
is eaten. L-Gl is defined as a rating of 55 units or below; H-Gl is defined as above 70 units, as
shown in Table 12. Another area with some evidence of effect on obesity is using the Gl of foods
where the lower the GI, the more satiety one experiences, promoting a reduction in overall food
intake and resulting in weight loss or assist with weight loss maintenance. Jenkins et al found an
inverse relationship between fat and Gl but no relationship was seen between fibre or sugar and
Gl (Jenkins. et al., 1981; Jenkins et al., 1984; Jenkins. et al., 1988), which was surprising as one

of the purposes of formulating the Gl was to see how this was affected by fibre.

Gl = Blood glucose area of test food X 100

Blood glucose area of reference food taken by the same individual
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Table 12: Gl Classification

L-GI Moderate Gl H-GI
Gl (units) <55 56-70 >70

Gl, Glycaemic Index; L-Gl, low glycaemic Index; H-GI, high glycaemic index

An interesting finding from the initial Gl testing showed that the high CHO foods with the lowest
Gl were those eaten commonly by the poor people living in Western countries, Africa and Asia,
these include oatmeal porridge (Gl 49 units), sweet potato/kumara (Gl 48 units), spaghetti
(Gl 42 units), buckwheat (Gl 51 units), yam (Gl 51 units) and legumes (Gl 29-40 units) (Foster-
Powell & Miller, 1995). Following this study, 3-years later Jenkins et al conducted a report using
5 studies who also found discrepancies in the Gl levels using normal and diabetic volunteers,

demonstrating variations within individuals (Table 13) (Jenkins. et al., 1984).

Table 13: Mean Gl of foods

Jenkins et al 1981 (N) - GI Jenkins et al 1984 (N+DM) - Gl
Porridge 49 85
Muesli 66 96
Sweet potato/kumara 48 70
Potato 70 81
Spaghetti 42 66
Buckwheat 51 74
Yam 51 74
Legumes 29-40 20-60
Apple 39 53
Banana 62 79

Gi, Glycaemic Index; n = healthy volunteers; DM = volunteers with T2D; data extrapolated from Crapo et al., 1977,
Jenkins et al., 1981; Jenkins et al., 1983

The International Scientific Consensus Summit from the International Carbohydrate Quality
Consortium (ICQC) have shown the health benefits on Gl and glycemic load (GL). Consequently,
in this publication, authors have suggested the importance of implementing Gl and GL in national
dietary guidelines, food composition tables and food labeling, in order to best educate the public
and prevent their risk of developing chronic diseases (Augustin. et al., 2015). In 5 large
epidemiological studies, a L-GI diet has shown many beneficial effects on obesity and obesity
related conditions such as reduced risk of T2D, certain cancers (colon and breast) and
cardiovascular disease (Brand-Miller et al., 2003; Hu et al., 2001; Jenkins. et al., 2002; Larsen et
al., 2010; Williams. et al., 2008). Clinical trials in healthy, diabetic and individuals with
hypercholesterolaemia have shown that L-Gl diets may reduce a number of adverse markers,
including blood glucose concentration, insulin secretion, oxidative stress, inflammatory response
and serum triglycerides. Physiological testing is required to assign a Gl value to each individual
food item, and there is contradictory data for some items, including sweet potato/kumara, which
is widely eaten in NZ. In the 1995 International Table of Gl, sweet potato/kumara was assigned
a Gl of 48 (Foster-Powell & Miller, 1995), whereas in 2002 it was assigned a Gl of 77 (Foster-
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Powell et al., 2002), Jenkins et al 1984 assigned Gl of 70 (Jenkins. et al., 1984); both using a
reference standard of 50g glucose/white bread. The recommendations suggest using glucose
over white bread, due to intraindividual variation with white bread, as white bread requires an
average of three control test results to to variations compared to one sample using glucose
(Wolever et al., 1985). The international resource ‘Glycaemicindex.com,’ which is widely used in
dietary trials and clinical practice, assigns sweet potato/kumara a Gl of 50 units (Wolever et al.,
1985).

Wolever et al reported that there was an inverse association between protein and fat on Gl, where
increase in protein and fat would reduce the Gl in mixed meals (Jenkins. et al., 1983; Wolever. et
al., 1985). There is also growing evidence supporting the hypothesis that higher protein diets
may improve glycaemia (Baum et al., 2006; Kushner & Doerfler, 2008; Larsen et al., 2010;
Layman & Baum, 2004) with recent data showing that some proteins may have an effect on
metabolic regulation independent of BW (McGregor & Poppitt, 2013). Whey protein for example,
as an insulin secretagogue, may enhance glycaemic control with studies showing postprandial
suppression of diet-induced hyperglycaemia by whey, decreasing glucose levels by ~20% in the
3 hours following ingestion (Jakubowicz & Froy, 2013). It also has a positive effect on the incretin
system, with increased GIP, decreased GLP-1, and decreased DPP-4 activity in the small
intestine (Jakubowicz & Froy, 2013).

1.6 Prevention of T2D in Europe and Around the World (PREVIEW)
study

Development of T2D even in high-risk groups is not inevitable. Diet and PA lifestyle modification
has long been shown to delay the progression from pre-diabetes, but the lifestyle strategy chosen
may be of considerable importance. T2D prevention studies such as China Da Qing (Pan et al.,
1997), Finnish Diabetes Prevention Study (FDPS) (Lindstrom et al., 2003) and USDPP (Diabetes
Prevention Program (USDPP) Research Group, 2002) amongst others have shown a lower fat,
higher complex CHO diet to be effective in decreasing risk of progression to disease. In the
international PREVIEW study, it is hypothesized that a higher protein, lower Gl diet may further
improve dietary adherence, promote maintenance of weight loss longer term and so further
prevent disease progression. Lower Gl enhanced the effect of the higher protein diet, suggesting
that protein content whilst clearly important was unlikely to be the only driver of intake in this
study. This is also hypothesised in my thesis investigating the PREVIEW:NZ cohort in Auckland,
New Zealand. Certainly lower fat, higher protein diets look to be efficacious in shorter-term
studies, with increased satiety, thermogenesis and FFM, decreased FM and enhanced glycaemic
control. There has been a need for longer-term RCTSs, investigating the role that higher protein
diets can play in T2D prevention, particularly in O/W groups at heightened risk (as summarised
in Table 14).

The success of the DiIOGENES trial, as previously described, led to considerable interest in higher
protein diets for longer-term maintenance and, in turn, amelioration of T2D risk (Larsen et al.,

2010). Hence, the implementation from July 2013 of a large, global, 3-year ad lib diet and
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exercise intervention, PREVIEW (PREVention of T2D through lifestyle intervention in Europe and
Worldwide, NCT01777893 (Fogelholm et al., 2017) in New Zealand, Australia and 6 European
countries. The aim was to investigate whether a low fat, higher protein and L-GI diet was also
successful for longer-term control of glycaemic and prevention of T2D, when compared with

current best practice of low fat, higher CHO diet.

Two thousand five hundred high-risk O/W and dysglycaemic adults and children were randomised
into the international PREVIEW trial, with primary endpoint incidence of T2D at 3 years, and
findings expected at the end of 2018. The PREVIEW International trial used a 2x2 factorial with
2 diets (higher protein/low fat/L-Gl (HP/L-GI) intervention diet vs. higher CHO/low fat/moderate
Gl (LP/M-GI) control diet) and 2 exercise (high intensity/short duration intervention vs. moderate
intensity/moderate duration control) strategies for the prevention of T2D, using diagnosis of T2D

as the main outcome (Fogelholm et al., 2017).

This thesis is based on 2 years of the 3-year international PREVIEW T2D prevention RCT
investigating the response of T2D biomarkers following dietary intervention, in the Auckland
cohort of 321 participants (Silvestre et al., 2014). Group education was formatted using objectives
set for each group session and conducted according to the protocol and individualised for the
New Zealand population. We aimed to investigate the interaction of the two diets (higher protein
vs. higher CHO) for prevention of worsening glucose control and other markers associated with
T2D. Measures included anthropometric and biochemical measures, diet compliancy and

attendance to group education sessions.

This PhD thesis aims to investigate factors that are important for T2D prevention over a 2-year
weight loss maintenance follow-up through dietary factors with anthropometric and metabolic
markers as the end point. Due to the ethnic diversity of Auckland, New Zealand, this thesis aims
to look for ethnic differences and the risk of developing T2D with the diverse ethnic groups within
New Zealand. The first results chapter is the LED Chapter 3, with the goal of >8% BW loss in 2
months, and investigates between anthropometric and metabolic measures in this population.
Chapter 4, then investigates the weight loss maintenance during the higher protein lifestyle
intervention over the 2-year period and again presents data on the anthropometric and metabolic
measures. The final results chapter for this thesis, Chapter 5, presents a substudy investigating
Gl of three New Zealand varieties of sweet potato/kumara. The results from this sweet
potato/kumara and Gl substudy were used to inform PREVIEW:NZ participants on the Gl value
of an important and widely consumed NZ food, the sweet potato/kumara, from which they in turn

would be able to modify their dietary intake accordingly.

1.7 Aims, Objectives and Hypothesis

The main aim of this thesis was to investigate the benefits of short term acute LED-induced
weight loss and longer term lifestyle-induced weight change (loss, gain or no change) on
metabolic parameters associated with risk of T2D in Caucasian, Maori/Pacific and Other
ethnicity subgroups within the Auckland sub-set of PREVIEW:NZ. The aim of the substudy on
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Gl was to analyse the Gl of kumara to be able to make diet recommendations in the lifestyle

intervention weight maintenance phase.

1.7.1
1.7.2

1.7.3

1.7.4

PREVIEW-NZ primary objectives

The main objectives for this thesis were:

To investigate changes in BW, body composition and metabolic markers during LED-
induced weight loss and 2-year higher protein lifestyle intervention weight maintenance
follow up in overweight New Zealand cohort with pre-diabetes.

To investigate the role of ethnicity and gender on weight loss, weight loss maintenance

and metabolic health.

PREVIEW-NZ secondary objectives

To investigate the GI of the commonly eaten CHO staple, sweet potato/kumara in a

subgroup of healthy adults

The main hypotheses for this thesis are:

An 8-week LED (4MJ/day) will lead to 28% BW loss and improve in metabolic markers
associated with T2D.

An ad libitum low fat, higher protein, lower Gl diet will improve weight loss maintenance
and associated metabolic markers when compared to a low fat, higher CHO, moderate
Gl diet.

Baseline BW will predict absolute BW and FM loss during LED in all ethnicities, and
markers of metabolic health may be ethnicity dependent (Caucasian, Maori, Pacific Island
and other cohorts within the Auckland subset of PREVIEW:NZ)

Continued weight loss and/or maintenance of BW during lifestyle intervention will result
in improved metabolic health; and that changes in markers of metabolic health may be

gender and ethnicity dependent.
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Trial, Duration, Year Population Intervention Effect on BW/BMI Effect on T2D risk F/U —T2D risk
Bedford study n=241 2 x 2 factorial: tolbutamide vs. placebo; trained  ns effect of treatments; -  No evidence that CHO 10 yr: baseline
UK (Keen, Jarrett, Ward, & 49% F to restrict CHO intake (<120g/d) 2kg BW loss across all restriction reduces T2D glycaemia major
Fuller, 1973; Keen etal.,, 1982)  niddie aged C: advice on table sugar cohorts at 5yrs risk at 5 or 10yr predictor of T2D; BMI
g predicts T2D only at 5-
10yrs (5 +5) O, IGT 10yr (9.8% vs. 0.9%),
1962-72 P<0.05
Whitehall study n=204, M 2 x 2 factorial: phenformin vs. placebo; trained  -5kg BW loss in CHO No evidence that CHO 10 yr: baseline
UK (Jarrett et al., 1984) 48-65 yrs. to restrict CHO intake (<120g/d) restricted group at 5yrs restriction reduces T2D glycaemia major
C: advice on table sugar risk at 5 or 10 yr predictor of T2D; BMI
10yrs (5 +5) H, oW g does not predict T2D at 5
1967-1980 IGT or 10yr
Malmé study n=415, M nonrandomised significant -2.0 to 3.3kg significant 63% RR N/A; significantly lower
Sweden (Eriksson & Lindgarde,  47-49 yrs. D+PA: 10-15en%protein, <30en%fat, BW loss in IGT-D+PAvs.  reduction for IGT-D+PA  mortality for IGT-D+PA
1991; Eriksson & Lindgarde, H. OM: T2D 55en%CHO, high fibre; +increase PA +0.2 to 2.0kg gain in vs. IGT- C at 6yr, (6.5_ per 1000 person yrs.
1998) : : ' ] o IGT-C (P<0.01) P<0.003 at risk) vs. IGT- C (14.0)
IGT-D+PA, C: std advice+increase PA at 12yr F/U
6 yrs, 1974-1992 IGT-C, NG;
Da Qing, China (Li et al., 2008;  n=577 D only: 10-15en%protein, 25-30en%fat, 55- +0.93kg BW gain in D significant 33% reduction 20 yr : 43% lower
Lietal, 2014; Pan et al., 1997) 4704 F 65en%CHO,; if O/W, also decrease EIl for BW only and +0.71kg in PA in incident T2D for D incidence for combined
6 yrs 525 vrs loss of 0.5-1kg/wk only; -1.77kg BW loss in only, 47% for PA only, lifestyle gps
1986-1992 Y PA only:increase leisure PA D+PA; vs. +0.27kg BW 38% for D+PA; 51% for 3 53 yr: 4505 lower
H + O/W D+PA: as above gaininC combined lifestyle incidence for combined
IGT ) ) . groups lifestyle gps
C: general information, no counselling
Mercy Hospital n=200, F Intensive D advice — healthy diet + PA; regular ~ BMI increased in both ns 36.6% RR reduction N/A
Australia (Wein et al., 1999) >36yrs previous ~ compliance follow up intensive D (+0.8kg/m?)  (p>( 0s)
6yrs GD C: routine advice — healthy diet + PA, no and C (+0.6kg/m®)
follow-u
1989-1997 H, O/W, IGT P
Japan DPS (Kosaka et al., n=458, M Intensive: D+PA - restrict El, aim BMI significant -2.18kg BW significant 67.4% N/A
2005) 30-69 yrs <22kg/m? 52-18-20en%protein, 21-28en%fat loss in DfrPA vs. -0.39Kg  RR reduction
4yrs H. O, IGT (low SFA) 61en%CHO, BW loss in C
1990-1996 ' ' C: standard (S): D+PA - aim BMI <24kg/m?
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Trial, Duration, Year Population Intervention Effect on BW/BMI Effect on T2D risk F/U — T2D risk
Oxford, UK (Page et al., 1992) n=31 D+PA: decrease El, 15en%protein, <30en%fat, ns change from baseline  RR not reported; 2 yr: significant FPG
6 mths 29% F 55en%CHO, limit SFA, fibre 20g/1000kcal & ns difference in BW ns change from baseline increase in D+PA; ns
<1990 18-60 yrs C: no D or PA advice & ns difference in FPG change in C

H, O/W

IGT
New Zealand (Bourn et al., n=52 D+PA:15-20en%protein,<30en%fat,50- -0.6kg BW loss in IGT RR not reported; N/A
1994) 5206 F 55en%CHO,fibre 20g/1000kcal, limit SFA and group 40% of IGT with normal
2yrs 1879 yrs sugars, No C group 2 hr glucose
1988-1992 H. OMW C: no Control group at OGTT

T2D, IGT No C group
FDPS (Lindstrom et al., 2003; n=522 D+PA - individualised advice 30en%fat, significant -3.5kg (4%) significant 58% RR 7 yr : significant 43% RR
Lindstrom et al., 2008; Uusitupa  g704 E <10en%SFA, >15g/1000kcal fibre, incr PA. BW loss in D+PA vs. - reduction reduction
et al., 2003) 4064 yrs Goal 5% BW loss. 0.9kg (1%) loss in C 13 yr : significant 32%
3.2yrs C: general advice, not individual, decr BW, incr RR reduction
1993-1998
USDPP (Crandall et al., 2008; n=3234 3 groups; MF + standard advice; Lifestyle significant -5.6g BW loss  significant 58% RR 10 yr, 34% RR reduction
Knowler et al., 2009; Nathan et 57 centres intensive D+PA goals, 7% BW loss, low El, [7% BW goal achieved reduction for Lifestyle; for Lifestyle; 18% RR
al., 2013) <25en%fat, PA 150min/wk, individualised by 49% at 6m, 37% at 31% RR reduction for reduction for MF

68% F ; 3yr] in Lifestyle vs. - MF ;
3yrs C: placebo + standard advice yriin Y : 15 yr, RR reduction 27%

25-85 yrs 2.1kgin MFvs. -0.1kg for lifestyl
1996-2001 : yie

H, OW, IGT inC
Indian DPP (Ramachandran et ~ n=531 4 groups; MF; D+PA:lowEl/refinedCHO/fat, ns change in BW significant 28.5% RR N/A
al., 2006) 21% F increase fibre, regular PA;MF+D+PA,; reduction in D+PA,;

. I individual ; 26.4% in MF; 28.2% in

3yrs 35-55 yrs C: usual care, no individual advice M+ D+PA
2001-2005 H OMW

IGT
SLIM NL (Mensink et al., 2003;  n=147 Dutch guidelines, individualised D+PA advice, significant -1.1kg BW significant 58% RR N/A
Roumen et al., 2008) 49% F 30-35en%fat, <10en% SFA,150 min/wk loss for D+PA vs. +0.2kg  reduction for D+PA vs. C
3yrs >40 yrs C: healthy eating plus PA, no individualised BW gain for C
1999-2005 oM. IGT advice
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Trial, Duration, Year Population Intervention Effect on BW/BMI Effect on T2D risk F/U — T2D risk
EDIPS-Ncl n=102 D: >50%enCHO, <30%enfat, <10% SFA, high significant -2.3kg BW significant 55% RR N/A
(Penn. et al, 2013 : Penn. etal,  59% F fibre, BW loss goal BMI <25kg/m? Ios_s i'n D vs. +0.01kg BW  reduction in D vs. C
2009) 3 yrs >40 yrs C: health promotion advice gainin C
2000-2007 oM. IGT
USA (Liao et al., 2002) n=74 AHA Step 2 intensive D <30en%fat, significant -1.8kg BW RR not reported; N/A
Japanese 559% F <7en%SFA, 55en%CHO, endurance PA loss in Step 1 vs. +0.7kg  significant improvement
Ethnicity 42-66 yrs C: AHA Step 1 D <30en%fat, 10en%SFA, BW gainin Step 2 C in IGT for AHA Step 2 vs.
50en%CHO, stretching PA SteplC

2yrs H, O/W
2002-2005 IGT
JDPP (Sakane, 2005) (Sakane, n=304 Lifestyle intensive D+PA goals -5% BW and significantly greater BW ns 51% RR reduction in N/A
2005) 50% F increase leisure PA (+700kcal/wk), <25en%fat, loss in D+PA atyr 1 D+PA vs. C (P>0.05) at
3yrs limit alcohol, C: healthy lifestyle advise at (P<0.05); ns difference yr3

30-60 yrs baseline only atyr3
1999-2006 H OMW.IGT
Zensharen (Saito et al., 2011) n=641 Freq individualised FINT: low El, 20-25en%fat,  significant -2.5kg BW HR 0.56 in FINT vs. C N/A
Japan 28.5% F 55-60en%CHO, high fibre, increase PA, goal - loss in FINT vs. -1.1kg
3yrs 30-60 Vs 5% BW BW loss in C
2004-2009 H O/V\)// C: same advice, less freq

BMI>24kg/m?

IGT
China (Tao et al., 2004) n=60 D+PA: D advice with moderate PA N/A HR 0.30 in D+PA N/A
N/A 43% F C: D advice only vs. C

34-65 yrs

oW, IGT
China (Fang et al., 2004) n=178 4 groups: acarbose; flumamine; D+PA N/A HR 0.75 in D+PA N/A
5yrs 45% F education and monitoring vs. C

34-65 yrs C: education

IGT

Footnotes: AHA, American heart association; BMI, body mass index; BW, body weight; CHO, CHO; C, control; D, diet; D+PA, diet plus physical activity; DPS, T2D prevention study; EDIPS, European
T2D prevention study; El, energy intake; FPG, fasting plasma glucose; F, female; F/U, follow-up; GD, gestational T2D; H, healthy (BMI<25kg/m?); HR, hazard ratio; IGT, impaired glucose tolerance;
JDPP, Japanese T2D prevention program; L, lifestyle; M, male; MF, Metformin; mths, months; N/A, not available; Ncl, Newcastle; NL, Netherlands; ns, not statistically significant; NG, normoglycaemia;
OGTT, oral glucose tolerance test; O/W, overweight (BMI 225kg/m?); PA, physical activity;%en, percentage of energy; RR, relative risk; SFA, saturated fatty acids; SLIM, study on lifestyle intervention

and impaired glucose tolerance Maastricht; std, standard; T2D, T2D; TE, total energy; USDPP, US T2D prevention program; wk, week; yr, year; yrs, years, O/W, overweight
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Chapter 2 Common Methodologies

2.1 Overview: The PREVIEW Trial

The International PREVIEW trial aimed to recruit 2,500 O/W, pre-diabetic participants (2,300
adults and 200 children) into a 3-year (36-month) intervention. It was a multi-national,
randomized, clinical intervention study in 8 sites in 6 EU countries: Bulgaria, Denmark, Finland,
Spain, the Netherlands, United Kingdom, and in Australia and New Zealand. The primary
outcome for this large study was the diagnosis of T2D. The adult intervention was performed in
all the 8 intervention sites. PREVIEW:NZ was conducted at the Human Nutrition Unit, University
of Auckland, New Zealand from July 2013 till the end of study in May 2018. PREVIEW comprised
of 2 phases. Phase 1 was an 8-week LED-weight loss period, and Phase 2 was a 3-year weight
maintenance period where participants were randomised to a lifestyle (diet and exercise)
intervention. This thesis presents data from the first 2 years of the study conducted in New
Zealand (PREVIEW:NZ).

2.1.1 Ethics Approval

Human ethical approval for the PREVIEW:NZ trial was obtained from the New Zealand National
Health and Disabilities Ethics Committee (HDEC) Northern X Regional Ethics Committee; Ethics
number 13/NTB/41/AM02. All participants completed written consent before any measurements
were undertaken. Participants were informed that their input was voluntary and that they had the
right to withdraw from the study at any time without providing a reason. They were also informed
that this was an intention to treat (ITT) study and that all aspects of the study would analysed.
Complete withdrawal from the study was recorded and an end of trial termination form was then
completed. The Clinical Trial Registration number for the international PREVIEW study is
NCTO01777893.

2.2 Recruitment

2.2.1 Advertising and Recruitment Process

Recruitment for PREVIEW-NZ commenced in July 2013. A one-page advertisement was
circulated via email among University staff, Hospital staff members, social media, local
newspapers, radio advertisements posters in supermarkets, around the university and throughout

the Auckland region. Respondents contacted the Human Nutrition Unit (HNU) research team.

2.2.2 Study Participants

For PREVIEW-NZ, 1654 adult participants were pre-screened using the telephone and an internet
survey tool (SurveyMonkey™, Sydney, Australia). After pre-screening for eligibility, 584
participants were invited for in clinic screening using an OGTT at the Human Nutrition Unit.

Following screening, 321 participants were found to be eligible and enrolled for PREVIEW-NZ.
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2.2.3 Pre-Screening

Interested participants were invited to contact the research team by email or phone. They were
then asked to complete a short survey via phone or using an online tool i.e. SurveyMonkey using
the questions raised as risk factors in the FDRS (Saaristo et al., 2005). Those with a FDRS
=212 points were contacted to progress to the second stage of the screening process, the clinic
information meeting where the study was explained in person, participant information sheet
provided and questions answered. The pre-screening questions included physical characteristics
such as weight, height, medical history including prior surgery, glycaemia related disorders and

monitored lifestyle patterns such as fruit and vegetable intake and exercise frequency.

2.2.4 Screening

The screening process was conducted in clinic and involved anthropometric and laboratory
assessments, in addition to questionnaires. The anthropometric measurements involved weight,
height, resting BP and HR, plus an electrocardiogram (ECG) was required for those aged over
55 years of age. An OGTT was conducted to assess glycaemic status. This was a simplified
2 sample test, with blood samples collected fasted and at 120 minutes after the oral glucose load.
Safety tests were also conducted including for liver and kidney function. Blood samples were
analysed locally at the Human Nutrition Unit using a Roche Reflotron benchtop analyser. A series
of questions to confirm each individual's eligibility criteria were asked at the screening visit.
Questions included age, ethnicity, medical history, recent weight change and behavioural

patterns.

2.2.5 Inclusion and Exclusion Criteria

2.2.5.1 Inclusion Criteria

Inclusion criteria included being aged between 25-70 years of age, O/W with BMI =25kg/m?.
Pre-diabetic using the WHO/IDF criteria, of fasting glucose concentration between 5.6-6.9mmol/|
and/or 2-hour glucose concentration between 7.8-11mmol/l following 75g oral glucose bolus.
Smokers were included in the trial, provided there was no change in smoking habit over the past
month. Motivated participants had to be willing to be undertake the weight loss study using LED
and understand that they may be randomized to follow to one of two diets and one of two exercise
groups for the weight loss maintenance phase. Lastly, participants had to attend the clinical
investigation days (CID) at the Human Nutrition Unit during normal working hours or at the

weekends (see Table 15).

2.2.5.2 Exclusion Criteria

Exclusion criteria included both normoglycaemia and T2D at screen. Also other significant
cardiovascular disease within the past 6 months, significant hypertension or unstable treated
hypertension. A range of other medical exclusions are listed in Table 15. Participants were also
excluded for >5% BW change in the previous 2 months, current active weight loss diets
(e.g. Atkins diet or similar), eating disorders and severe food intolerance. Previous bariatric

surgery was also an exclusion (see Table 15).
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Table 15: Summary of Inclusion and Exclusion Criteria

Inclusion Criteria

Exclusion Criteria

Aged 18 and over
BMI 225kg/m2
PreT2D according to WHO/IDF

IFG: Fasting venous plasma glucose
level of 5.6-6.9mmol/l OR

IGT: Venous plasma glucose

concentration 7.8-11mmol/l 2 hr after
759 glucose solution following OGTT
criteria, with fasting glucose <7mmol/l

Read Participant Information Sheet and
signed Consent Form

No change in smoking habit over the
past 1 month (smoking allowed but no
change)

Agreed to partake in the LED and
randomized intervention group

Agree to attend the clinical
investigation days (CID) during normal
working hours

Diagnosed with T2D. Other Medical conditions as reported by
participant

Had a significant cardiovascular disease (e.g. current angina,
myocardial infarction or stroke) within the past 6 months.

Heart failure or with symptomatic peripheral vascular disease.

Systolic blood pressure above 160mmHg and/or diastolic blood
pressure above 100mmHg (with or without hypertension treatment).

If treated for hypertension, no change in drug treatment within last
3 months to be included in the study.

Advanced chronic renal impairment
Significant liver disease e.g. cirrhosis (fatty liver disease allowed)

Active cancer/malignancy or in remission for less than five years after
last treatment

Active inflammatory bowel disease
Coeliac disease

Chronic pancreatitis

Other malabsorptive disorders
Previous bariatric surgery

Chronic respiratory

Neurological, musculoskeletal or other disorders where participants
would have unacceptable risk or difficulty in complying with the
protocol (e.g. physical activity program).

With transmissible blood-borne diseases e.g. hepatitis B, HIV

Psychiatric illness (e.g. major depression, bipolar disorder) are also
excluded.

Certain medication taken within the past three months with a potential
of affecting BW or glucose control e.g. glucocorticoids (allowed
inhaled and topical steroids or bronchodilators), psychoactive
medication, epileptic medication or weight loss prescriptive, over the
counter or herbal medication is also excluded.

Other factors:

Engaging in competitive sports

Reported weight change, >5% weight change within two months of
screening is also excluded.

On a special diets (e.g. Atkins, vegan)

Drink more than 21 standard alcohol drinks per week or men or more
than 14 standard drinks for women

Drug users in the past 12 months
Suffer from severe food intolerance
Reported eating disorders

Pregnant or lactating or plans to become pregnant in the next 36
months

Limited or no access to either phone or internet
Inadequate understanding of English language

Suffer from psychological or behavioural problems making it difficult to
comply with the protocol

Donated blood/blood transfusion in the past one months from
baseline

Laboratory — if venous plasma glucose fits the eligibility criteria
Haemoglobin concentration below local reference values i.e. anaemia
Creatinine >1.5 times upper limit of normal local reference value
Abnormal Electrocardiography (ECG) — only required for age 55-70
yrs

After LED phase at CID2/Post LED - Failure to reach 8% weight loss
from initial BW

BW, body weight; BMI, Body Mass Index; T2D, Type 2 Diabetes; OGTT, Oral glucose tolerance test; IFG, Impaired
Fasting Glucose; IGT, Impaired Glucose Tolerance; ECG, Electrocardiography; Clinical Investigation Day 2, Post LED

at 8 weeks
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2.3 Study Design

The PREVIEW study design is shown in Figure 6. Phase 1 of the study was the 8-week weight
loss LED intervention intended to achieve >8% BW loss. Participants attended the clinic every
2-weekly, where BW was measured and they received group counselling sessions intended to
promote compliance to the diet. Phase 2 of the study was a randomized 3-year weight loss
maintenance intervention intended to prevent weight re-gain, from which this thesis presents data
for years 1 and 2. Participants attended a further 13 group counselling sessions, with months
between sessions increasing as the intervention progressed in a fading visit design. Eight weight
loss maintenance group education sessions were conducted in the first year, only 3 in the second
year and 2 in the third year. Figure 6 represents PREVIEW International study of 3 years with a
total of 7 CID visits and 13 group sessions. In order to meet the recruitment target, 44-48
participants per cohort was recruited. Table 16 represents PREVIEW:NZ study of 2 years with a

total of 6 CID visits and 11 group sessions, as presented in this thesis.

CIDs were conducted throughout the trial, where participants underwent anthropometric and
laboratory assessment.

CID1 - Baseline, pre LED, Omonths (CID1/Baseline)

CID2 - Post LED/2 months (CID2/Post LED)

CID3 — 6 months (CID3/6m)

CID4 — 12 months (CID4/12m)

CID5 — 18 months (CID5/18m)

CID6 — 24 months (CID6/24m)

CID7 - 36 months [data not presented in this thesis]

Details of both phases of the intervention are provided in following sections of this Chapter.
Table 16 presents the timing of the endpoint measures conducted throughout the 2-year study.
In summary, primary end points of BW and FPG were measured at all CIDs; an OGTT was
conducted at all CIDs other than CID2/Post LED (end of LED); body composition was measured
at all CIDs other than CID5/18m (18 months). Adverse events were reviewed throughout the
intervention at all CIDs, as were changes in medications. Medical diagnosis of progression to
T2D, either during PREVIEW assessment at CIDs or by a healthcare practitioner, was an

exclusion criterion for the study, hence the intervention was terminated and the participant

referred for appropriate medical treatment.
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Table 16: PREVIEW:NZ Study Design

Screen Baseline  Weight Reduction (LED) Weight loss Maintenance Intervention

Visit 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

CiD1 CID2 CID3 CID4 CID5 CID6
Time (months) 0 2 3 4 5 6 8 10 12 15 18 24
Time (weeks) 0 2 4 6 8 10 12 16 20 26 32 44 52 64 78 104
Group meeting X X X X X X X X X X X X X X X X
BW (kg) X X X X X X X X X X X X X X X X X
Height (m) X
WC (cm) X X X X X X
Body composition (DXA) X X X X X
Blood pressure, ECG (55-70 X X X X X X
y)
Fasting blood samples X X X X X X
OGTT (0, 30, 60, 90, 120 0+12 X X X X
min) Omin
Food diary collection 4-day X X X X
food record
Adverse event and X X X X X X X X X X X X X X X X

concomitant medication

X, measurements conducted; CID, Clinical Investigation Day; BW, Body weight; WC, waist circumference; DXA, Dual Energy X-ray Absorptiometry; ECG, Electrocardiogram; OGTT, Oral
glucose tolerance test
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2.3.1 CiD1/Baseline visit for eligible participants

Following screening, 321 participants were enrolled for PREVIEW:NZ and invited for a
ClID1/Baseline visit. Parameters measured at CID1/Baseline are shown in Table 17. This was a
3-hour clinic visit and included anthropometry, collection of a fasting blood sample (glucose
method, via THL (commercial analytical commercial company) collaborator in Helsinki using
hexokinase enzymatic method), a repeat multi-sample OGTT, and a DXA, GE Lunar iDXA (GE

Healthcare, Waukesha, WI) body composition scan, all described in detail later in this Chapter.

Upon enrolment, and prior to both CID1/Baseline and the commencement of the 8-week LED,
eligible participants were asked to complete a 4-day self reported food diary as ‘homework’. This

completed data was brought by the participant to CID1/Baseline visit.

Once participants had completed CID1/Baseline they began Phase 1 of the intervention, the
8-week weight loss LED. Meal replacement sachets were dispensed, information on use of the
meal sachets was provided, and an LED 2 week appointment was booked. Details of the LED

are described in detail later in this Chapter.
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Table 17: PREVIEW:NZ - Parameters measured at Clinical Investigation Days (CIDs)

CID# Parameters Measured

Screening Weight, Height
2-sample OGTT, incl fasting and 2 hr glucose
Safety tests, incl liver function
BP, HR, ECG (55-70y)

Weight loss CID1/Baseline Weight, WC

8-week LED 0 week Fasting glucose, multi-sample OGTT, Insulin, C-Peptide, HbAc, Lipids,
CRP

BP, HR
Body Composition DXA
Food record diary

CID2/Post LED Weight, WC

2 month Fasting glucose, Insulin, C-Peptide, HbAxc, Lipids, CRP
BP, HR
Body Composition DXA

Weight Loss CID3/6m Weight, WC

Maintenance Fasting glucose, OGTT, Insulin, C-Peptide, HbA1c, Lipids, CRP
BP, HR
Body Composition DXA
Food record diary

CID5/18m Weight, WC
Fasting glucose, Insulin, C-Peptide, HbAxc, Lipids, CRP
BP, HR
CID6/24m Weight, WC
Fasting glucose, OGTT, Insulin, C-Peptide, HbAxc, Lipids, CRP
BP, HR
Body Composition DXA
Food diary record

CID, Clinical Investigation Day; LED, Low Energy Diet; OGTT, Oral Glucose Tolerance Test; HbA1C, Glycosylated
Haemoglobin; CRP, C-Reactive Protein; C-Peptide, serum connecting peptide; BP, Blood Pressure; ECG,
Echocardiogram; DXA, Dual Energy X-ray Absorptiometry

2.4 Phasel-LED

2.4.1 Initial 28% weight loss using LED

Weight loss was achieved using the LED, consisting of 4 sachets of the energy-controlled meal
replacements using milk shakes, porridge and soup, from the Cambridge weight loss programme
(Cambridge Weight Plan, Corby, United Kingdom). Each meal replacement sachet was
reconstituted using 250ml trim milk (3/day) and tap water (1/day). In addition 2 cups of non-starchy
vegetables and 2 litres of water were allowed per day. These products contained all of the
macronutrients, vitamins and minerals required, whilst limiting TE intake to 4MJ per day to
achieve the weight loss goal of 28%. Side effects from the sudden decrease of energy intake
may occur including headaches dizziness, tiredness, nausea and constipation. Sensitivity to the
cold, dry skin, bad breath and increased risk of hair loss may also occur when on a LED. Extra
fibre using psyllium husk was provided to prevent bowel discomfort. During the 8-week LED, no
vigorous exercise was recommended. Fluids allowed included water, black tea/coffee and sugar-

free diet carbonated drinks/cordial only. No energy containing drinks were allowed, including
55



Chapter 2: Common Methodologies

alcohol, fruit juice, sugar sweetened drinks or full cream milk. (Appendix A: Full preparation and

instructions on the LED)

During the LED phase, participants attended the HNU every 2 weeks for a period of 8 weeks.
At each visit they were weighed (non-fasted, often evening measurements) to encourage
compliance to the diet. Participants calculated their own goal weight and total weight loss required

to meet the 8% weight loss goal using the calculations below:

kg x 092 = kg
(current weight) (goal weight)
kg — kg = kg
(current weight) (goal weight) (amount of weight to lose)

2.4.2 Group counselling/education sessions

Group sessions were held every 2 weeks during the 8-week weight loss LED phase, as described
above. At each session participants were provided with dietary counselling as a group of
~8 participants, with particular focus on completion of the LED phase and compliance to the strict

diet. Behavioural training was a key part of each session, as described below.

2.4.3 Behavioural Education

Behavioural training in the group setting was also conducted throughout the LED phase at each
2-weekly session, using the PREVIEW behavior modification intervention toolbox (PREMIT)
paradigm (Huttunen-Lenz. et al., 2018; Kahlert et al., 2016). The group counselling sessions
were aimed for ~8 participants, lasted about 120 minutes, and were delivered by members of staff
trained in using the PREMIT methods such as persuasive communication and action planning.
The baseline session in Phase | included information about the LED designed to facilitate the loss
of 28% BW. The second and third sessions highlighted for participants the recommended
behavioural changes that they would be required to following in Phase 2, and also and promoted
self-efficacy. The fourth session promoted willingness to follow the recommended diet in Phase
2, and also reinforced positive outcome expectancies. The fifth session continued to reinforce
self-efficacy and provided support in setting behavioural goals and defining an action plan for
Phase 2 weight loss maintenance. Details of the PREVIEW PREMIT group program can be found
in the recent publication of (Huttunen-Lenz. et al., 2018; Kahlert et al., 2016).

2.5 Phase 2 - Weight Loss Maintenance

2.5.1 Phase 2, weight loss maintenance

In the PREVIEW International study, after the 28% weight loss goal was achieved, participants
entered into the second phase of the study, a 148-wk randomised weight-maintenance
intervention. This was a 2x2 factorial which included both diet and exercise arms. The diet
intervention, intended to promote long-term weight loss maintenance, is shown in Table 18. It

comprised: A higher protein (HP, 25 en%protein), moderate CHO (MC) (45en%CHO), L-GI (Gl
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<50), low fat (<30en%fat) (HP/L-GI) diet vs. lower protein (LP, 15en%protein), higher CHO (HC)
(55en%CHO), M-GI (GI>56), low fat diet (<30en%fat) (LP/M-GI) diet.

Table 18: Dietary Intervention: HP/L-GI vs. LP/M-GI

HP, MC, L-GI LP, HC, M-GlI
CHO 45en%CHO 55en%CHO
Protein 25en%protein 15en%protein
Fat <30en%fat <30en%fat
Gl L-GI M-GI

HP, Higher Protein; LP, Lower Protein; MC, Moderate Carbohydrate; HC, High Carbohydrate, L-GI, Low Glycaemic
Index; M-GI, Moderate Glycaemic Index; CHO, Carbohydrates; en %, percentage of TE

In addition participants were counselled to undertake a fixed exercise program which was either
with high intensity (HI) for short duration of 75min/week with 76-90% of maximal heart rate, or
moderate intensity (MI) exercise with maximal heart rate of 60-75% for longer duration of
150min/week. Table 19 summarises the two exercise intervention conducted in the PREVIEW
trial. Healthy exercise recommendation is based around 150 min per week of moderate intensity
(Hansen et al., 2009; McLean et al., 2009; Pan et al., 1997; Tjonna et al., 2008), a ~3 to 6
metabolic equivalence with maximal heart rate of 60-75%, compared to the experimental group

of shorter duration of 75 min per week of high intensity, >6 MET at 76-90% maximal heart rate.

Table 19: Exercise Intervention: High Intensity vs. Moderate Intensity

HI Ml
MET >6 MET 3-6 MET
Maximal HR 76-90% 60-75%
Exercise per week (min/wk) 75min/week 150min/week

MET, Metabolic Equivalent for Task; HR, heart rate; HI, High Intensity; Ml, Moderate Intensity

Although physical activity/exercise was also a factorial within the international PREVIEW trial, this
was not included in the analysis of PREVIEW:NZ and again the data remains locked until the end

of 2018. Hence the data presented in the chapter thesis is for diet only.

2.5.2 Group counselling/education sessions

Again, group education sessions were based on the PREMIT programme (Section 2.4.3) with set
objectives set for each group visit. The group visit was conducted by myself or the dietitian

research assistant (Fogelholm et al., 2017; Huttunen-Lenz. et al., 2018; Kahlert et al., 2016).

2.5.3 Behavioural Education Based on Health Psychology Theory

Behavioural change education was also emphasised during the group meetings for Phase 2 of
the intervention. The main concept of behavioural change is based on health psychology
theories; social cognition theory, trans-theoretical model and self-determination theory around
motivational interviewing and setting SMART goals (Huttunen-Lenz. et al., 2018; Kahlert et al.,
2016). Specified PREMIT education (Section 2.4.3) was provided by the central PREVIEW
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Stuttgard group based in Germany for the group educators, which focused on setting SMART
goals, fear appeal, mental contrasting and asking open ended questions within the group
(Huttunen-Lenz. et al., 2018; Kahlert et al., 2016).

2.6 Statistical Analysis

Statistical analyses are presented in detail in each individual data Chapter within the thesis.

2.7 PREVIEW:NZ Contribution and PhD Thesis

As lead Dietitian and for this thesis, | investigated the effect of LED and lifestyle intervention
during the first 2 years of PREVIEW:NZ. From July 2013, | have been involved with the
recruitment of the study participants, planned the objectives according to the protocol and
amended this for the New Zealand population, led and conducted the group counselling session
and monitored the progress of participants, whilst gathering data from years 1 and 2 of the study.
| also trained another dietitian research assistant using the PREMIT behavioural education
(Section 2.4.3) for the weight loss maintenance phase over 3 years for the two dietary groups. |
reviewed and created all the dietary handouts and materials used for the New Zealand population,
whilst considering New Zealand foods, measuring metrics and economical food options for

budgeting purposes.

2.7.1 Pre-screening, Screening, Informed Consent

Initially, | was involved in the design of the pre-screening questionnaire and formation of the
“surveymonkey” online questionnaire to allow for easier assessment for eligibility into the study
using questions from the FDRS. Eligible participants were contacted by phone and suitable times
were arranged for screening at the HNU. At screening visits, explanation was provided on the
PREVIEW study, including the 8-week weight loss phase using the LED, the 4-randomized
streams, CID visits, group sessions and tasks required e.g. food diary, 7-day physical activity
record, accelerometer and urine samples required, stool sample was also required for some
participants, after signing off the informed consent form. The physical activity data, urine samples

and faecal samples were not used in the PREVIEW:NZ thesis.

2.7.2 Clinical Investigation Days — Measurement

As part of my thesis, | collected anthropometric data collected at the clinical investigation (CID)
visits by filling in the Clinical Record Forms (CRF). During the clinic visits, the 4-day food diaries
was collected, checked and further questions may be asked if the food diary was incomplete or
needed clarification on the type and/or amount consumed. During the CID visit, medical history,
medication and adverse event was checked and documented. During the CID, BW and
anthropometric measures was collected and documented on the CRF. The clinic nurse collected
the blood samples at the different time points as per protocol. Following the blood sample,
participants had their DXA (GE Healthcare, Waukesha, WI) body composition scan. When the

participant left, all the anthropometric data collected was entered on the online database,
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OpenClinica (version 3.1.4.1, OpenClinica, LLC, USA). The 4-day food diary was entered onto a

local food analysis database, Foodworks (Xyris 8.0 Professional, Australia).

2.7.3 Blood Sample Collection and Plasma Glucose Sample

During the early stages of the study, | was involved in assisting in the collection of blood sample
during screening and CIDs 1, 2 and 3. This included laboratory handling and separation of the
blood samples analysis using the Reflotron Plus desktop analyser, segregated blood sample into
aliquot, labelled for interim storage at the Auckland site. | also participated in preparing and

arranging transportation for the samples to the central laboratory in Helsinki, Finland.

2.7.4 Group Meeting Conduction and Education to Other PREVIEW Educators

The conduct of group counselling/education sessions was a major part of the PREVIEW protocol.
As a dietitian, | have been trained to conduct consultations and group sessions using motivational
interviewing and asking open questions. The PREVIEW consortium had prepared a group
education training schedule involving techniques such as setting SMART goals, use of fear factor
to motivate participants, asking open ended questionnaire and technique and mental contrasting
skills. From these education sessions, each centre had to formulate lesson plans using the
education assigned by the PREVIEW consortium. | led and conducted the group education for 2
years with the PREVIEW:NZ participants, and also trained another dietitian research assistant
using the PREMIT behavioural education (Section 2.4.3) while meeting study objectives
(Huttunen-Lenz. et al., 2018; Kahlert et al., 2016).

2.8 Anthropometric Measures

CID measurement time points for anthropometric outcomes are as described previously and

shown on Table 16. Details of each measurement procedure are presented below.

2.8.1 Weight and height

BW was measured with an empty bladder, in the fasted state with participants dressed in light
clothing and without shoes. BW was measured on a digital scale (SECA, Germany). Two
measurements were taken to the nearest 0.1kg. The average of these two BW measurements
was used for the final reading. Height was measured using a wall-mounted stadiometer (SECA,
Germany) with participants without shoes and standing in a straight position (heels, buttock and
upper back touching the wall mounted stadiometer and measured to the nearest 0.5kg. The

average of these two height measurements was used for the final reading.

2.8.2 WC

Waist was measured twice to the nearest 0.5kg using a non-stretch measuring tape with the
fasted subject standing with an empty bladder. The mean of the 2 measurements was also used.
Waist measurement was taken at the midway between the end of the lower rib and the iliac crest

as per study protocol.
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2.8.3 Body composition

Body composition was measured via dual-energy X-ray absorptiometry (DXA) scan using a GE
Lunar iDXA (GE Healthcare, Waukesha, WI) at Auckland city hospital. DXA measurements take
less than 15 minutes, are non-invasive, have low rates of error with inter-operator variability, and
provide both total body and regional (trunk, arms, legs, pelvis, android, and gynoid) distribution
with automated analysis from a single whole-body scan (Hind et al., 2010). Parameters
calculated included FM, and FFM. Total body precision for FM and FFM were 0.5%, 1.0%, and

0.5% coefficient of variation (CV), respectively.

2.8.4 Blood pressure

Systolic and diastolic blood pressure (SBP, DBP) were measured using a validated automatic
device (Dinamap, V100, Carescape, GE Medical Systems Information Technologies, Wisconsin,
USA) on the right arm while seated in a resting position. The measurement was taken three times
with a minutes rest between, measured to the nearest ImmHg, and the mean of the three values

was used.

2.9 Metabolic Measures

CID measurement time points for metabolic outcomes are shown in Table 16, as described
previously. Details of each measurement procedure are presented below. All laboratory
measurements were conducted at the PREVIEW central laboratory hub in Helsinki, Finland by
the National Institute for Health and Welfare. Samples were frozen at -20°C immediately after
collection in Auckland, and stored at -80°C until air couriered to Finland where they were batch

analysed by the central laboratory hub in Helsinki.

29.1 OGTT

A standardised WHO OGTT was conducted where a baseline fasted venous blood sample was
collected, after which 75g glucose bolus was consumed. Repeat venous blood samples were
collected over the following 2 hours. Participants had an indwelling venous cannula inserted to
aid collection of repeat samples. At the screening visit, a short 2 sample test was conducted, with
collection of fasting (Omin) and 2-hour (120min) samples only. At CID visits a multi sample test
was conducted, with collection of fasting (Omin) and 15, 30, 45, 60, 90 and 120 minute samples.
OGTT was conducted at screening, CID1/Baseline, CID3/6m, CID4/12m and CID6/24m.

2.9.2 Fasting blood samples

The fasting blood sample was also analysed for Insulin, HbAz1c, C-peptide, hs-CRP and lipids -
total cholesterol (TC), high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-
cholesterol (LDL-C), triglyceride (TG) and total cholesterol to HDL-C ratio (TC:HDL ratio).
Glucose measurements were conducted using an enzymatic hexokinase method, Architect
ci8200 from Abbott Laboratories. Fasting blood samples were collected at screening,
CID1/Baseline, CID2/Post LED (8-wk), CID3/6m, CID4/12m, CID5/18m, CID6/24 months.
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2.10 Dietary composition, nutrient intake and Gl assessment

Dietary assessment was conducted using a 4-day reported food diary. The diary was completed
in hard copy, where 3 consecutive week days and 1 weekend day were analysed for total food
intake and nutrient composition. Participants were asked to record everything that they ate and
drank during the diet record days. Accuracy was important so participants were asked to use
measuring cups, spoons and measuring scales to maximise accuracy. Individual weighing scales
were not provided, but participants were encouraged to use their home scales if available. Food
diaries were checked at relevant CIDs and clarification of the food diaries was completed through
discussion with the participant, and corrected, if required. Food diaries were then manually
entered into the Australian/New Zealand food analysis programme, Foodworks (Xyris 8.0

Professional, Australia). Nutrient analysis included TE, en%protein, en%fat, en%CHO and Gl.

2.11 Physical activity assessment

A subjective self-administered Baecke questionnaire (22 questions measuring habitual physical
activity in work, sport and leisure activities) (Baecke et al, 1982) and 7-day accelerometer data
was collected throughout the trial. However access to this data was not available until the end of
2018.

2.12 Adverse events

Adverse events (AEs) and serious adverse events (SAEs) were reported and recorded.
PREVIEW:NZ was monitored by an independent diabetes clinician based at Greenlane Hospital,

Auckland who reviewed all side/adverse effect reports throughout the trial.

2.13 Online data management

All data were both collected in a participant clinical trial file held at the Human Nutrition Unit and
also reported online to the PREVIEW co-ordinating centre in Copenhagen, Denmark using an
electronic case record form (eCRF) using the data capture system OpenClinica (version 3.1.4.1,
OpenClinica, LLC, USA).

2.14 Glycaemic Index

PREVIEW:NZ substudy on Kumara and GIl: The GI protocol using the International Gl
methodology with 10 subjects on the test food, two types of kumara with varying preparation and
standard potato. The control was 50g glucose solution, not white bread due to increased
individual variation and suggested the need to do each control three times, as suggested by
Wolever et al (Wolever et al.,, 1991) University of Auckland Human Ethical Approval was
obtained. To ensure consistency with protocol compliance, SOPs was developed prior to
recruitment of participants. The study investigating Kumara and Gl was conducted as per

international protocol. Data was analysed following each of the kumara and Gl study.
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Chapter 3 PREVIEW:New Zealand — Acute weight loss via an
8-week low energy diet (LED)

Obesity is prevalent worldwide and is linked to adverse metabolic health and increased risk of
chronic conditions, hence, any weight loss in the O/W and obese population is expected to
improve metabolic health (Taylor, 2018; World Health Organisation, 2013; World Health
Organization, 2000; Zimmet. & Baba, 1990). There is strong evidence showing that a BW loss of
5-10% prevents the onset of T2D in those with pre-diabetes, by improving glycaemic control, BP,
lipids and microvascular damage. In the USDPP, a modest weight loss of 5kg in a cohort of O/W
adults provided a clinically significant 58% reduction in the risk of T2D over 3.2 years (Diabetes
Prevention Program Research Group, 2002). The more recent DIRECT study showed remission
of T2D with 10% weight loss (Lean et al., 2017). For those with a BMI >35kg/m? or alternatively
30kg/m? but classified as obese with a serious medical complication (such as T2D), a higher

target BW loss of 15-20% is recommended (Logue et al., 2010; Stegenga et al, 2014).

Weight loss can be achieved slowly or rapidly with some considerable debate as to which is most
efficacious (Affuso et al., 2014; Anderson et al., 2001; Astrup, 2004; Dunkley et al., 2014; Foster
et al., 1992; Franz, 2017; Franz et al., 2007; Madjd et al., 2016; McManus et al., 2001; Moore et
al., 2000; Thom & Lean, 2017). One approach that has been effective for approaching rapid
weight loss is the use of an LED, with energy content between 2.5-6MJ/day (Alibasic et al., 2013;
Anderson et al., 2001; Apfelbaum et al, 1987; Apfelbaum et al., 1999; Atkinson, 1989; Chan,
2017; Christensen et al., 2012; Christensen et al., 2011; Clifton et al., 2014; Franz, 2017;
Haywood et al., 2017; Howard et al., 1978; Larsen et al., 2010; Leslie et al., 2017; Leslie et al.,
2016; McCombie et al., 2017). Leslie et al conducted a systematic review and meta-analysis on
5 weight loss interventions using LED (n=569, mean BMI 35.5-42.6kg/m?), comparing TE intake
>3.3MJ LED with energy intake <3.3MJ/day (VLED) in O/W patients with and without T2D. The
authors found that both diets (LED and VLED) successfully led to the weight loss target of 15-20%
in those who were severely obese (Leslie et al., 2017). In 2010, the European multicentre
DioGENES study, a dietary intervention for weight loss and its maintenance in O/W adults, used
a commercial LED (4MJ/day) to promote a weight loss goal of 28% BW. At the end of the 8-week
LED, 83% of the participants successfully met the weight loss goal (Goyenechea et al., 2011;
Halkjeer et al., 2011; Rudovich et al., 2016).

It has been suggested that rapid weight loss may be unfavourable due to both (i) large loss of
lean/muscle mass, and (ii) equally rapid weight re-gain. In 2007, Franz et al. conducted a
systematic review and meta-analysis of weight loss investigating the different types of weight loss
in 80 clinical trials (n=26,455) with at least 1-year follow-up. The authors concluded that an
intervention using an LED containing <4.0MJ/day was the most effective weight loss method, with
both greatest weight loss at 6 months and substantial weight loss maintenance after 36months
(Franz et al., 2007). Moreover, Christensen et al compared an LED (3.3-5MJ/day) with a VLED
(1.8-2.3MJ/day) in 192 obese and sedentary participants in a randomised controlled trial over

4 months, with a good completion rate of 91%. The authors found that both LED and VLED were
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equally successful in weight loss (-10.7kg (0.5) vs. -11.4kg (0.5), respectively) (Christensen et al.,
2011). However, there was a significantly greater loss of lean tissue (-2.1kg (0.2) vs. -1.2kg (0.4),
P<0.05) and more frequent adverse effects (bad breath (35% vs 22%), intolerance to cold (41%
vs 18%) and flatulence (45% vs 29%)) in the VLED group, when compared to the LED group
(Christensen et al., 2011).

Diabetes prevention studies and weight loss systematic reviews confirm that rapid weight loss
does not cause (i) unfavourable lean muscle mass loss; and (ii) faster weight regain when
compared to traditional weight loss methods. The DioGENES study confirmed the use of rapid
weight loss using a LED and maintaining weight loss at 6 months and 12 months post study
(Fogelholm et al., 2017).

Consequently, LEDs may have prolonged benefits to metabolic health (Franz et al., 2007;
Hamman et al., 2006; Lindstrom et al., 2008; Uusitupa et al., 2003). The LOOK-AHEAD trial
(n=2,290) showed that rapid weight loss using LED in a population with early T2D provided the
strongest predictor for long-term weight loss success (Unick et al., 2015). Anderson conducted
a meta-analysis with 29 studies (n=1,026) comparing an LED of 3.3 MJ/day to a conventional diet
matched for energy intake and also found that the LED achieved more weight loss at 5-years
(Anderson et al., 2001).

The Effects of an LED on Metabolism

A recent systematic review of 17 studies assessing the metabolic effects of a nutritionally
complete VLED and LEDs (ranging from 1.8-3.3MJ/day) showed that a significant mean weight
loss of -13.2kg (BW loss of -4.1 to -24.0kg) caused a significant improvement in glycaemic control.
In this review, HbAic was also reduced by -15mmol/mol (reduction by -1 to -31mmol/mol) after
the weight loss intervention. Notably, in the systematic review, the dropout rate of 4.7 to 33%
was reported and evidence of continued metabolic benefits was seen for 5-years (Sellahewa et
al., 2017). Other groups have reported improved metabolic health following LED-related weight
loss. Riecke et al reported a reduction or withdrawal in antihypertensive and antidiabetic
medication following 4 months of 1.7MJ/day (VLED) and 3.4MJ/day (LED) followed by 5MJ food
based diet in T2D (Riecke et al., 2010). Moreover, In the Newcastle Counterpoint study (UK)
researchers were able to reproduce the metabolic benefits of bariatric surgery by conducting an
LED intervention in a group of O/W, with mean (SD) BMI of 33.6 (1.2) kg/m? in 11 participants
with newly diagnosed T2D (Lim et al., 2011). In this study, beta cell failure and IR were reversed
by rapid weight loss using 2.5MJ/day, over 2 months (Lim et al., 2011). After 1 week on the LED,
fasting mean (SD) plasma glucose normalised from 9.2 (0.4) mmol/l to 5.9 (0.4) mmol/l (P<0.05).
By week 8, mean (SD) hepatic triacylglycerol reduced from 12.9 (2.4) % to 2.9 (0.2) % (P<0.05)
and mean (SD) insulin response continued to improve from week 1, 4 and 8, from 0.19 (0.002),
0.46 (0.07) and 0.62 (0.15) nmol min't m, respectively (Lim et al., 2011). A significant body of
evidence supports the use of LED for successful weight loss and consequent improvements in

anthropometric and metabolic outcomes (Leslie et al., 2017; Leslie et al., 2016; Roberts et al.,
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2017; Sellahewa et al., 2017; Taylor et al., 2017). Advantages with respect to the efficacy of this
type of diet include good adherence and compliance, making it an easy strategy to achieve the

targeted results.

In PREVIEW:NZ, participants underwent an 8-week LED in order to achieve the required
minimum of 8% BW loss and enter the randomised long-term maintenance phase. The LED
regime was selected on the basis of the evidence presented above which showed that a high
proportion of those who commenced the meal replacement LED regime were likely to successfully
achieve the weight loss target. In addition, no evidence was found to support better outcomes
from a VLED versus an LED. Nor was there enough evidence to show that rapid weight loss
achieved through LED would drive rapid weight re-gain and hence compromise maintenance

during the randomised phase of the intervention.

3.1 Aim and Hypotheses

The aim of this thesis chapter was to investigate the effects of the 8-week LED on anthropometric

and metabolic changes within the Auckland cohort of the PREVIEW study

The primary hypothesis was that an 8-week LED would result in 28% BW and improvement in
glucose metabolism in the PREVIEW:NZ cohort.

The secondary hypotheses were that:

0] baseline BW would predict BW (kg) and FM (kg) loss during LED; and that this may differ
between genders (men vs. women) and ethnicity (Caucasian, Maori/Pacific, Other)
(i)  improvements in glucose and other markers of metabolic health during LED may also differ

between genders (men vs. women) and ethnicity (Caucasian, Maori/Pacific, Other)

3.2 Methods

3.2.1 Study participants

Participants were recruited to the PREVIEW-NZ study using the inclusion and exclusion criteria
described in detail on Chapter 2.2.5. Participants were recruited via newspaper adverts, followed
by telephone and online pre-screening questionnaires, with 1,654 candidates completing the
pre-screening assessments, based on the FDRS (Lindstrom et al., 2003; Lindstrom et al., 2008).
584 potentially eligible candidates (35%), who scored =12 points in the FDRS were then screened
in clinic, at the Human Nutrition Unit to assess objective eligibility. The eligibility criteria are
outlined in Chapter 2.2.5. Of those who were screened, 263 (45%) participants were found to be
ineligible due to normoglycaemia, T2D, abnormal ECG or personal reasons. 321 eligible
participants (55%) who met all the inclusion criteria (O/W, pre-diabetes assessed through an
OGTT), were enrolled in the trial, randomised into 1 of 4 diet/exercise groups and invited to attend
CID1/Baseline. A further 16 were then excluded due to personal reasons, pregnancy, screening
duplication or failure to attend the CID1/Baseline visit. The participant flowchart is shown in

Figure 7.
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At CID1/Baseline, a total of 305 participants commenced the study and began the LED weight
loss phase. A total of 38 participants were further excluded or withdrew during the 8-week
intervention prior to CID2/Post LED visit. Reasons included withdrawal due to personal reasons
such as sickness and family deaths, difficulties in following the LED protocol, and failure to comply
and attend the CID2/Post LED. At CID2/Post LED, 267 participants attended the clinic visit, of
which 249 (79%) met = 8% weight loss goal. Three ethnic groups were defined as, Caucasian
European, Maori/Pacific and Other. Caucasians were the largest ethnic group; followed by
Maori/Pacific (Samoan, Tongan, Niuean, Cook Island Maori or Fijian), followed by
Other - classified as any other ethnic group, e.g. Indian, Chinese, Korean. Multi-ethnicities were
classified as stated in the New Zealand Census, based on a whole assignment bridging method
with the higher health risk ethnic group identified as the main ethnicity, in this order of highest
risk - Maori/Pacific, Other and lastly Caucasian (Kukutai & Callister, 2009; Liebler & Halpern-
Manners, 2008). BW and height were used to calculate BMI, using the WHO BMI classification
(O/W 25-29.9kg/m?, obesity class | 30-34.9kg/m?, class Il 35-39.9kg/m?, class Il being 240kg/m?).

3.2.2 Clinical Assessments

Methods for assessing BW, height, calculated BMI, FM, Android fat, FFM, WC and BP were
described in detail in Chapter 2.8.

3.2.3 Blood samples
FPG, 2h-PPG, Area under the glucose curve from time 0 to 120 min (AUCglucoseTo-120m), HbA1c,

Insulin, HOMA-IR, C-Peptide, hs-CRP and lipids were assessed from plasma/serum samples.
These samples were taken at all the CID as specified on Table 17. A detailed description of the

analytical methods can be found in Chapter 2.9.

3.2.4 Low energy diet (LED)

The weight loss phase is an 8-week weight loss phase using a formula LED (3.4MJ/day) intended
to induce weight loss of 28% in order to qualify for the weight loss maintenance phase. The LED
was implemented by using a range of Cambridge Weight Plan (Corby, United Kingdom) products
and provided to the participants with no charge and consisted of soups, shakes and porridges.
All participants were instructed to consume 4 sachets (4x40g) per day. Of these, 3 sachets were
to be dissolved with low fat (<0.5g/100ml fat and <170kJ/100mI TE) milk (3 x 250ml = total 750m|
per day) and 1 sachet made with 250ml water. Participants with a BMI >40kg/m? were
encouraged to dissolve all 4 sachets in milk in order to increase the protein intake. In total, the
LED provided an estimated 3.4MJ/day, 85g protein, 5g of essential fatty acids and the daily
requirement of vitamins and minerals (Full LED instruction preparation: Appendix A). The
macronutrient composition was as follows: 43.7en%protein, 41.2en%CHO and 15.5en%fat. The
fibre content was relatively low at 13.3g/day and participants were encouraged to use extra fibre
i.e. psyllium fibres and to drink adequate amounts of water to remain hydrated. In addition to the

sachets and milk, the participants were permitted to consume 2 cups of 375g low starchy
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vegetables, such as tomato, lettuce and cucumber per day, as described in Chapter 2.4 (Full LED

nutritional composition: Appendix B and C).

3.3 Statistical Analysis

Baseline characteristics at CID1/Baseline are summarised as mean and SD and differences
between gender and ethnic subgroups were analysed. Data was analysed in 2 approaches:
(i) The ITT population defined as participants who completed CID1/Baseline and entered the LED
(n=305), and (i) The Completers population defined as participants who completed
CID2/Post LED (n=267). For the ITT-population (n=305), data analyses were carried out using
imputation for missing data based on the last-value-carried-forward (LVCF) imputation method
for those who baseline visit (CID1/Baseline) but did not attend a visit at week-8 (CID2/Post LED).
For the Completers-population (n=267), analyses were undertaken as complete case analyses
with no imputation for missing data during the LED weight loss phase from CID1/Baseline to
CID2/Post LED (see methods Chapter 2.4). Changes were calculated by subtracting the baseline
(CID1/Baseline) from the 8-week follow-up (CID2/Post LED). The mean change between
CID1/Baseline and CID2/Post LED was calculated using paired t-test and is presented as mean
and SEM. Changes between gender and ethnic subgroups from CID1/Baseline to CID2/Post
LED were analysed with independent sample t-test and one-way ANOVA, respectively.
Tukey's post hoc analysis was used to compare the different ethnic groups. Interaction between
subgroups (gender and ethnicity) and changes over time was achieved with Two-way-ANOVA
and the P value is shown in the graphs. P value for post hoc analysis is described in the footnotes
of each graph. Mean and SEM were used to present efficacy data. Correlation between baseline
BW and outcome variables was also conducted as shown as the Pearson correlation coefficient

(r2, P value).
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Participants

Pre-screening

Excluded: 1070

Participants

Attended screening

Excluded: 263

Participants

Randomised to
commence study

Excluded: 16

Participants

ITT population
Attended CID1/Baseline 0 week

Excluded: 38

Participants

Completers only
Attended CID2/Post LED 8 weeks

Excluded: 18

Participants

met >8% weight loss goal

Figure 7: Flowchart from pre-screening, screening in clinic, CID1/Baseline and completion of CID2/Post LED
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3.4 Results

3.4.1 ITT population (n=305) baseline characteristics (CID1/Baseline)
3.4.1.1 Baseline BW and BMI

The baseline characteristics of the 305 participants who started the LED and defined as the ITT
population are shown in Table 20. The mean (SD) age of the population were 47(11) years. The
age group distribution at CID1/Baseline showed that only 5% of the study participants were aged
20-29 years, 20% were aged 30-39 years, 38% were aged 40-49 years, 21% aged 50-59 years
and 16% in the older group, aged 60-70 years. The mean (SD) BMI at CID1/Baseline was
38.6 (7.5) kg/m2, which is classified as morbidly obese. The majority of the population were of
Caucasian ethnicity (n=163, 53%), followed by 37% Maori/Pacific (n=112) and 10% Other (n=30).
At CID1/Baseline, Maori/Pacific had the highest mean (SD) BW and BMI of 120.5 (26.9) kg and
42.5 (8.5) kg/m?respectively. Caucasian were the second ethnic group with the highest BW and
BMI of 103.3 (19.7) kg and 36.8 (5.9) kg, respectively. The last ethnic group, Other (as specified
in Chapter 2.2.2 and 3.2.1) had the lowest BW and BMI of 95.7 (15.2) kg and 34.8 (4.5) kg/m2.

Differences between BW and BMI across ethnicities were significant (P<0.001 for both variables).

3.4.1.2 Post LED BW and BMI

The CID1/Baseline mean (SD) BW decreased significantly from 108.9 (24.0) kg to 98.2 (22.6) kg
(-10.7 (0.3) kg or -9.9 (0.2) %, P<0.001), during the 8-week LED. Change in BW varied
considerably between individuals, ranging from -0.5 to -24.7kg (Figure 8). In the first 2 weeks,
the mean (SEM) weight loss was -3.7 (0.1) kg, followed by -6.1 (0.2) kg at week 4, -8.1 (0.2) kg
at week 6 and total weight loss at week-8 was -10.7 (0.3) kg (Chapter 2.8.1). Males lost more
weight by week-8 (-12.8 (0.6) kg), when compared to females (-10.0 (0.3) kg P<0.001). No
significant differences were seen when comparing the changes in BMI between male
(-4.1 (0.2) kg/m?), and female (-3.7 (0.1) kg/m?). BW changes were different across ethnic
groups. Caucasians lost the most weight (-11.0 (0.3) kg or -10.7 (0.2) %), compared to
Maori/Pacific  (-10.5(0.5) kg or -8.7(0.4)%, P<0.001) and Other (-9.6(0.8)kg
or -9.9 (0.7) %, P<0.001). These differences were statistically significant, when comparing
percentage of weight loss (%), but not when comparing changes in absolute weight loss (kg). No

significant differences between ethnicities were seen for changes in BMI.
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Table 20: CID1/Baseline Characteristics ITT (n=305) — Anthropometric and Metabolic outcomes

ITT population, n=305 Mean + SD
Age (years) 47.0+11.0
Female 232 (76%)
FDRS 15.0+3.0
BW (kg) 108.9 + 24.6
Height (m) 1.7+0.1
BMI (kg/m?) 38.7+7.4
WC (cm) 111.8 +16.0
FM (kg) 49.4 +15.1
FM (%) 46.8 £6.7
Android fat (kg) 49+17
FFM (kg) 57.7+12.2
FFM (%) 54.1+6.9
SBP (mmHg) 121.9+16.7
DBP (mmHg) 67.1+95
FPG (mmol/l) 5.8+ 0.6

30 min glucose (mmol/l) 89+16

60 min glucose (mmol/l) 9.4+23

90 min glucose (mmol/l) 8.6+22
2h-PPG (mmol/l) 7.4+18
AUCGlucoseTo-120m 1007.3 £193.2
HbA1c (mmol/mol) 36.6 +3.5
Insulin (mU/I) 13.8+8.4
HOMA-IR 3.6+£23
C-Peptide (pmol/l) 873.2 +335.3
hs-CRP (mg/l) 55+59

TC (mmol/l) 53+1.1
HDL-C (mmol/l) 1.3+0.3
LDL-C (mmol/l) 3.3+09
Triglyceride (mmol/l) 15+08
TC:HDL ratio 42+10

MeanzSD. FDRS, Finnish Diabetes Risk Score; BW, Body weight; BMI, Body Mass Index; WC, waist circumference;
FM, Fat Mass; FFM, Fat Free Mass; FPG, Fasting Plasma Glucose; 2h-PPG, 2-hour Postprandial Plasma Glucose;
AUCgiucoseto-120m, Area under the glucose curve time 0-120 min; HbA;., Glycated Haemoglobin; Insulin, Fasting serum
insulin; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; C-Peptide, serum connecting peptide; hs-
CRP, high sensitivity C-reactive protein; TC, Total cholesterol; HDL-C, High density lipoprotein cholesterol; LDL-C, low
density lipoprotein cholesterol; TG, triglycerides; TC:HDL ratio, Total cholesterol:high density lipoprotein ratio
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Figure 8: Changes in BW: a) in kg and b) in % - between CID1/Baseline (week 0) and CID2/Post LED (week 8) for individual participants (n=305)
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3.4.2 Comparison of BW and BMI between ITT population and Completers only

Of the 305 individuals who started the study at CID1/Baseline (ITT population), only 267 (88%)
individuals completed CID2/Post LED (Completers only population). Following the ITT population
data analysis, this group was then compared to the Completers only population (Table 21). There
was no difference between ITT population and Completers only in terms of baseline BW (Figure
9). However, changes in mean (SEM) BW following LED were different between the groups, as
expected, with ITT population losing -10.7 (0.3) kg and Completers only losing -11.5 (0.3) kg,
(P<0.05) (Table 21).

Table 21: CID1/Baseline ITT (n=305) vs. Completers only (n=267)

ITT population, n=305

CID1/Baseline CID2/Post LED Change (kg) Change (%)
BW (kg) 108.9+1.4 98.2+1.3** -10.7+0.3* -9.940.2%**
BMI(kg/m?) 38.7+0.4 34.91+0.4** -3.840.1

Completers only, n=267

CID1/Baseline CID2/Post LED Change (kg) Change (%)
BW (kg) 107.5%1.4 95.9+1.3*** -11.5+0.3*** -10.7+0.3***
BMiI(kg/m?) 38.3x0.4 34.4+0.4** -3.9+0.1

ITT population, n=305 vs Completers only, n=267

ITT population Completers only P value
Change (kg) Change (kg)
BW (kg) -10.7+0.3* -11.5+0.3%** P<0.05
BMI(kg/m2) -3.8+0.1 -3.9+0.1 ns

Mean+SEM, BW, Body weight; BMI, Body Mass Index, ***P<0.001; ** P<0.01; *P<0.05
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Figure 9: Baseline BW a) ITT population (n=305) and Completers only (n=267), ns; b) Change in BW
during 8-week LED, P<0.05. Mean (SEM)

The remainder of this chapter presents outcomes from the Completers only population, as those
who did not complete the 8-week LED or who did not attend CID2/Post LED were excluded from
the PREVIEW:NZ study.

3.4.3 Completers only population (n=267) baseline characteristics (CID1/Baseline)

3.4.3.1 Baseline BW and BMI

The baseline characteristics of 267 participants who were defined as the Completers only population
(Table 22). The mean (SD) BW was 107.5 (23.6) kg, with a mean (SD) BMI of 38.3 (7.3) kg/m?,
which is classified as morbidly obese. Males (n=65, 24%) were significantly heavier 120.0 (28.9) kg
but had a lower BMI of 37.9 (8.7) kg/m? when compared to females (n=202, 76%, 103.4 (20.0) kg
(P<0.001) and BMI of 38.4 (6.8) kg/m?2 (P<0.001), respectively (Figure 10). As for the ITT group, the

majority of the population was ethnically Caucasian (n=154, 58%), followed by 33% Maori/Pacific
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(n=83) and 9% Other (n=24). There was a significant effect of ethnicity on baseline BW (P<0.001).
Maori/Pacific were the heaviest with a BW and BMI of 119.1 (27.9) kg and 42.0 (8.6) kg/m?,
respectively, followed by Caucasian (102.5 (19.1) kg and 36.7 (5.9) kg/m?2) and Other (96.4 (13.7) kg
and 35.0 (4.3) kg/m?) (Figure 10). Post hoc analysis showed that Maori/Pacific were significantly
heavier than Caucasians (P<0.001) and then Other (P<0.05) in both absolute BW and BMI. When
comparing to gender differences between ethnic groups, all groups were proportional. There were
76% female (n=202) and 24% male (n=65) in total. There were 59% Caucasian female (n=120),
34% Maori/Pacific female (n=68) and 7% Other female (n=14). For males, 52% Caucasian (n=34),
32% Maori/Pacific (n=21) and 7% Others (n=14).

1304 P<0.001,
—I— Unpaired t-test
1204 1301 RS — *kx
A
P<0.001,
- 120 One way ANOVA
> 110
™
; I ;’ 1104
100 - e
@ 2
e 1004 T
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Figure 10: Baseline BW. Comparison between: a) Gender and b) Ethnicity, Mean(SEM,; Statistically
significant results following Tukey’s post hoc analysis are marked with *** P<0.01 and **P<0.05
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N BW BMI FM FFM wcC FPG 2h-PPG  AUCgiucoseTo-120m HbA1c
(%) (kg) (kg/m?) (kg and %) (kg and %) (cm) (mmol/1) (mmol/l)  (mmol/l *min) (mmol/mol)
All 267 (100) 107.5+23.6 38.317.3 49.4+15.1kg 57.7£12.2kg 111.8+16.0 5.840.6 7.3+1.8 996.2+197.4 36.4+3.4
46.8+6.7% 54.1+6.9%
Gender
Male 65 (24) 1'120.0£28.9  "37.9+8.7 47.6+19.5kg 171.5+11.6kg 1119.3+18.8 ns5.9+0.6 ns7.5+2.0 "°1036+174.9 ns36.3+3.4
139.846.7% 160.9+6.9%
Female 202(76) 103.4+20.0 38.416.8 49.9+13.4kg 53.2+8.5kg 109.4+14.3 5.840.6 7.3+1.8 983.2+202.8 36.6+3.3
49.0+5.0% 52.04£5.4%
Ethnicity
Caucasian 154(58) 22102.5+19.1  2336.7#5.9 247.5+13.5kg 2a54,1+9.4kg 2a109.4+13.6 ns5.9+0.6 ns7.5+1.9 "1011+206.4 ns36.0+3.1
2¢47.3+6.8% 2c53.4+6.9%
Maori/Pacific 89(33) °119.1+27.9 b42.0+8.6 54.9+17.2kg 464.3+13.8kg d117.5+19.4 5.840.5 7.0+1.7 976.8+192.8 36.9+3.5
46.8+6.3% 54.4+6.8%
Other 24(9) 96.4+13.7 35.0+4.3  40.448.3kg 55.8+11.6kg 106.1+9.5 6.0+0.8 7.4+1.7 972.9+146.5 36.5+4.5
43.3+7.0% 57.5+7.1%

MeanSD; BMI, Body mass index; FM, Fat Mass; FFM, Fat Free Mass; WC, waist circumference; FPG, Fasting plasma glucose; 2h-PPG, 2 hr postprandial glucose; AUCaglucoseto-120m, Area under the glucose curve time
0 to 120min; HbAsc, Glycated haemoglobin; ‘gender differences using unpaired t-test (P<0.001); 2ethnic differences using one way ANOVA (P<0.001), compared to Maori/Pacific (P<0.001); "compared to Other
(P<0.001); °compared to Other (P<0.01), “compared to Other (P<0.05); ns, not significant

N (%) Insulin HOMA-IR C-Peptide hs-CRP HDL-C LDL-C TG TC:HDL
(muU/) (mU/L) (pmol/l) (mg/l) (mmol/l) (mmol/1) (mmol/1) (mmol/l) ratio
All 267 (100) 12.9+7.3 3.4+2.0 844.6£311.1 5.5+6.2 5.3+1.0 1.3+0.3 3.4+0.9 1.5+0.9 4.2+1.0
Gender
Male 65 (24) ns12.7+7.2 ns3.6+2.2 3922.14355.0 "6.1+8.3 ns5.2+1.1 11.2+0.2 12.6+0.8 n$1.6+0.7 24.5+1.2
Female 202 (76) 13.7£7.9 3.4+1.8 819.7£292.2 54454 5.4+1.0 1.3+0.3 3.4+0.9 1.5+0.8 4.1+0.9
Ethnicity
Caucasian 154 (58) 5ad11.045.9 4b2.9+1.7 0791.0+279.0 "$5.3+6.3 435.6+1.0 5b1.4+0.3 5b3.5+0.9 n1.5+0.6 n54.2+1.0
Maori/Pacific 89 (33) 15.6+8.7 €4.1+2.5 927.5+£332.8 6.1+6.5 5.0+1.0 1.2+0.3 3.1+0.8 1.4+0.9 4.2+1.0
Other 24 (9) 15.2+6.5 4.0+1.8 880.9+361.0 4.7+4.4 5.1+1.0 1.2+0.3 3.2+0.9 1.7£1.0 4.3%¥1.2

Mean+SD; Insulin, Fasting serum insulin; C-Peptide, serum connecting peptide; HOMA-IR, Homeostatic model assessment for insulin resistance; hs-CRP, high sensitivity C-Reactive Protein; TC, Total cholesterol;
HDL-C, High density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglycerides; TC:HDL ratio, Total cholesterol: High density lipoprotein cholesterol ratio; ‘gender differences using unpaired t-
test (P<0.001); 2gender differences using unpaired t-test (P<0.01); 3gender differences using unpaired t-test (P<0.05); “ethnic differences using one way ANOVA (P<0.001); Sethnic differences using one way ANOVA
(P<0.01); acompared to Maori/Pacific (P<0.001); "compared to Maori/Pacific (P<0.001), ‘compared to Other (P<0.01); “compared to Other (P<0.05); ns, not significant
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3.4.3.2 Body composition

There were clear and consistent differences between men and women and also between
ethnicities at baseline. The 267 participants who completed the LED had a baseline FM of
49.4 (15.1) kg or 46.8 (6.7) %. Whilst females tended to have greater FM (kg) (Figure 11), this
only became significant when normalised as % FM (49.0 (5.0) % vs. 39.8 (6.7) %, P<0.001
(Figure 12). Maori/Pacific had the highest absolute FM of 54.9 (17.2) kg, compared to both
Caucasians 47.5 (13.5) kg (P<0.001) and to Other 40.4 (8.3) kg (P<0.001) (Figure 11). However,
when normalised Caucasians tended to have the highest % FM, followed by Maori/Pacific (ns)
and by Other (P<0.05) (Figure 12).

In all participants, baseline mean (SD) FFM was 57.7 (12.2) kg or 54.1 (6.9) %. Males had
greater FFM of 71.5 (11.6) kg or 60.9 (6.9) %, when compared to females (53.2 (8.5) kg or
52.0 (5.4) %, (P<0.001) (Figure 13). Maori/Pacific had the highest absolute FFM of
64.3 (13.8) kg, significantly greater than Caucasians 54.1 (9.4) kg (P<0.001) and Other
(55.8 (11.6) kg (P<0.05) (Figure 13). Interestingly, when normalising FFM, Other had the highest
FFM percentage of 57.5 (7.1) % statistically different from Caucasians 53.4 (6.9) % (P<0.05)
(Figure 14).

3.4.3.3 WC

WC was used as a marker of central adiposity, hence it is not surprising that it followed a similar
pattern to absolute FM (kg). At baseline, participants had a mean (SD) WC of 111.8 (16.0) cm.
Male had a significantly greater WC of 119.3 (18.8) cm, when compared to female
(109.4 (14.3) cm, P<0.001). Maori/Pacific had the highest WC 117.5 (19.4) cm when compared
to both Caucasians (109.4 (13.6) cm, P<0.001) and Other (106.1 (9.5) cm, P<0.05) (Figure 15).

3.4.3.4 Food diary record

Food records calculated as an average of the 4-day food diary were collected at CID1/Baseline.
Outcome parameters were: Total energy (TE), percentage energy from protein (en%protein),
percentage energy from fat (en%fat), percentage energy from carbohydrates (en%CHO) and GI.
The CID1/Baseline dietary composition was summarised on Table 23. The mean en%protein of
18.6% was used to define the 2 diet groups — LP vs. HP — analysed in Chapter 4 of this thesis.

Table 23: CID1/Baseline Diet Records (all, n=267)
TE (kJ/d) en%protein en%fat en%CHO Gl (units)
10361(3974) 18.6(3.7) 37.4(6.5) 40.8(6.1) 55.5(4.5)

Mean (SD), TE, total energy; en%protein, total energy percentage protein; en%fat, total energy percentage fat;
en%CHO, total energy percentage carbohydrates; Gl, Glycaemic Index
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3.4.3.5 Glycaemia

According to the PREVIEW protocol, all the participants at screening (American Diabetes
Association, 2017; American Diabetes Association, 2018; WHO & IDF, 2006) were identified as
pre-diabetic using the ADA cut off values for plasma glucose, based on either impaired IFG, IGT
or both. However, 70 of the 267 participants (26%) had reverted to normoglycaemic at the time
they attended CID1/Baseline visit, which is unexpected but possible, considering that there was
a 2 to 12-week period between screening and baseline (Table 24). At CID2/Post LED, 164
participants or 61% of all participants reverted to normoglycaemia. From the 197 individuals who
were still pre-diabetic at CID1/Baseline, only 58 (29%) were defined as having pre-diabetes using
the HbA1c cut-off 240mmol/mol (Table 25).

Table 24: Normoglycaemic (Completers only, n=267)

Screening CID1/Baseline CID2/Post LED
Participant (n, %) 0 0% 70 26% 164 61%

CID, Clinical Investigation Day; LED, Low Energy Diet

Table 25: Proportion of participants (n=267) characterised with different types of dysglycaemia at
CID1/Baseline-; IFG, IGT and HbA1c

Completers only, n=267 n (%) HbA1c (normal / pre diabetes 240mmol/mol)
Neither / Normoglycaemia 70 (26%) Normal: 68 (97%)
(FPG<5.6mmol/l, 2h-PPG<7.8mmoll/l) Pre-diabetes: 2 (3%)
IFG (=5.6mmol/l) 166 (62%) Normal: 83 (82%)
Pre-diabetes: 18 (18%)
IGT (=7.8mmol/l) 88 (35%) Normal: 1 (6%)
Pre-diabetes: 17 (94%)
both 71 (27%) Normal: 55 (71%)

Pre-diabetes: 23 (29%)

n (%); IFG, impaired fasting plasma glucose; IGT, impaired glucose tolerance; FPG, Fasting plasma glucose; 2h-PPG;,
2h Postprandial plasma glucose; HbA,., Glycated Haemoglobin

In all participants FPG which was within the pre-diabetic range at baseline (5.84 (0.6) mmol/l) had
improved significantly with the weight loss. With a change of -0.31 (0.03) mmol/l (P<0.001), mean
FPG decreased to 5.5mmol/l, which was under the cut-off of normoglycaemia at CID2/Post LED
(Table 24). No gender specific or ethnic specific differences were seen for decrease in FPG after
the weight loss period, with improvement in glycaemic control observed in both men and women,
Caucasian, Maori/Pacific and Other, as shown on Figure 16. A number of factors were associated
with the improvement in FPG from CID1/Baseline to CID2/Post LED. A greater decrease absolute
in BW (kg) (r? = 0.1493, P<0.05) and percentage BW (r2 = 0.06906, P<0.001), reduction of
absolute FM (r2 = 0.2118, P<0.001) and a greater percentage decrease in FM (r2 = 0.05147,
P<0.001).

Both genders had a similarly high baseline FPG of 5.9 (0.6) mmol/l and 5.8 (0.6) mmol/l,

respectively with no significant gender differences between them. Moreover, there were also no

significant difference between ethnicities, with all 3 groups sitting within the ADA pre-diabetic

range of 5.9 (0.6) mmol/l, 5.8 (0.5) mmol/l. and 6.0(0.8) mmol/l for Caucasians, Maori/Pacific and
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Other, respectively (Figure 16). The 2h-PPG (Figure 17) following the OGTT (Figure 18) was,
however, below the ADA cut-off for pre-diabetes was (7.3 (1.8) mmol/l), with only 7% of the cohort
having IGT. No differences were seen for gender and ethnicities in terms of glucose tolerance,
assessed by the AUCalucoseto-120m, although there was a trend for men to have worse glucose
response (P=0.059) (Figure 19). In all participants, baseline mean (SD) HbAic was
36.4 (3.4) mmol/mol with no significant gender or ethnic differences (Figure 20). This was an

unexpectedly low HbA1c but in line with the full cohort of n=305.
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At CID1/Baseline, there were no significant correlations between change in BW and FPG for all
participants, or between gender and ethnicity (ns) (Figure 21). However, there was trend between
baseline BW and 2h-PPG in female may show an increase in 2h-PPG with an increasing baseline
BW (r? = 0.0199, P=0.0531). There was also no significance between FPG and percentage FM
(ns) (Figure 22).
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Figure 21: Correlation between FPG and 2h-PPG and baseline BW a) Gender b) Ethnicity.
a) All participants r?>=0.000774, P=0.6509; Male, r>=0.0001, P=0.8785; Female, r’=0.0018, P=0.5521; Caucasian,
r?’=0.0007, P=0.9210; Maori/Pacific, r?=0.01355, P=0.2744; Other, r>=0.0006, P=0.9061
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P=0.3430; b) P<0.001
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3.4.3.6 Fasting Serum Insulin

In all participants, baseline mean (SD) Insulin was 12.9 (7.3) mU/L. No gender differences were
found. Caucasians had mean (SD) Insulin of 11.0 (5.9) mU/L, which was significantly lower than
Maori/Pacific (15.6 (8.7) mU/L, P<0.001) and Other (15.2 (6.5) mU/L P<0.05). Post hoc analysis
showed Maori/Pacific and Other to be significantly higher than Caucasian (P<0.05), indicating

worse IR (Figure 23).

3.4.3.7 Homeostatic Model Assessment — IR

In all participants, baseline mean (SD) HOMA-IR was 3.4 (2.0) mU/L, which can be classified as
moderate IR (HOMA-IR score 3-5). No gender difference was found. Maori/Pacific had the
highest HOMA-IR of 4.1 (2.5) mU/L, which was similar to Other (4.0 (1.8) mU/L), P<0.001. Both
groups were significantly more IR than Caucasians (HOMA-IR of 2.9 (1.7) mU/L, P<0.001 vs.
Maori/Pacific and P<0.05 vs Other) (Figure 24).

3.4.3.8 Fasting serum C-Peptide

In all participants, baseline mean (SD) C-Peptide was 844.6 (311.1) pmol/L, with men having a
higher concentration of C-Peptide (922.1 (355.0) pmol/L) than female (819.7 (292.2) pmol/L,
(P<0.05). Maori/Pacific had the highest C-Peptide of 927.5 (332.8) pmol/L, which was similar to
Other 880.9 (361.0) pmol/L but higher than Caucasians 791.0 (279.0) pmol/L (P<0.01) (Figure
25).

3.4.3.9 High-sensitivity C-Reactive Protein
In all participants, baseline mean (SD) hs-CRP was 5.5(6.2)mg/l, with no differences between

gender nor ethnicities. Notably, the results were highly variable among participants (Figure 26).

3.4.3.10 Lipid profile

In all participants, baseline mean (SD) TC was 5.3 (1.0) mmol/l. Women had higher HDL-C
1.35 (0.29) mmol/l (P<0.001) and LDL-C 3.4 (0.9) mmol/l (P<0.001) when compared to men.
Men had a significantly higher TC:HDL ratio 4.5 (1.2) (P<0.01). Caucasian had a significantly
higher TC 5.6 (1.0) mmol/l (P<0.001), HDL-C 1.36 (0.29) mmol/l (P<0.01) and LDL-C
3.5 (0.9) mmol/l (P<0.01) than Maori/Pacific (P<0.01). (Figure 27).
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Figure 24: Baseline HOMA-IR. Comparison between a) Gender and b) Ethnicity, Mean (SEM)
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Figure 25: Baseline C-Peptide. Comparison between a) Gender and b) Ethnicity. Mean (SEM)
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Figure 26: Baseline hs-CRP. Comparison between a) Gender and b) Ethnicity. Mean (SEM)

82



Chapter 3: PREVIEW:NZ: Weight Loss LED

6.0
5.8 P=0.1084 * %k P<0.001
|
Unpaired t-test —_ One way ANOVA
—~ 5.6 -
=7 = 5.5
° -1 o
e 5.4 £
£ E
0 527 | O 5.0 I
[ -
5.0
4.8 T T 4.5 T T T
Male Female Caucasian Maori/Pacific Other
2.0 1.6+
P<0.001 P<0.01
_ Unpaired t-test . P One way ANOVA
4 = 1.49 —
S 1.54 °
c € —_ |
£ E 1.2
o °
- 1.0 0 104
[a) T -
T
0.8 T T T
0.5 ' ' Caucasian Maori/Pacific Other
Male Female
4.0 P<0.001 4.0 P<0.01
Unpaired t-test . One way ANOVA
235‘ — Q 3.5 L
B S T
£ £ I
E 3.0 E 3.0
Q — ©
- —
[a} . o E
- 2.5 o 2.5
2.0 T T 2.0 T T T
Male Female Caucasian Maori/Pacific Other
2.5
2.5 P=0.2963
. One way ANOVA
—~ P=0.5628 = 2.0
= 2.0 Unpaired t-test °
©° €
£ £
c N
~ I O] I
1.5 —I—
'L_’J 1.5 h— — -
1.0 T T 1.0 T T T
Male Female Caucasian Maori/Pacific Other
5.0
6 P=0.8550
One Way ANOVA
P<0.01 o 4.5
° Unpaired t-test i
2 5 g - T
o - 4.0
- I [a]
o I
T =
= o
44
(@] -
et = 3.5
3 T T 3.0 T T T
Male Female Caucasian Maori/Pacific Other

Figure 27: Lipid profile showing gender and ethnicity differences at CID1/Baseline, Mean (SEM)
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3.4.4 Completers only population (n=267) 8-week post LED (CID2/Post LED)
3.4.41 BW and BMI

For the Completers only population, BW loss varied between individuals during the 8-week LED phase.
All participants lost weight, ranging from -0.5kg to -26.4kg equivalent to -0.5 to -20% BW loss (Figure
28). From the 267 participants who attended CID2/Post LED, 249 individuals met the >8% weight loss
goal. In the first 2 weeks, mean (SEM) weight loss was -3.3 (0.1) %. At week 4, mean(SEM) weight
loss was -5.6(0.1)%, at week 6 mean(SEM) weight loss was -7.4 (0.2) % and at the 2-month CID2/Post
LED clinic visit, mean(SEM) BW loss was -11.5 (0.3) kg or -10.7 (0.2) % (P<0.001). There was a
significant positive correlation between CID1/Baseline BW and BW loss during LED (P<0.001), where
participants who had highest baseline BW lost the greatest absolute BW over 2 months, as expected
on a fixed intake LED (Table 26). However no significance was found in the percentage change in BW
(ns) (Figure 29). There was a high rate of success in the Completers only (n=267) cohort; which 249
achieving the weight loss goal of 28% BW and continuing into the weight maintenance phase. Of 65
males, 4 (6%) did not achieve the >8% weight loss goal, a success rate of 89%, compared to 202
females, where 14 (5%) did not achieve the >8% weight loss goal, a success rate of 93%. As expected,
males lost more BW than females with mean (SEM) weight loss of -13.9 (0.6) kg (-11.8 (0.4) %)
vs. -10.7 (0.3) kg (-10.4 (0.2) %) at CID2/Post LED (P<0.001) (Figure 30). Again, CID1/Baseline BW
correlated significantly with BW loss (kg) (P<0.001) but not percentage BW change in both male and
female (ns) (Figure 29).
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Figure 28: BW at CID1/Baseline and CID2/Post LED in all participants, n=267 (mean, SEM)
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Figure 29: Correlation between baseline BW and weight loss during the 8-week LED in all participants
(n=267) - gender differences. *** indicates P<0.001; ns, no significance p=0.05

a) All participants r?>=0.03481, P<0.001; Male, r>=0.2645, P<0.001; Female, r>=0.3129, P<0.001
b) All participants r>=0.000264, P=0.7915; Male, r?>=0.03953, P=0.1123; Female, r>=0.0004355, P=0.7682
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Table 26: BW between CID1/Baseline and CID2/Post LED: Gender and Ethnicity Differences
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n =267 n (%) CID1/Baseline P value CID2/Post LED Change in P value Change in P value
BW (kg) BW (kg) BW (kg) BW (kg) BW (%)
MeanSEM MeanSEM MeanSEM MeanzSEM
(range) (range) (range) (range)
All 267(100) 107.5+1.4 95.9+1.3 -11.5+0.3 P<0.001 -10.7+0.2 P<0.001
(65.2 to 226.0) (59.0 to 201.5) (-0.5t0 -26.4) (-20.0to 3.4)
Male 65 (24) 1120.0+3.6 1P<0.001 1106.1+3.3 -13.9+0.6 1P<0.001 1.11.8+0.4 1P<0.001
(75.9 to 232) (68.2 to 201.5) (-26.4 to -5.3) (-24.7 t0 -5.3)
Female 202 (76) 103.4+1.4 92.7+1.3 -10.7+0.3 -10.4+0.2
(65.2 to 167.3) (59.0 to 158.3) (-24.5t0 -0.5) (-16.7 t0 0.0)
Caucasian 154 (58) 22102.5£1.5 2pP<0.001 2291.0+1.4 -11.5+0.3 ’ns 22.11.3+0.2 2p<0.01
(65.2 to 162.9) (59.0 to 149.8) (-22.5t0-4.7) (-22.51t0 -4.7)
Maori/Pacific 89 (33) 119.1+2.9 107.3+2.7 -11.8+0.5 -9.9+0.4
(66.4 to 226.0) (61.5t0 201.5) (-26.4+-0.5) (-26.4+-0.5)
Other 24 (9) 96.4+2.8 (13.7) 85.9+2.5 -10.5+0.8 -10.8+0.7
(71.3 t0 128.1) (63.7 to 113.5) (-20.8 to -3.8) (-20.8 to -3.8)

n (%); MeanSEM; BW, body weight; *gender differences using unpaired t-test, 2ethnicity differences using one way ANOVA, 2compared to Maori/Pacific, P<0.001; "compared to Other,

P<0.001
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In all participants, there was a significant correlati
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on in baseline BW and absolute change in mean

(SD) BW (kg) Caucasian and Maori/Pacific lost more BW than Other (Figure 31), Change in BW

was -11.5(0.3) kg, -11.8 (0.5) kg and -10.5(0.8) kg respectively (Figure 32).

significance was lost when comparing percenta
CID2/Post LED, mean (SD) BMI was 34.2 (6.

However,
ge BW change (Figure 33). In all participants,
7) kg/m2.  BMI decreased by -4.1 (1.3) kg/m?

(P<0.001). There were no gender or ethnicity differences (ns) (Figure 34).
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Figure 31: BW at CID1/Baseline and CID2/Post LED for a) gender; b) ethnicity, n=267; Two-way
ANOVA (P<0.001; **, P<0.01), Mean (SEM); a) Gender; P<0.001; b) Ethnicity, Interaction P=0.9811

(ns), Groups P<0.001, CID(time): P<0.001
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Table 27 shows the changes in BMI between CID1/Baseline and CID2/Post LED with gender and
ethnic differences. Table 28 showed changes to anthropometric measures between
CID1/Baseline to CID2/Post LED. In response to the LED-induced weight loss, all anthropometric

parameters significantly improved in response to the 28% LED-induced weight loss (P<0.05).

Table 27: Gender and Ethnicity Differences in BMI between CID1/Baseline and CID2/Post LED

n =267 N (%) CiD1/Baselin P value CIiD2/ P value Change P value
BMI(kg/m?) e Post LED in

All 267(100)  38.3+7.3 34.4+6.7 P<0.001 -4.1+#1.3 P<0.001
Male 65 (24) 137.948.3 1P<0.001 133.648.2 P<0.001 -4.4+1.3 1Ins
Female 202 (78) 38.316.8 2P<0.001 34.4+6.2 P<0.001  -4.0+1.2

Caucasian 154 (58) 2336.845.9 2332.645.3 P<0.001 -4.1#1.2 2P<0.001
Maori/Pacific 89 (33) b42.0+8.6 b37.8+7.8 P<0.001 -4.2+1.6

Other 24 (9) 34.8+4.3 31.1+4.2 P<0.001 -3.9+1.2

Mean+SEM; BMI, Body mass index; *gender differences using unpaired t-test, 2ethnic differences using one way
ANOVA, 2compared to Maori/Pacific, P<0.001; Pcompared to Other, P<0.001

Table 28: Anthropometric measures during LED, between CID1/Baseline and CID2/Post LED, in
Completers only (n=267)

n =267 CID1/Baseline CID2/Post LED Change in P value

SBP(mmHg) 121.9+1.0 114.8+0.9 -7.0+£0.8 P<0.001
DBP(mmHQ) 67.1+0.6 66.0£0.5 -1.1+0.5 P<0.05

WC(cm) 111.8+1.0 101.1+0.9 -10.7+£0.4 P<0.001
FM (kg) 49.4+0.9 41.6x0.9 -7.8+0.2 P<0.001
FM (%) 46.8+0.4 43.7+0.5 -3.0+0.1 P<0.001
FFM (kg) 57.7+0.7 54.8+0.7 -2.9+0.1 P<0.001
FFM (%) 54.1+0.4 51.1+0.4 -2.620.1 P<0.001

Mean+SEM; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; WC, waist circumference; FM, Fat Mass;
FFM, Fat Free Mass

3.4.42 WC

In all participants, mean (SEM) WC change was -10.7 (0.4) cm (P<0.001). Mean (SEM) change
in males was -12.0 (0.7) cm (P<0.001), which was significantly higher than females -10.3 (0.5) cm
(P<0.001). Caucasian having a significantly higher change in mean (SEM) WC of -11.4 (0.5) cm,
followed by Other -10.2(1.3)cm and Maori/Pacific -9.6(0.9)cm (P<0.001) (Table 29).

Table 29: Gender and Ethnicity Differences in WC between CID1/Baseline and CID2/Post LED

n=267 CID1/Baseline CID2/Post LED Change P value
(kg) MeantSEM MeantSEM MeantSEM

All 111.8+1.0 101.1+0.9 -10.7£0.4 P<0.001
Male 1119.3+2.3 1107.3+2.2 -12.0+0.7 1P<0.001
Female 109.4+1.0 99.2+0.9 -10.3+£0.5

Caucasian 22109.4+1.1 2298.1+1.0 -11.4+0.5 2pP<0.001
Maori/Pacific b17.5+2.1 b107.9+1.8 -9.6x0.9

Other 106.1+1.9 95.9+2.0 -10.2+1.3

Mean+SEM; WC, waist circumference; *gender differences using unpaired t-test, P<0.001, 2ethnicity differences using
one way ANOVA, P<0.001; 3P<0.001 compared to Maori/Pacific, "P<0.01 compared to Other
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3.4.4.3 Fat mass (FM), Android fat and Fat free mass (FFM)

In all participants at CID2/Post LED, mean (SD) Fat mass (FM) was 41.6 (14.5) kg and
43.7 (7.6) % (P<0.001) (Table 30). All participants significantly lost a mean (SEM) FM
of -8.3 (0.2) kg (P<0.001) and -9.1 (0.1) %, (P<0.001). Male lost more absolute FM than female
(male -8.9 (0.5) kg vs. female -8.0 (0.2) kg (P<0.05) (Figure 35) but no gender differences in
percentage of FM. There is an interaction showing that males lost more FM over the 8-week LED
weight loss phase while female had less baseline FM and lose less FM over time. Reflective to
the loss in absolute FM, there was also a significantly greater loss in mean (SEM) android fat
between male (-1.33 (0.07) kg) and female (-0.95 (0.03) kg), (P<0.001). The LED phase was
stronger in improving FM and android fat in male over 8 weeks than in female. The inverse
correlation between baseline BW and absolute FM (in Figure 36) was also significant in
Caucasian and Maori. The mean (SEM) change in FM for Caucasian was -8.1 (0.2) kg,
Maori/Pacific -8.7 (0.3) kg and Other -7.7 (0.6) kg, with all 3 groups decreasing FM during the 8-
week LED, however no difference found between the three groups (ns). There were also no
differences in FM percentage change between ethnicities (Figure 37). For android fat, all
participants lost a mean (SEM) of -1.05 (0.03) kg, P<0.001. Male lost more android fat than
female (male -1.33 (0.07) kg vs female -0.95 (0.03) kg. P<0.001), possibly due to higher absolute

body weight in males. Percentage android fat was not analysed.

In all participants, mean (SEM) FFM was 54.8(0.7)kg at CID2/Post LED (P<0.001). Mean (SD)
FFM significantly decreased over the 8-week LED by -2.9 (0.1) kg, with an increase in percentage
FFM (3.5 (0.2) %) (P<0.001). Male had the highest mean (SEM) FFM at CID2/Post LED
(68.0 (1.4) kg) when compared to female (50.6 (0.6) kg) (Figure 38). There was also a greater
change in absolute FFM in male (-3.6 (0.3) kg) than female (-2.6 (0.1) kg), P<0.001 (Figure 39).

At CID2/Post LED, Maori/Pacific had the highest FFM (61.1 (13.4) kg) than Caucasian
(51.4 (0.7) kg, and Other (53.0 (0.4) kg. Maori/Pacific lost more absolute FFM (-3.6 (0.26) kg)
when compared to both Caucasian (-2.9 (0.1) kg) and Other (-3.2 (0.4) kg, P<0.05, post hoc
(Figure 40).
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Table 30: FM and FFM between CID1/Baseline and CID2/Post LED: Gender and Ethnic Differences

n =267 CID1/Baseline CID2/Post LED P value Change in P value
FM (kg)

All 49.1+0.9 40.8+0.9 P<0.001 -8.3£0.2 P<0.001
Male ns47.0+2.3 1ns(0.0756)38 . 1+2.2 P<0.001 -8.9+0.5 1p<0.05
Female 49.7+1.0 41.7+0.9 P<0.001 -8.0£0.2

Caucasian 2047 7+1.1 2v39.6+1.0 P<0.001 -8.1+0.2 ’ns
Maori/Pacific 454.5+1.9 445.7+1.7 P<0.001 -8.7+0.3

Other 39.5+1.6 31.7£1.7 P<0.001 -7.7£0.6

FM (%)

All 46.7+0.4 37.6x0.4 P<0.001 -9.1+0.1 P<0.001
Male 1"39.8+0.8 1"31.0+0.4 P<0.001 -8.8x0.4 Ins
Female 49.0+0.4 39.810.4 P<0.001 -9.2+0.1

Caucasian 2¢47.3+0.6 2d38.0+0.6 P<0.001 -9.3+0.2 ’ns
Maori/Pacific 2d46.7+0.7 2d38.0+0.7 P<0.001 -8.7+0.2

Other 42.5+1.4 33.0£1.6 P<0.001 -9.5+£0.5

Android fat(kg)

All 4.9+0.1 3.8+0.1 P<0.001 -1.05+0.03 P<0.001
Male 1"™5.4+0.3 ns4.0+0.3 P<0.001 -1.33+£0.07 1p<0.001
Female 4.7+0.1 3.810.1 P<0.001 -0.95+0.03

Caucasian 204 7+0.1 23.7+0.1 P<0.001 -1.01+0.04 ’ns
Maori/Pacific 25 5+0.2 2e4.4+0.2 P<0.001 -1.13+0.06

Other 3.9+0.2 3.0+0.2 P<0.001 -0.96+0.11

FFM (kg)

All 57.7+0.7 54.8+0.7 P<0.001 -2.9+0.1 P<0.001
Male 1"70.9+1.4 1"68.0+1.4 P<0.001 -3.6+0.3 1p<0.001
Female 52.94+0.6 50.6+£0.6 P<0.001 -2.6£0.1

Caucasian 2a54.2+0.8 2251 .4+0.7 P<0.001 -2.9+0.1 2cpP<0.05
Maori/Pacific 2d63.7+1.5 261.1+1.4 P<0.001 -3.6+0.3

Other 56.6+2.7 53.0£0.4 P<0.001 -3.2£0.4

FFM (%)

All 54.0£0.4 57.5£0.5 P<0.001 3.5+0.2 P<0.001
Male 1""60.9+0.9 1"64.6+1.1 P<0.001 3.8+0.6 Ins
Female 51.8+0.4 55.2+0.4 P<0.001 3.4+0.1

Caucasian 2d53 4+0.6 2657.1+0.6 P<0.001 3.7+0.2 ’ns
Maori/Pacific 2654.2+0.7 2¢57.3+0.8 P<0.001 3.1+0.3

Other 58.3£1.5 61.8+1.9 P<0.01 3.6x1.0

Mean+SEM; FM, Fat Mass; FFM, Fat Free Mass; *gender differences using unpaired t-test, Unpaired t-test **P<0.001;
**P<0.01; *P<0.05; 2ethnicity differences using one way ANOVA, compared to Maori/Pacific, (P<0.001); ®ethnic
differences using one way ANOVA, Tukeys post hoc 2P<0.001; °P<0.01 compared to Maori/Pacific; Tukeys post hoc
°P<0.001; 9P<0.01; ®P<0.05, compared to Other, ns, non-significant
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Figure 35: FM and gender differences between CID1/Baseline and CID2/Post LED, Two-way ANOVA
(Mean, SEM)
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Figure 36: Correlation between change in FM and baseline BW showing gender and ethnicity
differences

a) All participants r?=0.2118, P<0.001; Male, r>=0.08115, P<0.05; Female, r>=0.2899, P<0.001; Caucasian, r>=0.192,
P<0.001; Maori/Pacific, r’=0.2374, P<0.001; Other, r>=0.1452, P=0.0883
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Figure 37: FM and Ethnic differences between CID1/Baseline and CID2/Post LED
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Figure 38: FFM and gender differences between CID1/Baseline and CID2/Post LED, mean (SEM);
***P<0.001; **P<0.01
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Figure 39: Change in FFM and gender differences between CID1/Baseline and CID2/Post LED, mean
(SEM)
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Figure 40: FFM and Ethnic Differences between CID1/Baseline and CID2/Post LED, mean (SEM);
***P<(0.001; **P<0.01; a) Interaction, P=0.5996; CID(time), P<0.001; Groups, P=0.0023; b) FFM (kg)
P=0.0185; c) FFM (%), P=0.2544
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3.4.4.4 Metabolic parameters
All metabolic parameters significantly improved in response to the 28% LED-induced weight loss
(P<0.05) (Table 31).

Table 31: Changes in metabolic markers of disease risk between CID1/Baseline and CID2/Post LED

n =267 CID1/Baseline CID2/Post LED Change in P value

FPG(mmol/l) 5.8+0.6 5.5+0.5 -0.3+0.5 P<0.001
HbAic(mmol/mol) 36.7+£3.4 34.5+2.9 -1.9+2.2 P<0.001
Insulin(muU/l) 12.9+7.3 8.3t5.1 -4.7+6.2 P<0.001
HOMA-IR (mU/L) 3.4+¥2.0 2.1+1.4 -1.3+x1.8 P<0.001
C-Peptide(pmol/l) 844.6+311.1 657.1+261.2 -187.5+£238.2 P<0.001
hs-CRP (mg/l) 5.5+6.0 45454 -1.06.2 P<0.05

TC(mmol/l) 5.3£1.0 4.5+0.9 -0.9+0.8 P<0.001
HDL-C(mmaol/l) 1.3+0.3 1.240.2 -0.2+0.2 P<0.001
LDL-C(mmol/l) 3.4+0.9 2.8+0.8 -0.6+0.6 P<0.001
TG(mmolll) 1.5+0.8 1.1+0.4 -0.4+0.6 P<0.001
TC:HDL ratio 4.2+1.0 3.9+0.8 -0.3+0.7 P<0.001

MeanzSD; FPG, fasting plasma glucose; HbA,., Glycated Haemoglobin; Insulin, fasting serum insulin; HOMA-IR,
Homeostatic Model Assessment for Insulin Resistance; C-Peptide, serum connecting peptide; hs-CRP, high sensitivity
C-reactive protein; TC, Total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein
cholesterol, TG, Triglycerides; TC:HDL ratio, Total cholesterol: High density cholesterol ratio; p-values assessed by
paired t-test.

3.4.45 Glycaemia

FPG, which was within the pre-diabetic range at baseline (5.84(0.60)mmol/l) has considerably
improved with the weight loss. With a change of -0.31(0.03)mmol/l (P<0.001), mean FPG
dropped to a cut-off of normoglycaemia at CID2/Post LED (Table 32) , with 164 or 61%
participants reversing a diagnosis of IFG. No gender-specific or ethnic-specific differences were
seen for change in FPG after the weight loss period (Table 32). In line with the results on FPG,
HbA1c has also improved significantly at CID2/Post LED, dropping from 36.7 (3.37) mmol/mol to
34.45(2.9)mmol/mol; (-1.92(0.12)mmol/mol, P<0.001). As for FPG, no gender or ethnic

differences were found for change in HbA1c (Figure 42).

A number of factors were shown to be associated with the improvements in FPG from
CID1/Baseline to CID2/Post LED. A greater change in a BW (kg) (r? = 0.1493, P<0.05) and
percentage change in BW (%) (r> = 0.0691, P<0.001), greater percentage change in FM
(r2=0.0515, P<0.001), older age (r?2 = 0.0387, P<0.01) and a higher FDRS score at screen
(r2 = 0.0308, P<0.01) (Figure 39). Other markers of metabolic health, specifically, fasting insulin,
IR assessed through HOMA-IR, beta cell function assessed through C-Peptide and inflammation
assessed through hs-CRP, significantly improved in all participants following weight loss. Mean
(SD) fasting insulin decreased 4.7(0.4) mU/I (P<0.001), accompanied by a decrease in HOMA-
IR of 1.3(0.1) units (P<0.001) for all participants (Table 31) and for gender and ethnic subgroups
(Table 32). While no gender-specific differences were seen for fasting insulin or HOMA-IR, the

latest was clearly different between ethnic subgroups with Maori/Pacific and Other having a
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greater mean (SEM)change of -1.6(0.2) units and -1.5(0.3) units, respectively, when compared
to -1.1(0.1) units for Caucasians (P<0.001) (Table 32). In all participants, mean (SEM) change
in C-Peptide was -187.5(14.2)pmol/l (P<0.001). Male had a significantly greater change in
C-Peptide compared to female, -243.9(34.9)pmol/l vs. -169.3(14.9)pmol/l, respectively (P<0.001).
In terms of ethnic sub-groups, Maori/Pacific had a significantly greater change in
C-Peptide -217.7(25.2)pmol/l, compared to Caucasians (-171.4(18.8)pmol/l) and Other
(-178.6(39.3)pmol/l), P<0.001.

3.4.4.6 Blood pressure

SBP was also greatly improved with weight loss, with an improvement of -7.0(0.8)mmHg in all
individuals (P<0.001), with greater improvements in male (-9.7(1.6)mmHg) when compared to
female (-6.2(0.9)mmHg, P<0.001; and no differences between ethnic sub-groups. DBP also
improved -1.1(0.5)mmHg, (P<0.05) in all individuals.

3.4.4.7 Lipid profile

In all participants, mean(SD) TC was 4.5(1.0)mmol/l at CID2/Post LED. Change mean(SEM) in
TC was -0.9(0.04)mmol/l (P<0.001). Female had a greater mean (SEM) reduction in HDL-C
(-0.16(0.02)mmol/l, P<0.05) than male. However, male had a greater mean (SEM) reduction in
TC:HDL ratio (-0.5(0.1), P<0.01) than female. Caucasian had a greater reduction in TC
(-1.0(0.06)mmol/l, P<0.01) than Maori/Pacific (Table 33).

Change in FPG (mmol/l)

50 100 150 200 250

Baseline BW (kg)
a)

Figure 41: Correlation between baseline BW and Change in FPG, gender and ethnic differences

a) All participants r?>=0.01715, P=0.0389; Male, r>=0.0605, P=0.0560; Female, r>=0.01183, P=0.0717; Caucasian,
r?=0.01786, P=0.1018; Maori/Pacific, r’=0.01027, P=0.3805; Other, r>=0.0715, P=0.2413
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Figure 42: Correlation between change in FPG and a) change in absolute BW; and b) percentage BW
and c) percentage FM; d) age and e) FDRS between CID1/Baseline and CID2/Post LED

a) r’=0.1493, P=0.0146; b) r’=0.0691, P<0.001; c) r’=0.05147, P<0.001; d) r>=0.03868, P=0.0012; €) r’>=0.03075,
P=0.0040
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Table 32: Glycaemia between CID1/Baseline and CID2/Post LED, Mean (SEM)

n =267 CID1/Baseline CID2/Post LED P value Change in P value
FPG - All 5.84+0.03 5.53+0.03 P<0.001 -0.31+0.03 P<0.001
Male ns5.92+0.07 ns5 57+0.06 P<0.001 -0.34+0.07 Ins
Female 5.81+0.04 5.51+0.04 P<0.001 -0.31+0.04
Caucasian 2ns5 86+0.05 2ns5 53+0.04 P<0.001 -0.33+0.05 ’ns
Maori/Pacific 5.77+0.06 5.49+0.04 P<0.001 -0.28+0.05
Other 5.95+0.16 5.61+0.12 P<0.01 -0.34+0.11
HbA1c - All 36.4+0.2 34.5+0.2 P<0.001 -1.9+0.1 P<0.001
Male 1ns36.6+0.4 ns34.5+0.4 P<0.001 -2.0£0.3 Ins
Female 36.3+0.2 34.5+0.2 P<0.001 -1.740.1
Caucasian 2ns36.0+0.2 2ns34,3+0.2 P<0.001 -1.7+0.2 ’ns
Maori/Pacific 36.9+0.4 34.9+0.3 P<0.001 -2.0+0.2
Other 36.5+0.9 34.8+0.8 P<0.001 -1.840.4
Insulin - All 12.9+0.4 8.31+0.3 P<0.001 -4.740.4 P<0.001
Male ns13.7+1.0 nsg 7+0.7 P<0.001 -5.0£1.0 Ins
Female 12.7£0.5 8.1+0.3 P<0.001 -4.5+0.4
Caucasian 2a11.0+0.5 2a7,0+0.3 P<0.001 -4.0+0.4  22°P<0.001
Maori/Pacific 15.6+0.9 10.0+0.7 P<0.001 -5.7+0.8
Other 15.2+1.3 10.2+1.2 P<0.001 -5.0£1.2
HOMA-IR - All 3.4+0.1 2.1+0.1 P<0.001 -1.320.1 P<0.001
Male ns3 2+0.2 12.2+0.2 P<0.001 -1.5+0.3 1P<0.001
Female 3.3x0.1 2.0+£0.1 P<0.001 -1.320.1
Caucasian 232,.9+0.1 2v1,7+0.1 P<0.001 -1.1+#0.1  22°P<0.001
Maori/Pacific 4.1+0.3 2.5+0.2 P<0.001 -1.6+0.2
Other 4.0£0.4 2.6+£0.4 P<0.001 -1.5+0.3
C-Peptide - All 844.6£19.0 657.1+£16.8 P<0.001 -187.5+14.2 P<0.001
Male 17922.1+44.0 ns678.2+37.3 P<0.001  -243.9+34.9 1P<0.05
Female 819.7420.6 650.3+18.8 P<0.001  -169.3+14.9
Caucasian 22791.0+22.5 2ns619.6+20.0 P<0.001 -171.4+18.8 26p<0.01
Maori/Pacific 927.5+£35.3 709.8+31.1 P<0.001 -217.7+25.2
Other 880.9+73.7 702.3+£68.9 P<0.001 -178.6+39.3
hs-CRP - All 5.51£0.4 4.5+0.3 P<0.01 -1.0+£0.4 P<0.01
Male nsg.1+1.0 1'5.8+1.0 ns -0.2+1.1 Ins
Female 5.4+0.4 4.1+0.3 P<0.001 -1.2+0.3
Caucasian 2ns5 3+0.5 2ns4,3+0.4 ns -1.0+0.5 ’ns
Maori/Pacific 6.1+0.7 5.2+0.7 ns -0.91+0.7
Other 4.740.9 3.4+0.7 P<0.05 -1.3+0.5

Mean+SEM,; FPG, fasting plasma glucose; HbA;., Glycated Haemoglobin; C-Peptide, serum connecting peptide;
HOMA-IR, Homeostasis Model Assessment for insulin resistance; hs-CRP, high sensitivity C-reactive protein; ‘gender
differences using unpaired t-test, Unpaired t-test ***P<0.001; **P<0.01; *P<0.05; 2ethnicity differences using one way
ANOVA, compared to Maori/Pacific, (P<0.001); "ethnic differences using one way ANOVA, Tukeys post hoc 2P<0.001;
bP<0.01 compared to Maori/Pacific; Tukeys post hoc °P<0.001; compared to Other, ns, non-significant
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Table 33: Lipid profile between CID1/Baseline and CID2/Post LED, Mean (SEM)

n =267 CIiD1/Baseline  CID2/Post LED P value Change in P value
TC - All 5.33+0.06 4.45+0.06 P<0.001 -0.88+0.05 P<0.001
Male 1™5,15+0.13 1"4,22+0.11 P<0.001 -0.93+0.09 Ins
Female 5.39+0.07 4.52+0.07 P<0.001 -0.87+0.05
Caucasian 2a5 57+0.08 2b4,58+0.08 P<0.001 -1.0+0.06  ?°P<0.01
Maori/Pacific 4.98+0.10 4.27+0.10 P<0.001 -0.70+0.08
Other 5.10+0.20 4.30+£0.19 P<0.001 -0.80+0.18
LDL-C - All 3.38+£0.05 2.78+0.05 P<0.001 -0.60+0.04 P<0.001
Male 1™3.27+0.12 ns2 63+0.81 P<0.001 -0.64+0.08 Ins
Female 3.41+0.06 2.83+0.06 P<0.001 -0.59+0.04
Caucasian 2bp3.54+0.07 2c2,86+0.07 P<0.001 -0.67+0.05 ’ns
Maori/Pacific 3.15+0.09 2.67+0.08 P<0.001 -0.48+0.06
Other 3.23+0.18 2.64+0.16 P<0.001 -0.59+0.15
HDL-C - All 1.31+0.02 1.16+0.01 P<0.001 -0.15+0.01 P<0.001
Male 171.18+0.03 171.09+0.02 P<0.001 -0.09+0.02 1p<0.05
Female 1.35+0.02 1.1940.02 P<0.001 -0.16+0.02
Caucasian 2b1,36+0.02 2b1,20 +0.02 P<0.001 -0.17+0.02 2ns
Maori/Pacific 1.24+0.03 1.11+0.02 P<0.001 -0.13+0.03
Other 1.24+0.05 1.15+0.04 P<0.05 -0.09+0.04
TG - All 1.48+0.05 1.13+0.03 P<0.001 -0.35+0.04 P<0.001
Male ins1.57+0.09 ns1.12+0.05 P<0.001 -0.45+0.08 Ins
Female 1.46+0.05 1.14+0.03 P<0.001 -0.32+0.05
Caucasian 2ns1,50+0.05 2ns1,15+0.03 P<0.001 -0.34+0.04 2ns
Maori/Pacific 1.41+0.09 1.11+0.04 P<0.001 -0.30+0.08
Other 1.68+0.20 1.10+0.10 P<0.01 -0.58+0.16
TC:HDL- All 4.22+0.06 3.91+0.05 P<0.001 -0.31+0.04 P<0.001
Male 1%4.5+0.1 ns4,0+0.1 P<0.001 -0.5+0.1 1p<0.01
Female 4.12+0.06 3.88+0.06 P<0.001 -0.24+0.04
Caucasian 2ns4,23+0.08 2ns3,90+0.07 P<0.001 -0.32+0.05 ’ns
Maori/Pacific 4.17+0.10 3.94+0.09 P<0.01 -0.23+0.07
Other 4.29+0.24 3.8+0.19 P<0.01 -0.49+0.15

Mean+SEM,; TC; Total cholesterol; LDL-C, Low density lipoprotein cholesterol; HDL-C, High density lipoprotein
cholesterol; TG, Triglycerides; TC:HDL, Total Cholesterol: High density lipoprotein ratio; *gender differences using
unpaired t-test, Unpaired t-test ***P<0.001; **P<0.01; *P<0.05; 2ethnicity differences using one way ANOVA, compared
to Maori/Pacific, (P<0.001); "ethnic differences using one way ANOVA, Tukeys post hoc 3P<0.001; ’P<0.01 and °P<0.05
compared to Maori/Pacific; Tukeys post hoc 9P<0.001; ®P<0.01 and ‘P<0.05 compared to Other, ns, non-significant
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3.5 Discussion

In the PREVIEW:NZ study, an 8-week LED aiming for at least, 8% BW loss was highly successful,
causing a total weight loss of 11.5kg or 10.7% (completers, n=267) and caused a significant
improvement in all anthropometric and metabolic parameters assessed. Men had a higher
baseline BW and lost more absolute BW, absolute FM, android fat and absolute FFM. Moreover,
male had a greater improvement in HOMA-IR, C-Peptide and TC:HDL ratio. Surprisingly, females
lost more HDL-C than male. As per previous literature, this may be due to reduced physical
activity during the 8-week LED weight loss phase (Rolland & Broom, 2011). Baseline BW was
not a good predictor of weight loss across ethnic groups as Maori/Pacific had the highest baseline
BW but lost the least percentage BW (-9.9%) when compared to Caucasian (-11.3%) and Other
(-10.8%)

It was hypothesised that an 8-week LED would result in 28% BW loss and improvements in
glucose metabolism in the PREVIEW:NZ cohort. The results here presented confirmed the
hypothesis; 267 participants completed the LED with significant weight loss and a parallel
improvement in metabolic markers of T2D risk - FPG, insulin, HbAic, C-peptide and WC.
Metabolic improvements following an LED have been previously described (Leslie et al., 2017,
Leslie et al., 2016; Roberts et al., 2017; Sellahewa et al., 2017; Taylor et al., 2017). Metabolic
pathways within the metabolic syndrome have shown clear links between IR and
hyperinsulinaemia to other risk factors, such as high BP and dyslipidaemia (Grundy et al., 2005).
All the cardiovascular factors — BP, TC, LDL-C, TG, TC:HDL ratio - also improved following 8-
week LED, with findings comparable to other LED studies (Anderson et al., 2001; Dombrowski.
et al., 2014, Foster et al., 1992; Gougeon, 1992; Jackness et al., 2013; Johansson et al, 2013;
Lean et al., 2013; Lean et al., 2017; Leslie et al., 2017; Leslie et al., 2016; McCombie et al., 2017,
Ohno et al., 1989; Steven et al., 2016; Unick et al., 2015). Jackness et al emphasised that the
effects of LED induced weight loss mimics the effects of gastric roux-en-Y bariatric bypass surgery
(Hjelmesaeth. et al., 2018; Jackness et al., 2013).

In the PREVIEW:NZ cohort, baseline BW and change in BW predicted the changes in FPG, where
the heaviest participant and those who lost the most BW also had the greatest improvements in
FPG. Previous studies using similar nutritionally complete meal replacement diets have shown
improvement in anthropometric and metabolic parameters, especially linked to IR (Dombrowski.
et al., 2014; Gasteyger et al., 2009; Gogebakan et al., 2011; Handjieva-Darlenska et al., 2010;
Haywood et al., 2017; Hjelmesaeth. et al., 2018; Jackness et al., 2013; Jebb et al., 2017; Joris et
al., 2017; Lean et al., 2017; Leslie et al., 2017; Leslie et al., 2016; McCombie et al., 2017,
Rudovich et al., 2016; Taylor et al., 2017; Zhyzhneuskaya et al., 2017). One study confirmed that
weight loss improved HOMA-IR, which is calculated using fasting serum insulin and FPG (Geiker.
et al., 2018; Hadaegh et al., 2013). New Zealand had the heaviest cohort within the 8 countries
undertaking the PREVIEW trial. This is not surprising when considering the worldwide obesity
statistics. Among all the OECD countries, New Zealand is the 3" most obese one, just behind US
and Mexico (15t and 2™, respectively) (OECD, 2017). Indeed, the mean baseline BW of the 267
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participants who completed the LED in New Zealand was within the range of obesity class I
(obesity class | 230kg/m?, class |l 235kg/m?2 and class Ill: 240kg/m?) (Blackstone, 2016; OECD,
2017; World Health Organisation, 2013). Interestingly, this high risk - obese and pre-diabetes -
group was younger than expected, suggesting that T2D risk can no longer be attributed to the

older.

It was originally hypothesised that baseline BW would predict absolute BW (kg) and FM (kg) loss
during LED; and that this may differ between genders (men vs. women) and ethnicity (Caucasian,
Maori/Pacific, Other). This was the case between gender differences where male had a higher
baseline BW than female and therefore lost more absolute BW. Gasteyger et al confirmed a
greater visceral fat loss induced by LED in men is due to the greater adipose stored fat men
accumulate when compared to women (Gasteyger et al., 2009). However, this was not observed
when comparing ethnicities. Maori/Pacific were significantly heavier than both Caucasian and

Other. Interestingly, Maori/Pacific did not lose more absolute BW than Caucasian and Other.

Fat distribution and body composition varies between ethnicities with Maori/Pacific reported to
have more muscle and reduced central adiposity when compared to greater central adiposity
accumulation in Asian population, classified in this study as Other (Duncan et al., 2004; Liao et
al., 2002; Rush et al., 2004; Rush et al., 2009; Swinburne et al., 1999; Wulan et al., 2010).
Adipose tissue distributed centrally has been identified as the main cause of IR. Some studies
reported that weight loss is more beneficial for men due to men metabolising more intra-
abdominal fat than women, whereas women lose more subcutaneous fat (Hadaegh et al., 2013;
Williams et al., 2015; Wirth & Steinmetz, 1998). Zhzhneuskaya et al claims that liver fat content
is the greatest abnormality in the development of T2D (Zhyzhneuskaya et al., 2017). Due to
changes in abdominal visceral fat being linked to intra-abdominal or WC, IDF recommended using
WC as a simplified way to monitor and target ectopic fat (centrally distributed fat) with ethnic-

specific values for male and female (International Diabetes Federation, 2013).

It was hypothesised that baseline BW would predict change in FM and FFM during LED between
gender and ethnicity. Men lost most absolute FM (P<0.05) with a trend of a greater reduction in
%FM (P=0.0542). Men also lost a greater amount of absolute FFM with the weight loss.
However, once converted to percentage FFM, both men and women had a positive %FFM gain
and there was no difference between gender subgroups. Ethnic differences were not found when
comparing FM between ethnic groups. However, when comparing to change in absolute FFM,
surprisingly Caucasian lost the least FFM. Other lost the greatest absolute FFM, followed by
Maori/Pacific (P=0.0185). All ethnic subgroups had a positive %FFM gain and there was no
difference between them; significance was also lost when looking at percentage FFM. It was
reassuring to see that all participants improved their %FFM profile following LED ensuring
maintenance of FFM, while losing a greater proportion of FM. Other interventions using low
energy diets have shown that as well as improvements to metabolic parameters, there was also
an improvement in overall nutritional status and protein intake, showing an improvement in
percentage of FFM with a loss in FM (Geiker. et al., 2018; Hjelmesaeth. et al., 2018). FFM mass
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preservation is important for maintaining resting metabolic rate and insulin sensitivity (Stiegler &
Cunliffe, 2006).

It was also originally hypothesised that improvements in glucose and other markers of metabolic
health during LED may also differ between genders (male vs. female) and ethnicity (Caucasian,
Maori/Pacific, Other). However, contrary to what was hypothesised, there were no greater
improvements in FPG in men than women, despite the greater weight loss. Similarly, no greater

improvements in FPG were seen in Maori/Pacific when compared to Caucasians or Other (ns).

There is a strong positive association between overall obesity, especially centrally distributed
adiposity. IR and the risk of T2D (Chan, 2017; Hamman et al., 2006). The findings from this thesis
suggest that BW reduction may have led to improvements in FPG through reduction in BW and
FM, including central adiposity. HbAic can also be used a diagnostic tool for T2D and
pre-diabetes. According to the WHO, IDF and ADA diagnosis guidelines, the HbA1c cut-off for
pre-diabetes is 40mmol/l where 48mmol/l is the cut-off for T2D (American Diabetes Association,
2017; American Diabetes Association, 2018; Whiting et al, 2011; WHO & IDF, 2006; Zimmet. &
Alberti, 2016). The New Zealand Study for the Society of Diabetes group has, however, shifted
the T2D cut-off to 50mmol/mol (Braatvedt et al., 2012; New Zealand Guidelines Group, 2011).
The rationale for this was that an HbA1c of 50mmol/mol would be interpreted as 6.8% in the old
metrics (compared to 6.6% if using an HbAic of 48mmol/mol). Despite not being used for
screening during the PREVIEW study, HbAic was assessed in this study and found to be
significantly lower than the expected result in a pre-diabetic population. In fact, only 29% (n=58)
would have been classified as diagnosed with pre-diabetes and enrolled in the study if, HbA1c

was used as the screening criteria, with a cut-off of 240-49mmol/mol.

All the other metabolic markers of T2D improved. These improvements appear to be associated
to the large BW loss, overall fat loss and reduced adipose tissue and hence WC. Interestingly,
participants were classified as being pre-diabetic at baseline essentially based on IFG, with GT
within the cut-off of normoglycaemia. IFG suggests that participants have increased liver IR,
potentially due to the notorious excessive central adiposity. At CID1/Baseline, 74% had IFG
(62%), IGT (35%) or both (27%). During the 8-week LED phase, 61% reversed the baseline IFG
diagnosis. Improvement in glycaemia was predicted as all the metabolic markers of T2D
improved following the BW reduction, reduced fat mass and adipose tissue, as assessed by WC.
The greater benefits were seen in men, which was consistent with previous data where was
shown that men mobilised more intra-abdominal fat than women during weight loss, hence
showing more pronounced improvements in the metabolic risk profile (Handjieva-Darlenska et
al., 2010; Williams et al., 2015; Wirth & Steinmetz, 1998). At baseline, mean (SD) HOMA-IR was
3.6(2.3) units, confirming IR as defined using the cut-off of 2.5, with moderate IR between 3 to 5
units (Gutch et al., 2015). There were no gender differences. In terms of ethnicity, Maori/Pacific
had the highest level of IR, assessed through HOMA-IR, followed by Other and then Caucasian.
In parallel with IR, fasting insulin was higher in Maori/Pacific when compared to other ethnic

groups. During pre-diabetes, IR causes raised fasting plasma insulin leading to hyperglycaemia
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and hyperinsulinemia (Ferrannini, 2014; Garber, 2012; Khavandi et al., 2013). C-Peptide, a
marker of insulin secretion was also raised, which is expected in pre-diabetic individuals with
hyperinsulinemia and hyperglycaemia. Increased hs-CRP confirmed the presence of
inflammation, which is characteristic of obesity and IR (Bullo et al., 2013; Geiker. et al., 2018;
Wisse, 2004).

The finding of well-controlled BP was surprising, considering that all the other results were
indicative of metabolic syndrome in the study population. It is possible that, by excluding
individuals with high BP during screening, the study population would have been biased in terms
of the baseline blood pressure. Cholesterol is also a feature of metabolic dysfunction, used as
part of the criteria for clinical diagnosis of metabolic syndrome. Raised triglycerides and LDL-C
and reduced HDL-C indicate atherogenic dyslipidaemia (Grundy et al., 2005; Lemieux et al.,
2001). Inthe study here reported, at baseline, TG, LDL-C and the TC:HDL ratio was higher than
the clinical cut-offs used to define cardiovascular risk (Grundy et al., 2005). As for all the
metabolic markers of disease, the lipid parameters improved during the 8-week LED phase. What
was surprising was how HDL-C decreased during the LED phase. HDL-C at CID1/Baseline was
higher than recommended but had a significant decrease, however still above the preferred cut-off
of 1.0mmol/l, post LED (Chapman et al., 2004; Grundy et al., 2005). A meta-analysis of the
Framingham Study, Lipid Research Clinics Prevalence Mortality Follow-up Study, Coronary
Primary Prevention Trial and Multiple Risk Factor Intervention Trial (MRFIT) confirmed these
findings and consistently showed that for every 0.06mmol/l decrease in plasma levels of HDL-C
there was a 2%-3% increase in the risk of Coronary Heart Disease (Gordon et al., 1989). It is
possible that this reduction may have been a result of the advice provided to participants to reduce
their physical activity level when on the LED weight loss phase. Rolland et al reported a reduction
of HDL-C following VLED in a review article summarising a trend for a decrease in HDL in 4 out
of the 5 studies (VLED intervention ranged from 4-14 weeks) (Clement et al., 2004; Haugaard et
al, 2007; Hong et al, 2005; Lin et al., 2009; Rolland & Broom, 2011).

One of the strengths of the weight loss phase was the rate of participants completing the 8-week
period. In the international PREVIEW study, Huttunen-Lenz et al reported a dropout of 9.2% in
2,224 individuals who attended the baseline visit, with 2,020 participants being analysed at the
end of the LED phase. Of these 2,020, 92% or 1,857 achieved 28% BW loss target - ‘achievers’
(Huttunen-Lenz. et al., 2018). The sub-study here reported - the PREVIEW:NZ had 82% success
rate, 249 completers achieved the weight loss goal, when compared to 305 who started the study
and this was in line with the international attendance rates, showing a high success rate of
achieving the 28% BW loss goal. Unick et al analysed 2,290 Look AHEAD participants and
reported that the more weight loss during the first 8 weeks the higher the success of weight loss

maintenance at 8 years (Unick et al., 2015).

Another strength of this thesis is the fact that this study is part of a randomised controlled multi-
centred study trial with strict protocols and access to commercial standardised LED weight loss

programme for the weight loss phase. Animportant part of the PREVIEW protocol is the provision
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of the 2-weekly group support session led by a Dietitian and an Exercise Physiologist, based on
the PREMIT education (Section 2.4.3) (Huttunen-Lenz. et al., 2018; Kahlert et al., 2016)
programme (as described in Chapter 2.4). The first group (week 0) session provided information
on the LED, instructions on following the LED and supplied the LED for the next 2 weeks. Week
2, 4 and 6 aimed to promote the importance of behavioural change and to motivate self-efficacy
through group participation with problem solving techniques discussed. This method of regular
support in a group setting have been proven to be successful in many other LED and weight loss
studies (Diabetes Prevention Program (DPP) Research Group, 2002; Goyenechea et al., 2011;
Handjieva-Darlenska et al., 2010; Jebb et al., 2017; Leslie et al., 2017; Leslie et al., 2016;
Lindstrom et al., 2008; McCombie et al., 2017; Sakane et al., 2011).

The limitation of this study chapter was that no postprandial glucose data was collected at
CID2/Post LED as this was an international collaboration and a standardised protocol was
followed in all countries. As a result, no data on 2h postprandial glucose or the overall glucose
tolerance assessed through AUC could be analysed, limiting the amount of data available in terms
of glycaemic improvement. Another limitation is the prescriptive counselling sessions given to
groups of 8-12 participants with no allowance for the presence or family or whanau again, as this
was the international protocol. This may have contributed to the low success rate amongst
difference ethnic groups such as Maori/Pacific, which favours the traditional family/whanau based

support with the involvement of the family to help promote family based changes and suggestions.

3.6 Conclusions

The use of an 8-week LED is an effective method of weight loss for those overweight and at high
risk of developing T2D, achieving significant improvements in anthropometry, blood pressure and
metabolic marker profile. Men had an improved glycaemia when compared to women during the
8-week weight loss LED approach due to a greater reduction in change in FM and in particular
centrally distributed fat, as assessed by WC. There were no specific ethnic differences in terms
of metabolic improvements following LED, but promoting a family based approach, especially to
the Maori/Pacific group may improve the success rates and reduce the number of dropouts.
These findings are clinically important and support gender-specific changes in men and women
after weight loss, whilst no ethnic specific changes between the three ethnic subgroups.
Following the LED weight loss phase, more than half of the participants (61%) achieved

normoglycaemia.
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Chapter 4 PREVIEW:New Zealand — Long term dietary
intervention for weight loss maintenance during 2-year
follow-up

One of the key issues faced by individuals attempting to lose BW in order to improve metabolic
health outcomes is the problem of long-term weight loss maintenance. Whilst there is
considerable evidence that short term periods of weight loss can be successfully achieved using
strategies such as LED meal replacement (Batsis et al., 2016; de Vos, Runhaar et al., 2016;
Geiker. et al., 2018; Haywood et al., 2017; Hjelmesaeth. et al., 2018; Jebb et al., 2017; Joris et
al.,, 2017; Lean et al., 2017; Rudovich et al., 2016; Sellahewa et al., 2017; Taylor et al., 2017,
Zhyzhneuskaya et al., 2017) (see review of LED in Chapter 3), maintaining that loss of BW and
FM over months and years is a significant challenge. LED meal replacements readily achieve
short term weight loss of 10-15% over several months, greater than can be achieved by intensive
behavioural lifestyle intervention over a similar duration (American Diabetes Association, 2018;
Scaottish Intercollegiate Guidelines Network, 2010). Clearly, however, LEDs cannot be the long-
term solution even though they are very successful in ameliorating metabolic dysfunction in the
short term, including in those with advanced dysglycaemia and T2D. For example, in the recent
well known UK DIRECT trial, almost 90% of those who achieved weight loss =215kg using an LED
rapidly went into T2D remission (Leslie et al., 2017; Lim et al., 2011; Taylor et al., 2017). In this
T2D trial Taylor et al postulated that 15% weight loss reduced adipose tissue mass, ectopic
infiltration into key organs such as pancreas, and reversed beta cell damage; yet it was also noted
that strategies to ensure weight loss maintenance were required to maximise long-term benefits
(Taylor et al., 2017).

Lifestyle intervention studies for the prevention of T2D have commonly used lower-fat, higher-
CHO, moderate-protein diets (see Chapter 1 for review), which remain the basis of T2D
prevention recommendations. These include the large long-term USDPP, the FDPS and China’s
Da Qing studies (Diabetes Prevention Program (DPP) Research Group, 2002; Gong et al., 2016;
Herman et al., 2012; Jaacks et al., 2014, Lehtisalo et al., 2016; Li et al., 2008; Lindstrom et al.,
2003; Lindstrom et al., 2008; Lindstrom et al., 2006; Pan et al., 1997). There is however growing
evidence to support the role and use of HP diets for long-term weight loss maintenance. For
example, in weight loss maintenance studies comparing higher protein (25en%protein) intake
with current recommendations of moderate protein intake (15en%protein) over the long-term, the
higher protein groups have shown evidence of improved satiety, greater weight loss, greater FM
loss and better preservation of FFM (Astrup, 2004; Astrup et al., 2015; Baum et al., 2006;
Cheraghpour et al., 2017; Clifton et al., 2014; Dong et al., 2013; Gogebakan et al., 2011; Larsen
et al., 2010; Layman & Baum, 2004; Leidy et al., 2015; Paddon-Jones et al., 2008; Te Morenga
et al., 2011; Westerterp-Plantenga et al. , 2012). Reduction in serum triglycerides, BP and WC
has also been reported in clinical studies involving participants following HP diets (Gogebakan et

al., 2011; Wycherley et al., 2013). The DioGENES weight loss maintenance trial was an early
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intervention that was able to demonstrate that low-fat HP diets may be more successful than low-
fat high-CHO diets (Larsen et al., 2010; Rudovich et al., 2016).

DioGENES had used a short 2-month period of LED meal replacement to achieve acute weight
loss and investigated maintenance of weight loss over 6 months in a trial of ~1000 overweight
adults (Larsen et al., 2010). The success of this 6-month weight maintenance trial by a European
Union multi-country consortium led to the development of the current International PREVIEW ftrial,
with the aim of extending this HP approach from 6 months to 3 years, and with specific focus on
prevention of T2D in overweight, high risk individuals with confirmed pre-diabetes (Fogelholm et
al., 2013; Fogelholm et al., 2017; Huttunen-Lenz. et al., 2018; Raben et al., 2013; Raben et al.,
2017)

Chapter 3 presents the PREVIEW:NZ study, showing successful LED-driven weight loss which

resulted in significant improvements in both anthropometric and metabolic parameters.

4.1 Aim and Hypotheses

The aim of this thesis Chapter was to investigate the effect of a lower-fat higher-protein lower-Gl
diet on BW and body composition, and also glycaemia and other metabolic outcomes during a

2-year weight maintenance phase.

As mentioned previously, the PREVIEW international RCT with 2 diet intervention groups, to
which participants were randomly assigned. At the time of data analysis for this thesis, the
randomisation remained “locked” (de-identified) and hence the allocation of participants to LP and
HP diet groups and exercise (high and moderate intensity) remained ‘blinded’. Un-blinding of the
data will be conducted by the European Union partners in late 2018. Consequently, in this Chapter
the participants have been allocated to diet intervention groups based on their reported dietary

protein intake (see Methods section 2.5, for details of the diet group allocation).
The primary hypotheses in the PREVIEW:NZ cohort was that:

1). A novel lower fat, higher protein, lower Gl diet results in more successful long term BW
maintenance over 2-years compared to current recommendations of lower fat, higher CHO,

moderate Gl diet.

2). Improved weight loss maintenance would in turn this result in better glycaemic control.
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The secondary hypotheses are based on the results of the LED weight loss in Chapter 3 and that

the secondary hypotheses were that:

1). weight loss maintenance would more successful in individuals with greater BW and FFM (kg):
i.e. weight loss maintenance is better in men vs. women and/or in Maori/Pacific vs. Caucasian vs.
Other.

2). glycaemic control would be successful in individuals with greater BW and FFM (kg): i.e. greater

glycaemic improvement in men vs. women and/or in Maori/Pacific vs. Caucasian vs. Other.

3). Other metabolic measures would be more successful in individuals with greater BW and FFM
(kg): i.e. greater metabolic improvement in men vs. women and/or in Maori/Pacific vs. Caucasian
vs. Other.

4.2 Methods

There were 267 individuals who were ‘completers’, defined as those who attended CID2/Post
LED (2 months). However, only 249 of these individuals achieved the PREVIEW weight loss goal
of 28%, as described in Chapter 2.2.

4.2.1 Definition of dietary groups: LP vs. HP

In this thesis the 2 dietary intervention groups were assigned using data from both baseline
(CID1/baseline) and 6 months (CID3/6m).

1). Firstly, a dietary protein cut point was determined based on the mean reported en%protein
intake for all participants at CID1/Baseline, which was 18.6 en%protein. Hence, LP is defined as

<18.6en%protein, HP is defined as 218.6en%protein

2). Secondly, reported en%protein was measured at CID3/6m, and participants were in turn
allocated to either the LP or HP diet group. CID3/6m was the first diet assessment point during
the maintenance phase, by which time participants had been receiving diet counselling for a
period of 4 months (as described in Chapter 2.5).

4.2.2 Categorical and Continuous analyses

The data analysis was conducted using both categorical (LP vs HP diet groups) and continuous

(en%protein as a continuous variable) methods, as follows:

1) Categorical analysis compared outcomes between LP (<18.6en%protein) and HP (=18.6

en%protein), n=249; using ITT-LVCF, cut-off defined from the mean en%protein at CID1/Baseline
and groups then allocated at CID3/6m using the LP and HP diet group; from 0-24 months

2) Continuous analysis from 2-24 months using:-

a) Observed data as defined by using raw observed data only,

b) ITT-LVCF (see Appendix E),
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¢) ITT-Multiple imputation (see Appendix F)

4.2.3 Anthropometric outcomes

The anthropometric parameters analysed in this chapter included BW (kg), BMI, FM (kg), FM (%),
android fat(kg), FFM (kg), FFM (%), WC, SBP and DBP. The anthropometric measures were
collected at CID1/Baseline, CID2/Post LED at 2 months, CID3/6m, CID4/12m, CID5/18m and
CID6/24m.

4.2.4 Metabolic outcomes

The metabolic parameters analysed in this chapter included FPG, OGTT, AUCGclucoseTo-120m,
HbAic (mmol/mol), Insulin, HOMA-IR, C-Peptide, hs-CRP, TC, HDL-C, LDL-C, TG and TC:HDL
ratio. The metabolic measures were collected at CID1/Baseline, CID2/Post LED at 2 months,
CID3/6m, CID4/12m, CID5/18m and CID6/24m. OGTT and AUCaglucoseTo-120m Were only collected
at CID1/Baseline, CID3/6m, CID4/12m and CID6/24m.

4.2.5 Food diary record

Diet records were calculated as an average of the 4-day food diary collected at CID1/Baseline,
CID3/6m, CID4/12m and CID6/24m. Outcome parameters were: Total energy (TE), percentage
energy from protein (en%protein), percentage energy from fat (en%fat), percentage energy from
carbohydrate (en%CHO) and GI. The mean (SD) protein intake for all participants at
CID1/Baseline (n=267) was 18.6(3.7) en%protein (refer to Table 23, page 75). This mean was
used to allocate the 2 diet groups as analysed in this thesis at CID 3/6 months (LP <18.6

en%protein and HP 218.6 en%protein).

4.3 Statistical Analyses

The statistical analyses conducted in this Chapter were as follows:-

Mean and SD/SEM were used to describe the baseline characteristics and within group changes
in the gender and ethnic subgroups from CID1/Baseline to CID6/24m in all eligible participants
who met 28% weight loss (n=249). Changes were calculated by subtracting the baseline
(CID1/Baseline) from CID2/Post LED, CID3/6m, CID4/12m, CID5/18m and CID6/24m,
respectively. Changes between gender and ethnic subgroups from CID1/Baseline to CID6/24m
were analysed with independent sample t-test and Two-way ANOVA, respectively. P values for
the interaction were shown on the figures. Tukey's post hoc analysis was used to compare the
different ethnic subgroups. P values for post hoc analysis are described in the footnotes of each
figure. Analyses were undertaken as ITT, using LVCF (ITT-LVCF) to impute missing data. Data
was assumed missing at random. The ITT population was defined as participants who completed
and met the 28% weight loss goal at CID2/Post LED, n=249. Regression analysis was conducted

in two ways:

1. Categorical analysis compared the 2 diet groups, LP vs HP (n=249) between CID2/Post LED

to CID6/24m for all participants; using the data imputation method of ITT-LVCF, cut-off defined
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as LP<18.6en%protein and HP=18.6en%protein, using mean en%protein at CID1/Baseline with
groups allocated at CID3/6m. Figures present data from all participants, allocated to LP or HP,
between CID1/Baseline and CID6/24m, where the assumption was made that participants
remained in their allocated diet group throughout the intervention. Multiple missing time points,
due to participant drop out or non-attendance at CID as the intervention progressed, prevented a
valid 2 diet group categorical analysis of the raw (no imputation) data set between CID2/Post LED
to CID6/24m.

2. Continuous multivariant analysis of the observed (raw) data was also conducted, alongside Dr

Yannan Jian, Senior Clinical Statistician. Since it was not valid to conduct statistical analyses of
the observed data using a categorical model beyond CID3/6m, as diet group allocation may have
changed for individuals beyond the 6 month follow up time point, continuous analysis was
performed between CID2/Post LED to CID6/24m. Repeated measures mixed models were used
to evaluate the linear association between en%protein and clinical outcomes measured at
CID3/6m, CID4/12m and CID6/24m. Change outcomes were calculated as change from
CID2/Post LED if the parameter was measured at that time point, or from CID1/Baseline if no
data collection at CID2/post LED. All regression models controlled for correlation between
repeated observations from same participant, using an unstructured correlation structure with a
random participant effect. Adjusted regression models also included the CID1/Baseline as a
confounding variable, plus gender and ethnicity. With repeated measurements, time was included
in all models as a categorical variable with 3 visits at CID3/post LED, CID4/12m and CID6/24m.
The interaction effect between en%protein and time was tested, and if statistically significant, the
association between en%protein and the outcome was assessed at each CID separately. Model-
adjusted coefficient of en%protein was reported, which quantified the mean change in outcome
associated with a 1% increase in energy from protein. Missing data at follow up visits were taken
into account in the mixed model based on the missing at random assumption using maximum
likelihood. Due to the high number of missing follow up data, sensitivity analyses were also
conducted to test the robustness of model estimates. This included single imputation method
using LVCF from CID1/Baseline, and multiple imputation method under the same assumption of

missing data.

Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
All statistical tests were two-sided at 5% significance level.
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Figure 43: PREVIEW:NZ protocol highlighting the method of diet group allocation for LP and HP categorical analysis using 4-day food diaries over 24 months
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4.4 Results

4.4.1 Categorical Analysis
4.4.1.1 LVCF data

(i) Baseline characteristics (n=249)

The baseline characteristics of the study population who completed the 8-week LED, achieved
the 8% weight loss goal and then were allocated to LP and HP diet groups are presented in Table
35. LP (<18.6en%protein) comprised 40% of total participants and HP (=18.6en%protein)
comprised 60% of total participants. The mean (SD) age of all participants was 47.2(11.1) years.
76% were females (n=188) and 24% were males. There were 3 ethnic groups, as described in
Chapter 3, of which Caucasian comprised the greatest number of individuals (n=151, 61%),
followed by Maori/Pacific (n=77, 31%) and then Other (n=21, 8%). The mean (SD) FDRS of all
participants was 15.1(2.8), indicating a high risk of developing T2D prior to the start of the 8-week
LED. Both groups typically comprised a wide age range, but unexpectedly the LP diet group was
a significantly younger group (46.3(10.7) years) compared to HP (49.4(10.9) years, P=0.0289).
There were no statistically significant differences between the LP and HP diet groups for any
anthropometric characteristics including BW, BMI, FM, FFM, android fat and WC (all, P>0.05);
FPG or any glucose measures during the OGTT, or HbAic or C-Peptide (all, P>0.05). However,
there was a significant difference in fasting insulin and HOMA-IR, with lower mean insulin
concentration in the HP group. When investigated further, it was clear that these differences were
caused by 3 participants in the LP group with extremely high circulating hormone levels, all of
which were >3SD above the group mean. Removal of these statistical outliers led to a decrease
in mean fasting insulin and HOMA-IR in the LP diet group, and no significant difference between
LP and HP groups at CID1/Baseline (P>0.05). Cardiovascular parameters full lipid profile and
hs-CRP did not differ between LP and HP (all, P>0.05).

Reported food intake data at CID1/Baseline for this cohort of n=249 individuals is shown in Table
23. The assignment of participants to LP or HP groups based on their reported intake at CID3/6m
resulted, as expected, in clear separation between the 2 groups at this 6 month time point. Notably
the 2 diet groups were already significantly different at CID1/baseline (LP, 16.9en% protein, HP
19.7en% protein; P<0.001). The HP group in turn had a significantly lower TE intake of 9665kJ/d
vs. LP (11369kJ/d), P=0.0012, and en% CHO intake compared to the LP diet group. Despite a
higher total CHO intake in the LP (42en%CHO vs. HP 40en%CHO, P=0.0364) group, there was
no difference in estimated Gl of the diet between LP and HP at baseline. Reported en%fat was
higher than expected at baseline in both LP (37.8en%fat) and HP (36.9en%fat) groups (ns), with

no significant difference between the LP and HP groups.
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(i) 2-year follow-up (n=249)

(a) Dietary Intake

Figure 44 presents the food record data from all participants over the 2-year intervention, for both
LP and HP diet groups. There was a significant difference in change from CID1/baseline over
time for en%protein between LP and HP (diet*time, interaction P<0.001), as expected based on
the pre-determined assignment to the two diet groups based on en%protein at CID3/6m (Figure
44). Reported en%protein was at its highest in the HP group and lowest in the LP group at this
6 month time point, after which the 2 groups began to converge at each subsequent CID up to
24 months. This might be hypothesised to be the result of decreased compliance to diet
counselling as the trial progressed. TE intake was also lower in the HP group throughout the
2-year intervention (diet, P<0.001) and decreased in both diet groups from CID1/Baseline
onwards (time, P<0.001). There was however no difference in change in TE intake from baseline
between the LP and HP groups (diet*time, interaction, P>0.05) up to CID6/24m. There was
however a significant difference in change from CliD1/baseline over time for en%CHO between
LP and HP (diet*time, interaction, P=0.0377), which as expected based on the categorisation at
CID3/6m, showed the reverse relationship to en% protein with a higher CHO intake for the LP
diet group throughout. However, this increase in en%CHO at CID3/6m was short-lived over time,
again possibly reflecting decreased compliance to the dietary counselling, between CID3/6m and
CID6/24m. Unexpectedly, Gl in both diet groups was similar at CID1/Baseline but with a decrease
in the HP group over time, as for en%CHO (diet, P=0.0019). Whilst there was a trend for en%fat
to decrease in HP compared to LP over the 2-year intervention, this was not a significant

difference between diet groups (diet*time, interaction).

(b) Anthropometric parameters

Changes in BW, BMI and WC over the 2-year intervention are shown in Figure 45, presented as
the two LP and HP diet groups. Following the significant decrease in BW during the 8-week LED,
there was a gradual regain from CID2 onwards in both diet groups (time, P<0.001). By the end of
the 2-year weight maintenance phase at CID6/24m, approximately half of the BW lost during the
2-month LED had been regained. Contrary to the hypothesis of this thesis, there was no
significant difference in the rate of BW regain between the LP and HP diet groups by CID6/24m
(interaction, P=0.7247). Notably, however, in neither group had BW returned to the pre-weight
loss baseline of CID1. Similar findings were observed for % change in BW, BMI and WC, which

are also presented in Figure 45.

Figure 46 shows the changes in DXA-assessed body composition up to CID6/24m. Following the
significant decrease in FM during the 8-week LED, there was a gradual regain from CID2 onwards
for both absolute (kg) and % FM in both diet groups (time, P<0.001). In line with the BW data,
there was no difference in FM change over 2 years between the LP and HP diet groups (diet,
both, P>0.05). Figure 47 presents the change in android (central) FM, again showing a highly

significant decrease during acute LED phase, but then a gradual rebound during the 2-year weight
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maintenance phase. Again, there was no difference in rate of rebound between the LP and HP
diet groups (interaction, P=0.6715). Figure 48 presents the change in absolute FFM (kg) which
again decreased significantly during LED (time, P=0.0188), with rebound following start of the
diet intervention at CID2/Post LED. There was no difference in rate of rebound between the LP

and HP diet groups (interaction, P=0.9999) during the 2-year intervention.

Following significant loss during the LED-weight loss phase, the anthropometry data shows clear
rebound in both FM (adipose) and FFM (lean) from CID2 onwards, as a result of the change to
ad lib LP and HP diets. Notably, as for the weight loss phase where FM loss was 3x greater than
FFM loss, during BW regain after CID2/Post LED FM regain was 2-3x greater than FFM regain
(see Figure 46 and Figure 48). As a % of total BW, FFM increased during the 2 month LED and
then gradually declined up to CID6/24m as BW and FM were regained (see Figure 48).

(c) Glycaemic parameters

Changes in FPG, 2h-PPG, AUCglucoseTo-120m and Hbaic over the 2-year intervention are shown in
Figure 49. Following the significant improvement FPG and Hbaic during the 8-week LED, there
was a gradual worsening from CID2 onwards up to the end of the intervention at CID6/24m. In
accordance with the re-gain of BW, FM and FFM there was no difference in rate of worsening in
these 2 glycaemia parameters between the LP and HP diet groups (FPG: interaction, P=0.5363;
HbA1c: interaction, P=0.8984). Notably, however, neither FPG nor HbA1c had rebounded back to
the CID1/baseline levels by the end of the 2-year intervention at CID6/24m.

As the OGTT assessment was not conducted at CID2/post LED, it is not possible to determine
whether there was also significant rebound from the end of the LED time point to CID3/6m for
either 2h-PPG or AUCalucoseto-120m , HOwever, Figure 49 shows that there was very little rebound
of 2h-PPG or AUCgiucoseto-T120m from CID3/6m to CID6/24m, and both were significantly lower than
baseline pre-intervention levels at the end of 2-years (both, time, P<0.001). Again, there was no
difference in glycaemic response between the LP and HP diet groups (2h-PPG: interaction,
P=0.9172; AUCalucoseTo-T120m, interaction, P=0.9111) at any time point up to CID6/24m.

Table 34 showed the number of participants who are pre-diabetic based on IFG, IGT and both
vs. those with normoglycaemia. The number of those with normoglycaemia improved from 26%
to 61%, this improvement was maintained over time and at CID6/24m, there was a lower

percentage of 41% which is greater than those at CID1/Baseline.
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Table 34: Participants are pre-diabetic based on our IFG, IGT and both criteria vs. normoglycaemia
through the intervention

ClID1/Baseline CID2/Post CID3/6m ClID4/12m CID6/24m
LED

Total participants IFG n=166 IFG n=103 IFG n=116 IFG n=124 IFG n=130
(n) IGT n=88 IGT n=56 IGT n=50 IGT n=52
Out of 249 both n=71 both n=34 both n=35 both n=35
Pre-diabetic (n) 183 103 138 139 147
Pre-diabetic 73% 41% 55% 56% 59%
(% of total)
Normoglycaemia 66 (27%) 164 (61%) 111 (45%) 110 (44%) 102 (41%)

CID, Clinical Investigation Day; LED, Low energy diet; IFG, impaired fasting glucose; IGT, impaired glucose tolerance

Figure 50 shows circulating insulin, HOMA-IR and C-Peptide changes throughout the
intervention. Following the significant improvement in all 3 parameters during the 8-week LED,
there was a gradual worsening from CID2/post LED to CID6/24m. Whilst a significant effect of LP
and HP diet group was observed for all parameters (diet group, P=0.009, P=0.0052, P<0.001)
this was due to the significantly higher CiD1/baseline values in the LP group for all 3 outcome
measures. Most importantly, there was no differential change over time for insulin (interaction,
P=0.6327), HOMA-IR (interaction, P=0.5950) or C-Peptide (interaction, P=0.5030), and so, as
observed for glucose parameters, no evidence that HP diet group prevented the gradual

worsening compared to LP over the 2-year intervention.

(d) Other Metabolic parameters

Figure 51 shows the change in SBP and DBP over the 2-year intervention, with no significant
difference in change over time between the LP and HP diet groups (SBP, interaction, P=0.4005;
DBP, interaction, P=0.2794). Figure 52 presents other cardiovascular endpoints. There was a
trend indicating that the LP diet group had a greater decrease in hs-CRP from CID1/Baseline to
CID6/24m (interaction, P=0.0740), but clearly this was driven by the acute decrease during the
8-week LED phase at CID2/Post LED. This has occurred by chance and has little/no clinical
relevance to the study. When calculated as change in hs-CRP from CID2/post LED to CID6/24m
there was no difference between the diet groups (data not shown). The pattern of improvement
during 8-week LED and rebound from CID2/Post LED to CID6/24m is observed in all lipid
outcomes. There was no difference between LP and HP diet groups for TC, HDL-C, LDL-C, TG
and TC:HDL ratio, as shown on Table 35. In light of the unexpected decrease trend in HDL-C
during the acute weight loss LED phase (see Chapter 3), this improvement in HDL-C in the

maintenance phase is notable.
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Table 35: CID1/Baseline Characteristics (n=249) — Anthropometric and Metabolic outcomes

Weight maintenance ITT population LP HP P value
N (%) 100 (40%) 149 (60%)

Age (years) 46.4+10.7 49.4+10.9 0.0289
Male (n/%) 22(36.0%) 39(64.0%)

Female (n/%) 78(41.5%) 110(58.5%)

Caucasian (n/%) n=151 51 (34.0%) 100 (66.0%)

M/F (n/%) - out of total gender 13 (25.5%) / 38 (74.5%) 20 (20%) / 80 (80%)

Out of total (13/61, 38/188, 20/61, 80/188) 21.3% / 20.2% 32.7% | 42.6%

Maori/Pacific (n/%) n=77 39 (50.6%) 38 (49.4%)

M/F (n/%)- out of total gender 6 (15.4%) / 33 (84.6%) 12 (31.6%) / 26 (68.4%)

Out of total (6/61, 33/188, 12/61, 26/188) 9.8% / 17.6% 19.7% / 13.8%

Other (n/%) n=21 10 (47.6%) 11 (52.4%)

M/F (n/%) - out of total gender 3 (30%) / 7 (70%) 7 (63.6%) / 4 (36.4%)

Out of total (3/61, 7/188, 7/61, 4/188) 4.9% /3.7% 11.5% /2.1%

FDRS 15.1+2.7 15.1+2.8 ns
BW(kg) 106.3+20.8 107.5+23.9 ns
Height(m) 1.68+0.08 1.68+0.09 ns
BMI(kg/m2) 37.847.1 38.246.7 ns
WC(cm) 110.7+15.0 112.1+16.7 ns
FM (kg) 48.2+14.5 49.7+14.8 ns
FM (%) 46.1+7.1 47.2+6.5 ns
Android fat(kg) 4.8+1.7 4.9+1.8 ns
FFM (kg) 57.7+11.0 57.1+#12.2 ns
FFM (%) 54.8+7.2 53.54+6.5 ns
Systolic BP (mmHQ) 119.1+16.1 124.0+16.7 ns
Diastolic BP (mmHg) 66.8+8.7 67.6+10.2 ns
FPG(mmol/l) 5.8+0.6 5.8+0.6 ns
30 min glucose (mmol/l) 8.8+1.6 8.9+1.6 ns
60 min glucose (mmol/l) 9.2+2.3 9.4+2.3 ns
90 min glucose (mmol/l) 8.2+2.3 8.5+2.2 ns
2h-PPG(mmol/l) 7.2+1.9 7.4+1.8 ns
AUCaglucoseTo-120m 978.1+201.4 1001.0+192.5 ns
HbA:c(mmol/mol) 36.4+3.5 36.1+3.3 ns
dnn Lao:02 o
'3 outers LPS 35520 3126174 s
C-Peptide(pmol/l) 872.9+327.5 805.5+284.3 ns
hs-CRP (mg/l) 5.7+6.7 5.0+4.8 ns
TC(mmoll/l) 5.2+1.0 5.4+1.1 ns
HDL-C(mmol/l) 1.3+0.2 1.3+0.3 ns
LDL-C(mmol/l) 3.4+0.9 3.4+0.8 ns
TG(mmol/l) 1.5+0.6 1.5+0.9 ns
TC:HDL ratio 4.3+1.2 4.3+1.2 ns

MeanzSD. FDRS, Finnish Diabetes Risk Score; BMI, Body Mass Index; WC, waist circumference; FM, Fat Mass; FFM,
Fat Free Mass; FPG, Fasting PG; 2h-PPG, Postprandial Plasma Glucose at 2-hour timepoint; AUCgjycoseto-120, Area
under the glucose curve time 0-120 min; HbA,., Glycated Haemoglobin; Insulin, Fasting serum insulin; HOMA-IR,
Homeostatic Model Assessment for Insulin Resistance; C-Peptide, serum connecting peptide; hs-CRP, high sensitivity
C-reactive protein; TC, Total cholesterol; HDL-C, High density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; TG, triglycerides; TC:HDL ratio, Total cholesterol:high density lipoprotein ratio. $Statistical outliers were
identified as individuals with circulating levels >3xSD of the group mean.
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Figure 52: hs-CRP and Lipids between CID1/Baseline and CID6/24m

4.4.2 Continuous Analysis

The continuous regression analysis from 2 — 24 months (CID2/Post LED to CID6/24m) comprised
of 3 approaches, which allowed a sensitivity analysis to be conducted to check the robustness of
the findings: - (i) observed data with no imputation, (ii) ITT-imputation of missing data using LVCF
data and (iii) ITT-multiple imputation of missing data. As noted previously, continuous analysis
was performed between CID2/Post LED to CID6/24m since it was not valid to conduct statistical
analyses of the observed data using a categorical model beyond CID3/6m, as diet group

allocation may have changed for individuals beyond the 6 month follow up time point.
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Table 36 shows attendance of all participants at all CID visits. This represents the observed data

set. It is notable that attendance declined as the trial progressed.

Table 36: Number of participants for varying variables at each CID visit

Variables CID1/Baseline CID2/PostLED  CID3/6m CID4/12m CID5/18m CID6/24m
Food record 249 n/a 169 112 n/a 59
BW (kg) 249 249 187 141 134 107
BMI (kg/m?) 249 249 187 141 134 107
WC (cm) 249 249 187 141 134 107
FM (kg) 249 249 180 119 n/a 71
FM (%) 249 249 180 119 n/a 71
Android fat (kg) 249 249 180 119 n/a 71
FFM (kg) 249 249 180 119 n/a 71
FFM (%) 249 249 180 119 n/a 71
SBP (mmHg) 249 249 186 119 128 107
DBP (mmHg) 249 249 186 119 128 107
FPG (mmol/l) 249 249 186 119 128 107
2h-PPG (mmol/l) 249 n/a 186 116 n/a 101
AUCGlucoseT0-120m 249 n/a 186 116 n/a 101
HbA1c (mmol/mol) 249 246 177 119 128 107
Insulin (mU/I) 249 246 177 119 128 107
HOMA-IR 249 246 177 119 128 107
C-Peptide (pmol/l) 249 246 177 119 128 107
hs-CRP (mg/l) 249 246 177 119 128 107
TC (mmolll) 249 246 177 119 128 107
HDL-C (mmol/l) 249 246 177 119 128 107
LDL-C (mmol/l) 249 246 177 119 128 107
TG (mmol/l) 249 246 177 119 128 107
TC:HDL ratio 249 246 177 119 128 107

N; number of participants. n/a, no assigned clinic visit; BW, Body weight; BMI, Body Mass Index; WC, waist
circumference; FM, Fat Mass; FFM, Fat Free Mass; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG,
Fasting Plasma Glucose; 2h-PPG, Postprandial Plasma Glucose at 2-hour timepoint; AUCgucoseto-120m, Area under the
glucose curve time 0-120 min; HbA,., Glycated Haemoglobin; Insulin, Fasting serum insulin; HOMA-IR, Homeostatic
Model Assessment for Insulin Resistance; C-Peptide, serum connecting peptide; hs-CRP, high sensitivity C-reactive
protein; TC, Total cholesterol; HDL-C, High density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol;
TG, triglycerides; TC:HDL ratio, Total cholesterol:high density lipoprotein ratio
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4.4.2.1 Observed data

Table 37 presents the continuous regression analysis of the observed data set, showing the
association between change in estimated en%protein intake (predictor variable), from CID2/Post
LED to CID6/24m, and change in diet, anthropometric and metabolic outcome variables. Data
were analysed both (i) unadjusted and (ii) adjusted for 3 potential confounders CID1/Baseline
value, gender and ethnicity since these were factors of interest in this thesis. The beta coefficient
is presented as the degree of changes in the outcome variable (e.g. BW) for every 1 unit of change
in the continuous predictor variable (e.g. en%protein) or category change for the categorical

variables (e.g. gender — Male or Female; ethnicity — Caucasian, Maori/Pacific or Other).

i Unadjusted model

Table 37 presents dietary treatment as ‘en%protein’, and change over time from CID2/Post LED,
measured repeatedly at 6, 12 and 24 months as ‘visit 12m vs. 6m’ and ‘visit 24m vs 6m’,
respectively. Hence change in outcome variable from CID2/Post LED to CID3/6m was compared
with change from CID2/Post LED to CID4/12m and change from CID2/Post LED to CID6/24m.

Simple linear regression equation

Y = bo (e.g. BW) + b1X1 (e.g. en%protein)
Outcome/dependent variable = (exposure variable) + (risk factor/
Coefficient, SE (P value) independent variable)

The regression analysis for the unadjusted dataset (coefficient, SE) showed that, as expected
based on the diet counselling advice, an increase in 1en%protein was significantly associated
with a lower dietary Gl of -0.333 (0.059) units (P<0.001). Unexpectedly, it was not significantly
associated with a lower reported TE (24.88, 33.396kJ/d; P=0.4572). However, an increase in
len%protein was significantly associated with a reduction in BW of -0.098 (0.031) kg, (P=0.0020)
and BMI of -0.029 (0.011) kg/m?, (P=0.0096). An increase, for example, from 15en% to 25en%
dietary protein as per the PREVIEW diet counselling advice (equivalent to +10en%protein) was
associated with ~1kg lower BW and ~0.3kg/m? lower BMI. There was however no significant
association between en%protein and change in any of WC, absolute FM, android fat, absolute
FFM and %FFM, but a significant association with change in %FM, where an increase in
len%protein was associated with -0.062 (0.027) % decrease in FM (P=0.0223). There was also
no significant association with change in SBP, DBP, or any other the glycaemic endpoints
including FPG, 2h-PPG, AUCGglucoseto-120m, HDA1c, Insulin and HOMA-IR; other than a trend for
decreased C-Peptide of -2.854 (1.497) pmol/l, (P=0.0582). There was also no significant
relationship between en%protein and change in CVD related endpoints, including hs-CRP, TC,
LDL-C, TG, other than HDL-C where an increase in len%protein was positively correlated with
an increase of 0.004 (0.002) mmol/l, (P=0.0178), and decrease in TC:HDL ratio
of -0.015 (0.004) units (P=0.0007). Here a 10en% increase in dietary protein intake as per diet

counselling was association with improved HDL-C of 0.04mmol/l and TC:HDL ratio of -0.15 units.
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Change in the outcome variable over time from CID2/Post LED measured repeatedly at
6(CID3/6m), 12(CID4/12m) and 24(CID6/24m) months, is also presented in Table 37. Some data
were not collected at CID2/Post LED (diet records, OGTT) and so the regression analysis was
conducted as change from CID1/Baseline. In this unadjusted model, there was no significant
effect of time on TE, i.e. after the initial decrease in TE during the first 6 months of the intervention
between CID1/Baseline and CID3/6m (shown clearly in the categorical analysis), there was no
further decrease or rebound in energy intake at CID4/12m (134, 362kJ/day; P=0.7103) or
CID6/24m (-432, 625kJ/day; P=0.4914). This was also observed for reported GI. There was no
significant change in Gl over time, hence no difference between change from CID1/Baseline to
CID4/12m (P=0.1872) and CID6/24m (P=0.7306) compared to CID3/6m. However, BW, BMI and
all body composition parameters other than FFM did increase over time due to rebound during
the maintenance phase; commonly with a greater worsening by CID4/12m and CID6/24m
compared to the change from CID2/Post LED to CID3/6m (all, P<0.01). This resulted in turn in
significant worsening in many of the glycaemic-related parameters, e.g. insulin, HOMA-IR and
C-Peptide at both CID4/12m and CID6/24m compared with change from CID2/Post LED to
CID3/6m (all, P<0.01). FPG also increased over time from the low values observed at
CID2/Post LED, with higher circulating glucose at CID4/12m compared to CID3/6m
(0.105, 0.041mmol/l, P=0.0121), and a trend for continued worsening up to CID6/24m
(0.139, 0.083mmol/l, P=0.0965). Since the OGTT was not conducted at CID2/Post LED, the

regression analysis was conducted as change from CID1/Baseline.

The unadjusted model showed no significant change in 2h-PPG over time, hence no worsening
at CID4/12m (P=0.6234) or CID6/24m (0.2285) when compared to the initial decrease from
CID1/Baseline at CID3/6m. Change in AUC was also not significantly different between
CID4/12m (P=0.8041) and CID6/24m (0.1165) when compared to the initial decrease from
baseline at CID3/6m. All of the various CVD parameters showed some worsening over time
beyond CID3/6m, with significant changes at either CID4/12m or CID6/24m when compared with
change from CID2/Post LED to CID3/6m (all, P<0.01).

ii. Adjusted model
Table 37 presents dietary treatment as ‘en%protein’, and change over time to year-1 (CID4/12m)
and year-2 (CID6/24m) as ‘visit 12m vs. 6m’ and ‘visit 24m vs. 6m’, respectively. In addition,
3 potential confounding variables were investigated, including baseline value shown as
‘Baseline’, gender shown as ‘Male vs. Female’, and ethnicity shown as ‘Maori/Pacific vs.
Caucasians’ and ‘Other vs. Caucasian’. In each case, the multiple regression model produced
an estimate of the association between the outcome variable (e.g. BW) and predictor en%protein

intake that accounted for the differences due to baseline values, gender and ethnicity.
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Multiple linear regression equation

Y = bo (e.g. BW) + b1X1 (e.g. en%protein)
Outcome/dependent variable = (exposure variable) + (risk factor/
Coefficient, SE (P value) independent variable)
+ b2X2 (e.g. baseline BW) + bsXs (e.g. gender) bsX4 (e.g. ethnicity)
+ (continuous variable) + potential confounders (yes/no)

After the dataset was adjusted for CID1/Baseline value, gender and ethnicity, there were clear
relationships between en%protein and both dietary parameters TE and Gl, when analysed for all
data across all time points. For each len%protein increase Gl decreased by -0.37(0.053) units
(P<0.001) and TE also decreased by -120 (30.73) kJ/day (P=0.001). Notably, there was a
significant interaction between en%protein and duration of the intervention for TE
(diet*time, interaction, P<0.001), but not for GI. The adjusted (interaction) regression for TE
identified baseline TE and ethnicity as significant confounders. There was a significantly higher
TE intake in Maori/Pacific than Caucasian (971, 359 kJ/day; P=0.0075), and there was a similar
non-significant trend for male vs. female (591, 347 kJ/day; 0=0.090).

In turn, there was a consistent association showing an increase in 1en%protein was significantly
associated with a reduction in BW of -0.091(0.031)kg, (P=0.0042) and BMI
of -0.028(0.011)kg/m2, (P=0.0136); again confirming the primary hypothesis of this thesis. BW
loss is likely to be due to the lower TE intake of the HP diet, as presented above. Notably, both
coefficients for BW and BMI were lower after adjustment for baseline, gender and ethnicity
compared with the unadjusted model, hence part of the association between these BW, BMI and
en% protein was explained by the confounders. The adjusted analysis also presents data for
change over time, where there was an overall increase in BW over 2 years from CID2/Post LED
onwards (P<0.001). The protective effect of dietary protein for BW maintenance in this adjusted
model was small (again, +10en%protein was associated with ~1kg lower BW), and overall there
was an increase in change in BW from CID3/6m to CID4/12m, of 3.526(0.399) kg, (P<0.001) and
from CID3/6m to CID6/24m of 8.102(0.726) kg, (P<0.001). Also, a gain in BMI of
1.272(0.141) kg/m?, (P<0.001); and 2.854(0.244) kg/m?2, (P<0.001), respectively. Adjusting for
baseline BW and BMI did not significantly alter the model, i.e. did not show confounding effects.
Gender also did not show significant confounding effects for BW (P=0.1544) or BMI (P=0.2314),
with no difference between men and women in relationship between en%protein and BW or BMI.
Ethnicity however did influence the model with significantly greater BW gain of 3.064(0.86) kg
(P<0.001) in Maori/Pacific than Caucasian, and hence also a greater increase in BMI of
1.003(0.311) kg/m?, (P=0.0015).

Again, in the adjusted model as for unadjusted, there was no significant association between

change in en%protein and any anthropometric outcomes of WC, absolute FM, android fat,

absolute FFM and %FFM, but a trend towards a significant association with %FM where an

increase in len%protein was associated with -0.05(0.027)% decrease in FM (P=0.0724). Based

on the PREVIEW recommendations of 10en% increase in protein intake, this was equivalent
124



Chapter 4: PREVIEW:NZ: Weight Maintenance

to -0.5%FM loss. Again, ethnicity contributed as a confounder in this model, such that
Maori/Pacific had higher %FM gain of 2.152(0.703)% (P=0.0026) than Caucasian. Baseline %FM
and gender did not show significant confounding effects.

There was also no significant association of en% protein intake with SBP, DBP, or any of the
glycaemic endpoints including FPG (P=0.7872), 2h-PPG (P=0.3007), AUCGglucoseT0-120m
(P=0.3580), HbAic (P=0.7525), Insulin (P=0.2373), and HOMA-IR (P=0.2412) in the adjusted
model. The trend for a negative association between en%protein and C-Peptide in the unadjusted

model was lost when the model was adjusted for baseline value, gender and ethnicity.

There was also no significant association between en%protein and many of the CVD related
endpoints, including hs-CRP, TC, LDL-C and TG. However, in the adjusted as for the unadjusted
model, an increase in len%protein was positively correlated with an increase in the CVD-
protective cholesterol fraction HDL-C of 0.0004(0.002)mmol/l, (P=0.0228). Baseline values,
gender and ethnicity were all significant confounders in the model with baseline
contributing -0.139 (0.061)mmol/I (P=0.0232), male contributing -0.077 (0.033)mmol/l (P=0.0214)
relative to female, and Maori/Pacific contributing -0.079 (0.034)mmol/l (P=0.0199) relative to
Caucasian. All of these confounders resulted in an adverse decrease in HDL-C. Also in the
adjusted model, an increase of 1en%protein was associated with -0.015(0.004)mmol/l decrease
in TC:HDL ratio, again a protective effect for CVD. There was a strong effect of time in the
adjusted model however, with the change from CID2/Post LED to CID4/12m (0.186, 0.059 units;
P=0.002) and CID6/24, (0.315, 0.091 units; P=0.001) significantly worsening the ratio vs. change
to CID3/6m. Confounders in the adjusted model acting in opposite directions were baseline
TC:HDL ratio (-0.174, 0.047 units; P<0.001) and male gender (0.210, 0.088 units; P=0.0176).

Interaction

In the multivariate regression analysis, only 2 outcome variables showed a significant interaction
between en%protein and duration of the intervention (diet*time, interaction).
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Table 37: Multiple regression analysis of dietary, anthropometric and metabolic outcome variables
presented as change from 2 month CID2/Post LED over the 24-month weight maintenance phase:
unadjusted and adjusted (baseline, gender, ethnicity) model — observed data

Variables Unadquted P value Adjugtgd P value Adjusteq model P value
coefficient (SE) coefficient (SE) (interaction) (SE)

ASGI (units)

-en%protein -0.333(0.059) <0.001 -0.37(0.053) <0.001

-visit 12m vs. 6m 0.778(0.587) 0.1872 0.815(0.578) 0.1603

-visit 24m vs. 6m -0.401(1.164) 0.7306 -0.854(0.989) 0.3888

-Baseline Gl -0.851(0.078) <0.001

-Male vs. Female 0.397(0.795) 0.6183

-Maori/Pacific VS. 1.881(0.873) 0.0325

Caucasian

-Other vs. Caucasian 2.619(1.311) 0.0472

ASTE (kJ/d)

-en%protein 24.88(33.396) 0.4572

-12m vs. 6m 134.8(362) 0.7103
-24m vs. 6m -431(625) 0.4914
-Baseline TE

- Male vs. Female

-Maori/Pacific
Caucasian

VS.

-Other vs. Caucasian

-10.416(25.666) 0.6853

-120.353(30.731) <0.001
-6685.36(1144.43) <0.001
-5414.53(1904.3) <0.001
-0.795(0.047)  <0.001
591.816(347.237) 0.090
971.883(359.769) 0.0075

248.419(545.326) 0.6493

ABW (kg)

-en%protein -0.098(0.031) 0.0020 -0.091(0.031) 0.0042
-visit 12m vs. 6m 3.557(0.4) <0.001 3.526(0.399) <0.001
-visit 24m vs. 6m 8.131(0.719) <0.001 8.102(0.726) <0.001
-Baseline BW 0.007(0.019) 0.6980
-Male vs. Female 1.215(0.849) 0.1544
-Maori/Pacific VS. 3.064(0.86) <0.001
Caucasian

-Other vs. Caucasian 0.527(1.28) 0.6809
ABMI (kg/m?)

-en%protein -0.029(0.011) 0.0096 -0.028(0.011) 0.0136
-visit 12m vs. 6m 1.284(9.141) <0.001 1.272(0.141) <0.001
-visit 24m vs. 6m 2.868(0.242) <0.001 2.854(0.244) <0.001
-Baseline BMI 0.022(0.022) 0.3275
-Male vs. Female 0.358(0.298) 0.2314
-Maori/Pacific VS, 1.003(0.311) 0.0015
Caucasian

-Other vs. Caucasian 0.197(0.463) 0.6704

126



Chapter 4: PREVIEW:NZ: Weight Maintenance

Unadjusted P value Adjusted P value Adjusted modelP value
Variables coefficient coefficient (SE) (interaction)
(SE) (SE)
AWC (cm)
-en%protein -0.042(0.06) 0.4866 -0.032(0.061) 0.5992
-visit 12m vs. 6m 2.81(0.767) 0.0003 2.72(0,772)  <0.001
-visit 24m vs. 6m 8.044(1.039) <0.0001 7.891(1.031) <0.001
-Baseline WC -0.087(0.033) 0.0099
-Male vs. Female 1.31(1.103) 0.2366
-Maori/Pacific VS. 0.552(1.12) 0.6230
Caucasian
-Other vs. Caucasian -2.514(1.676) 0.1356
AFM (kg)
-en%protein -0.033(0.031) 0.2977 -0.013(0.032) 0.6946
-visit 12m vs. 6m 3.749(0.379) <0.0001 3.737 (0.372) <0.001
-visit 24m vs. 6m 8.031(1.151) <0.00018.267(1.213) <0.001
-Baseline FM kg -0.035(0.024) 0.1485
-Male vs. Female -0.151(0.738) 0.8380
-Maori/Pacific VS. 2.681(0.744) <0.001
Caucasian
-Other vs. Caucasian 1.268(1.125) 0.2613
AFM (%)
-en%protein -0.062(0.027) 0.0223 -0.05(0.027) 0.0724
-visit 12m vs. 6m 3.742(0.341) <0.0001 3.73(0.338)  <0.001
-visit 24m vs. 6m 6.962(0.601) <0.0001 7.043(0.619) <0.001
-Baseline FM % -0.036(0.051) 0.4889
-Male vs. Female -0.163(0.852) 0.8486
-Maori/Pacific VS. 2.152(0.703) 0.0026
Caucasian
-Other vs. Caucasian 1.101(1.077) 0.3080
AANndroid fat (kg)
-en%protein -0.005(0.003) 0.1183 -0.003(0.003) 0.2817
-visit 12m vs. 6m 0.427(0.043) <0.00010.422(0.043) <0.001
-visit 24m vs. 6m 0.893(0.088) <0.00010.919(0.09) <0.001
-Baseline Android fat 0.008(0.025) 0.7334
-Male vs. Female 0.072(0.086) 0.4025
-Maori/Pacific VS. 0.387(0.088) <0.001
Caucasian
-Other vs. Caucasian 0.112(0.135) 0.4078
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Unadjusted P value Adjusted P value Adjusted modelP value
Variables coefficient coefficient (SE) (interaction)
(SE) (SE)
AFFM (kg)
-en%protein -0.016(0.016) 0.3371 -0.017(0.016) 0.3025
-visit 12m vs. 6m -0.154(0.186) 0.4087 -0.151(0.186) 0.4176
-visit 24m vs. 6m 0.286(0.282) 0.3114 0.283(0.283) 0.3196
-Baseline FFM kg 0.019(0.021) 0.3637
-Male vs. Female 0.829(0.471) 0.0802
-Maori/Pacific VS. 0.324(0.372) 0.3840
Caucasian
-Other vs. Caucasian 0.051(0.521) 0.9219
AFFM (%)
-en%protein -0.01(0.015) 0.4830 -0.013(0.015) 0.3898
-visit 12m vs. 6m 0.110(0.131) 0.4024 0.111(0.131) 0.4003
-visit 24m vs. 6m 0.623(0.365) 0.0900 0.645(0.375) 0.0874
-Baseline FFM (%) -0.026(0.024) 0.2848
-Male vs. Female 1.223(0.391) 0.1544
-Maori/Pacific VS. 3.064(0.86) 0.0021
Caucasian
-Other vs. Caucasian 0.138(0.508) 0.7865
ASBP (mmHg)
-en%protein -0.098(0.132) 0.456 -0.056(0.121) 0.6433
-visit 12m vs. 6m 6.482(1.491) <0.00015.649(1.437) <0.001
-visit 24m vs. 6m 12.002(2.53) <0.000112.059(2.533) <0.001
-Baseline SBP -0.479(0.054) <0.001
-Male vs. Female 2.077(1.951) 0.2886
-Maori/Pacific VS. -1.185(2.015) 0.5573
Caucasian
-Other vs. Caucasian 2.404(2.992) 0.4228
ADBP (mmHg)
-en%protein -0.042(0.072) 0.5625 -0.081(0.068) 0.2347
-visit 12m vs. 6m 2.937(0.802) 0.0003 2.62(0.786) 0.0010
-visit 24m vs. 6m 3.508(1.416) 0.0141 2.99(1.299) 0.0225
-Baseline DBP -0.427(0.056) <0.001
-Male vs. Female 2.287(1.138) 0.0461
-Maori/Pacific VS. -1.365(1.167) 0.2438
Caucasian
-Other vs. Caucasian 5.11(1.748) 0.0039
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Unadjusted P value Adjusted P value Adjusted modelP value
Variables coefficient coefficient (SE) (interaction)
(SE) (SE)
AFPG (mmol/l)
-en%protein 0.001(0.004) 0.7726 0.001(0.004) 0.7827
-visit 12m vs. 6m 0.105(0.041) 0.0121 0.088(0.04) 0.0308
-visit 24m vs. 6m 0.139(0.083) 0.0965 0.121(0.083) 0.1459
-Baseline FPG -0.517(0.043) <0.001
-Male vs. Female 0.086(0.06) 0.1543
-Maori/Pacific VS. 0.005(0.061) 0.9288
Caucasian
-Other vs. Caucasian 0.047(0.093) 0.6130
A2h-PPG (mmolll)
-en%protein 0.009(0.013) 0.4863 0.011(0.01) 0.3007
-visit 12m vs. 6m -0.092(0.187) 0.6234 -0.036(0.172) 0.8336
-visit 24m vs. 6m 0.302(0.25)  0.2285 0.286(0.243)  0.2400
-Baseline 2h-PPG -0.538(0.041) <0.001
-Male vs. Female -0.149(0.182) 0.4130
-Maori/Pacific VS. -0.001(0.194) 0.9965
Caucasian
-Other vs. Caucasian 0.042(0.277) 0.8810
AAUCGlucoseTo-120m
-en%protein 0.446(1.337) 0.7393 1.118(1.213) 0.3580
-visit 12m vs. 6m 4.242(17.08) 0.8041 9.206(16.81)  0.5847
-visit 24m vs. 6m 41.867(26.54) 0.1165 48.952(26.783) 0.0694
-Baseline -0.428(0.046) <0.001
AUCGlucoseTo-120m
-Male vs. Female 12.18(21.33) 0.5688
-Maori/Pacific VS. 20.62(22.28)  0.3559
Caucasian
-Other vs. Caucasian 42.48(32.38) 0.1914
AHDbA1: (mmol/mol)
-en%protein -0.004(0.016) 0.7802 -0.005(0.015) 0.7525
-visit 12m vs. 6m 0.254(0.178) 0.1545 0.283(0.178) 0.1140
-visit 24m vs. 6m 1.306(0.392) 0.0011 1.348(0.393) 0.0008
-Baseline HbA1c -0.183(0.036) <0.001
-Male vs. Female 0.237(0.261) 0.3647
-Maori/Pacific VS. 0.626(0.264) 0.0189
Caucasian
-Other vs. Caucasian 0.028(0.404) 0.9447
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Unadjusted P value Adjusted P value Adjusted

Variables coefficient (SE) coefficient (SE) model _
(interaction)
(SE)

Alnsulin (mIU/L)

-en%protein -0.04(0.028) 0.1538 -0.032(0.027) 0.2373

-visit 12m vs. 6m 1.247(0.312) <0.001 1.245(0.309) <0.001

-visit 24m vs. 6m 2.107(0.606) 0.0006 2.143(0.613) 0.0006

-Baseline Insulin -0.303(0.069) <0.001

-Male vs. Female -0.231(0.615) 0.7080

-Maori/Pacific VS. 1.054(0.621) 0.0915

Caucasian

-Other vs. Caucasian 1.024(0.968) 0.2917

AHOMA-IR

-en%protein -0.011(0.007) 0.1499 -0.008(0.007) 0.2412

-visit 12m vs. 6m 0.354(0.087) <0.00010.354(0.087) <0.001

-visit 24m vs. 6m 0.579(0.169)  0.0007 0.579(0.169) 0.0005

-Baseline HOMA-IR -0.008(0.007) 0.2412

-Male vs. Female -0.032(0.168)  0.8468

-Maori/Pacific VS. 0.246(0.169) 0.1474

Caucasian

-Other vs. Caucasian 0.365(0.264) 0.1688

AC-Peptide (pmol/l)

-en%protein -2.854(1.497) 0.0582 -2.078(1.445) 0.1521

-visit 12m vs. 6m 46.289(16.936) 0.0069

111.923(30.853)0.0004

44.878(16.524) 0.0073

-visit 24m vs. 6m 111.481(31.731) 0.0006

-Baseline C-Peptide -0.209(0.054)  0.0002
-Male vs. Female -7.305(27.681) 0.7922
-Maori/Pacific VS. 84.313(28.094) 0.0031
Caucasian

-Other vs. Caucasian 24.344(42.978) 0.5718
Ahs-CRP (mg/l)

-en%protein 0.011(0.045)  0.8055 0.045(0.037) 0.2224
-visit 12m vs. 6m 0.407(0.653) 0.5341 0.253(0.632) 0.6901
-visit 24m vs. 6m 1.256(0.677)  0.0651 1.352(0.661) 0.0425
-Baseline hs-CRP -0.667(0.046) <0.001
-Male vs. Female -0.896(0.57) 0.1179
-Maori/Pacific VS. 0.075(0.577) 0.8965
Caucasian

-Other vs. Caucasian -0.67(0.882) 0.4483
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Unadjusted P value Adjusted P value Adjusted modelP value

Variables coefficient (SE) coefficient (SE) (interaction)
(SE)

ATC (mmol/l)
-en%protein -0.001(0.007) 0.8772 -0.003(0.006) 0.6509
-visit 12m vs. 6m 0.229(0.083) 0.0064 0.211(0.083) 0.0119
-visit 24m vs. 6m 0.137(0.116) 0.2380 0.059(0.661) 0.6020
-Baseline TC -0.219(0.054) <0.001
-Male vs. Female 0.003(0.105) 0.9786
-Maori/Pacific VS, -0.265(0.111) 0.0181
Caucasian
-Other vs. Caucasian -0.315(0.171) 0.0669
AHDL-C (mmol/l)
-en%protein 0.004(0.002) 0.0178 0.004(0.002) 0.0228 0.004(0.002) 0.1359
-visit 12m vs. 6m 0.001(0.022) 0.9619 0.165(0.063) 0.3436
-visit 24m vs. 6m -0.069(0.029) 0.0199 0.059(0.095) 0.1934
-Baseline HDL-C -0.132(0.061) 0.0317
-Male vs. Female -0.079(0.033) 0.0192
-Maori/Pacific VS. -0.078(0.034) 0.0226
Caucasian
-Other vs. Caucasian -0.031(0.051) 0.5396
ALDL-C (mmol/l)
-en%protein -0.001(0.005) 0.8755 -0.002(0.005) 0.7542
-visit 12m vs. 6m 0.180(0.068) 0.0089 0.165(0.063) 0.0158
-visit 24m vs. 6m 0.128(0.095) 0.1811 0.059(0.095) 0.5351
-Baseline LDL-C -0.197(0.052) <0.001
-Male vs. Female 0.0056(0.085) 0.5100
-Maori/Pacific VS. -0.175(0.09)  0.0539
Caucasian
-Other vs. Caucasian -0.276(0.14)  0.0506
ATG (mmoll/l)
-en%protein -0.004(0.003) 0.2868 -0.004(0.003) 0.3061
-visit 12m vs. 6m 0.079(0.037) 0.0326 0.076(0.036) 0.0379
-visit 24m vs. 6m 0.195(0.076) 0.0107 0.193(0.075) 0.0114
-Baseline TG -0.175(0.07)  0.0127
-Male vs. Female 0.025(0.066) 0.7113
-Maori/Pacific VS. 0.006(0.067) 0.9272
Caucasian
-Other vs. Caucasian 0.022(0.102) 0.8265
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Unadjusted P value Adjusted P value Adjusted modelP value
Variables coefficient (SE) coefficient (SE) (interaction)
(SE)
ATC:HDL ratio
-en%protein -0.015(0.004) 0.0007 -0.015(0.004) 0.0007
-visit 12m vs. 6m 0.201(0.059) 0.0009 0.186(0.059) 0.0020
-visit 24m vs. 6m 0.361(0.089) <0.00010.315(0.091) 0.0007
-Baseline TC:HDL -0.174(0.047) <0.001
-Male vs. Female 0.21(0.088) 0.0176
-Maori/Pacific VS. -0.038(0.09) 0.6737
Caucasian
-Other vs. Caucasian -0.054(0.139) 0.6737

A, Change in outcome variable from CID2/Post LED. *Where variables were not measured at CID2/Post
LED (e.qg. diet records, OGTT glucose), change was calculated from CID1/Baseline. BW, body weight; BMI,
Body Mass Index; WC, waist circumference; FM, Fat Mass; FFM, Fat Free Mass; SBP, Systolic blood
pressure; DBP, Diastolic blood pressure; FPG, Fasting Plasma Glucose; 2h-PPG, Postprandial Plasma
Glucose at 2-hour timepoint; AUCaglucoseto-120m, Area under the glucose curve time 0-120 min; HbAxc,
Glycated Haemoglobin; Insulin, Fasting serum insulin; HOMA-IR, Homeostatic Model Assessment for Insulin
Resistance; C-Peptide, serum connecting peptide; hs-CRP, high sensitivity C-reactive protein; TC, Total
cholesterol; HDL-C, High density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG,
triglycerides; TC:HDL ratio, Total cholesterol:high density lipoprotein ratio; TE, Total Energy 4 day diet
record; Gl, Glycaemic Index
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Using continuous analysis of the observed data, the interaction between en%protein calculated
from the 4-day food record and CID visits from CID1/Baseline to CID6/24m visit is summarised
on Table 38. The summary table showed a significant interaction (diet*time) for change in HDL-
C (P=0.0248) and TE (P<0.001).

Table 38: Interaction between en%protein and CID visit

Outcome Variables — Change P value
ABW (kg) 0.8227
ABMI (kg/m?) 0.8230
AWC (cm) 0.5283
AFM (kg) 0.2471
AFM (%) 0.9741
AANndroid fat (kg) 0.1890
AFFM (kg) 0.1744
AFFM (%) 0.1952
ASBP (mmHg) 0.7708
ADBP (mmHg) 0.1991
AFPG (mmol/l) 0.9754
A2h-PPG (mmol/l) 0.5497
AAUCGlucoseT0-120m 0.2082
AHbA1c (mmol/mol) 0.3702
Alnsulin (mU/I) 0.4764
AHOMA-IR 0.5898
AC-Peptide (pmol/l) 0.6340
Ahs-CRP (mgll) 0.8915
ATC (mmol/l) 0.3383
AHDL-C (mmol/l) 0.1359
ALDL-C (mmol/l) 0.2977
ATG (mmol/l) 0.0709
ATC:HDL ratio 0.6640
AGI (units/d) 0.2995
ATE (kJ/d) <0.001

BW, body weight; BMI, Body Mass Index; WC, waist circumference; FM, Fat Mass; FFM, Fat Free Mass;
SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting Plasma Glucose; 2h-PPG,
Postprandial Plasma Glucose at 2-hour timepoint; AUCalucoseTo-120m, Area under the glucose curve time O-
120 min; HbA:, Glycated Haemoglobin; Insulin, Fasting serum insulin; HOMA-IR, Homeostatic Model
Assessment for Insulin Resistance; C-Peptide, serum connecting peptide; hs-CRP, high sensitivity C-
reactive protein; TC, Total cholesterol; HDL-C, High density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol; TG, triglycerides; TC:HDL ratio, Total cholesterol:high density lipoprotein ratio; Gl,
Glycaemic Index; TE, Total Energy

Due to critique around observed data only, further statistical analysis was conducted as ITT with

imputation (LVCF and multiple imputation).
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4.4.2.2 ITT-LVCF data

Conducting a continuous analysis using LVCF data, the association between changes in
estimated en%protein calculated from the 4-day food record and anthropometric and metabolic
outcomes from CID2/Post LED to CID6/24m were also calculated (as shown in Appendix E).
Notably this data set which used imputed data based on the LVCF principle showed very similar
findings to the observed (no imputation) data described in detail above. To highlight some key

points:

i. Unadjusted

As reported for the observed (no imputation) dataset above, the unadjusted regression analysis
showed that an increase in len%protein was significantly associated with a reduction in BW
of -0.007(0.033)kg, (P=0.8235) and a trend for reduction in BMI (-0.002(0.012)kg/m?,
(P=0.8882)). Again, in line with the observed dataset, there was no significant association
between change in en%protein and WC, absolute FM, %FM, android fat, absolute FFM and
%FFM. Also no association with change in SBP, DBP, or glycaemic parameters FPG, 2h-PPG,
AUCalucoseTo-120m, HbA1c, Insulin, HOMA-IR. Also, as previously change in C-Peptide was close
to a significant association with en%protein (-2.854(1.497)pmol/l, P=0.0582). Change in CVD
parameters again were non-significant for hs-CRP, LDL-C and TG, but conversely 1en%protein
increase in turn significantly increased TC by 0.01(0.005)mmol/l, P=0.0487; and decreased
TC:HDL ratio by -0.007(0.003)mmol/l, (P=0.0396). In line with the observed data, there was also
a significant association with HDL-C showing an increase in len%protein correlated with an
increase in 0.007(0.003)mmol/l, (P=0.0396) and decreased TC:HDL ratio by -0.007(0.003)mmol/l,
(P=0.0396). Using the food diary analysis, as for the observed data there was a significant
association with change in GI, an increase of len%protein reduced Gl by -0.282(0.038)units,
(P<0.001). Similar to the observed analysis for TE intake, there was no significant association in
either unadjusted or adjusted models but a significant interaction (en%protein*time) was observed
such that an increase in 1en%protein decreased TE by -126, 24.7kJ/day (P<0.001).

ii. Adjusted

After the model was adjusted for potential confounders, baseline value, gender and ethnicity, BW
lost significance. No association was seen for BW, BMI, WC, absolute FM, %FM, android fat,
absolute FFM, %FFM, SBP, DBP, FPG, 2h-PPG, Insulin, HOMA-IR, C-Peptide, hs-CRP, TC,
LDL-C and TG. An unexpected observation was the lack of significant association between
change in en% protein and change in BW and BMI in this adjusted model (both, P>0.95). A
significance was seen in HDL-C, similar to the observed data analysis where an increase in
len%protein results in an increase of 0.005(0.001)mmol/l, P<0.001. There was also a
significance found in TC:HDL ratio showing that an increase in len%protein reduced TC:HDL
ratio by -0.008(0.003), P=0.0223. Using the food diary analysis, there was significance found in
Gl. An increase of len%protein reduced Gl by -0.284(0.036)units in this adjusted analysis,
P<0.001.

Interaction
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Similar to the observed analysis, there was no significant association between en% protein and
change in TE in the unadjusted model but in the adjusted model, a significant interaction
(en%protein*time) was observed. Baseline values and ethnicity were significant confounders

contributing to the model, whilst gender was not a significant contributor.

4.4.2.3 ITT-Multiple imputation data

Conducting a continuous analysis using multiple imputation data, the association between
changes in estimated en%protein calculated from the 4-day food record and anthropometric and
metabolic outcomes from CID2/Post LED to CID6/24m were also calculated (as shown in
Appendix F). Multiple imputation modelled without repeated measures, adjusted and unadjusted
for potential confounders, but without interaction analysis was conducted. Notably this data set
which used imputed data based on the multiple imputation principle showed very similar findings

to the observed (no imputation) data described in detail above. To highlight some key points:

i. Unadjusted
As reported for the observed (no imputation) dataset above, the unadjusted regression analysis
showed that an increase in len%protein was significantly associated with a reduction in BW
of -0.104 (0.052)kg, P=0.0706 and a trend in BMI of -0.035(0.018)kg/m?, P=0.081. Again, in line
with the observed dataset there was no significant association between en%protein and WC,
absolute FM, %FM, android fat, absolute FFM and %FFM. Also no association with change in
SBP, DBP, or glycaemic parameters FPG, 2h-PPG, AUCaglucoseTo-120m, HbA1c, Insulin, HOMA-IR,
C-Peptide. Change in CVD parameters again were non-significant for hs-CRP, TC, LDL-C and
TG, but also for HDL-C an increase in which was significantly associated with en%protein in the
observed data set. There was however still a significant association with change in TC:HDL ratio
where a len%protein decrease was associated with decrease of -0.015(0.006), (P=0.0432).
Using the food diary analysis again in agreement with the observed data analysis, an increase of
len%protein reduced Gl by -0.377(0.055)units, P<0.001, as expected based on the dietary
advice for PREVIEW. There was however no significant relationship between en% protein and

change in TE in this multiple imputation unadjusted model

ii. Adjusted
After the model was adjusted for potential confounders baseline value, gender and ethnicity, the
results were similar to the unadjusted analysis. An increase in len%protein was significantly
associated with a reduction in BW of -0.101 (0.051) kg, P=0.0749 and a trend in BMI
of -0.034(0.018)kg/m?, P=0.0876. Again, in line with the observed dataset there was no
association between en%protein and WC, absolute FM, %FM, android fat, absolute FFM and
%FFM. Also no association with change in SBP, DBP or glycaemic parameters FPG, 2h-PPG,
AUCGglucoseTo-120m, HbA1c, Insulin, HOMA-IR, C-Peptide. Change in CVD parameters again were
non-significant for hs-CRP, TC, HDL-C, LDL-C and TG. Change in HDL-C has been observed
as significantly associated with change in en%protein in the observed dataset. There was
however still a significant association with change in TC:HDL ratio where a 1en%protein decrease

was associated with decrease of -0.015(0.006) P=0.0375. Using the food diary analysis, again
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in agreement with the observed data analysis, an increase of len%protein reduced Gl
by -0.39(0.05)units, (P<0.001), as expected based on the dietary advice for PREVIEW. There
was however no significant relationship between en% protein and change in TE in this adjusted

model.

45 Discussion

This Chapter presented the results of the weight loss maintenance phase of PREVIEW:NZ,
analysed in 2 main ways. Firstly as a categorical analysis during the initial 6 months of the
intervention, where LP (<18.6en% protein) vs HP (=18.6en% protein) cut-offs were defined at
CID1/Baseline and then diet groups allocated based on the CID3/6m diet records, using an
imputed data set. Secondly as a continuous regression analysis of factors that correlate with
change in dietary en%protein throughout the full 2 years of intervention, using both observed and
imputed data sets. The various methods were used as a form of sensitivity analysis, to consider
the robustness of the findings. Also, it was not statistically valid to extend the categorical LP vs
HP analysis beyond the 6-month timepoint. The overall findings from these various modelling
approaches confirmed that continuous analysis of the imputed datasets, using both ITT-LVCF
and ITT-Multiple Imputation for missing values, generated similar results to that of the observed

data.

The two imputation models were consistent, although the standard errors using the multiple
imputation approach were slightly larger (possibly due to imputation uncertainty). Both used a
random effects mixed modelling approach where missing data from participants was incorporated
using maximum likelihood modelling. These findings confirmed that it is not always necessary to
impute missing values within a dataset, even with a high percentage of missing values such as
the current PREVIEW:NZ study where participants dropped out at various stages of the
intervention for a wide variety of reasons, before running such models (see Appendix D).
Imputation of missing values is commonly used to prevent bias in the interpretation of the data,
e.g. participants who are not doing well in the intervention dropping out early, but conversely not
all statisticians agree with this imputation approach. Following this sensitivity analysis it was
concluded that the preliminary findings from categorical LP vs HP analysis could be compared
with the findings obtained from continuous analysis using the observed data set without imputed

values.

Notably, this supported the primary hypothesis of this thesis that a higher protein, lower Gl diet
would result in better BW maintenance over 2 years. In previous studies, weight loss of at least
5% BW has been shown to result in approximately 40-70% reduction in risk of developing T2D
for those with pre-diabetes (Alibasic et al., 2013; Ferrannini, 2014; Khavandi et al., 2013; Leslie
etal., 2017). Based on this, it was a sensible target for PREVIEW:NZ to aim to maintain much of
the weight lost in the acute LED, which was at least 8% for every participant, over the following 2
years. That was likely to have a positive effect for T2D prevention. In this thesis T2D cases was
136



Chapter 4: PREVIEW:NZ: Weight Maintenance

not used as an endpoint, as it requires a very large sample size to have disease as an endpoint,
but instead in this study, PREVIEW:NZ followed some of the markers of T2D and also CVD.
Chapter 3 showed the results of acute weight loss of 28% over the 8-week LED phase of the
study. It was very successful for improvement of circulating plasma glucose and the associated
endpoints measured in PREVIEW:NZ. FPG, 2h-PPG and AUCgiucoseTo-120m for OGTT glucose
measures all decreased significantly. However, it was clear that in the 2-year ad lib diet follow-up,
this weight loss was not maintained by either HP or LP diets. There was rapid rebound from
2-months onwards in both diet groups. It was very interesting though to consider whether the
weight loss and the improvement in glucose parameters caused by the LED was completely
reversed by the end of the 2-year follow up. Despite rapid weight regain, improvement in glucose
parameters remained below the pre-trial baseline level in both diet groups. That is expected to
be an advantage to the participants, both in terms of their personal desire for weight loss and also
in terms of metabolic health. PREVIEW:NZ showed that mean FPG, 2h-PPG and AUC of the
OGTT curve glucose were all still below pre-intervention levels at 2-year follow up. Whilst BW
regain over the months may have led to disappointment and discouragement to the participants,
and very likely to be a big contributor to the high level of drop out in the study, it did not result in
return of T2D related parameters to baseline pre-diabetic levels. This may represent a big health
improvement for these men and women. By 2 years only approximately half of the participants
were still classified as pre-diabetic using the ADA criteria (American Diabetes Association, 2017),

with about 40% still normoglycaemic.

The primary objective of PREVIEW:NZ was to determine whether the higher protein, lower-Gl
diet helped to prevent weight regain versus a lower protein, higher—CHO, moderate Gl diet.
Perhaps surprisingly, and contrary to the primary hypothesis, categorical analysis of the first
6 months of the intervention found, no significant difference between LP and HP diet groups.
Both groups lost significant amounts of BW during the LED phase as expected, and both had
significant weight regain over the 22-month maintenance phase between CID2/Post LED to
CID6/24m; but with no difference in BW between the LP and HP diet groups over the 2 years of
PREVIEW:NZ. As expected, the HP group reported a lower en% CHO and Gl diet. Also as
hypothesised, the HP group reported a lower total energy intake than the LP group. This aligns
with the possibility that HP diet may result in negative energy balance and so be better for
prevention of BW regain, but as noted above, there was not significantly greater weight loss
maintenance in the HP group. One reason might be that there was also a decrease in physical
activity and therefore energy expenditure in the HP group, but that could not be tested in this

thesis.

Clearly the lack of effect of diet group does not agree with the findings of the DioGENES trial

(Larsen et al., 2010), which was both one of the early successful higher protein for weight loss

maintenance studies and also may be considered a forerunner to the international PREVIEW trial

with many of the same investigators involved with both studies. DioGENES was only a 6-month

study in total, whereas international PREVIEW study will continue for a much longer

3-year follow-up, but the 6-month analysis of the PREVIEW:NZ data in this thesis allows a
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comparison between the 2 studies. Noting though that PREVIEW:NZ diet groups were not
randomised at baseline as for DioGENES (Larsen et al., 2010), but still a comparison is useful.
DioGENES had clear evidence of better post-LED weight loss maintenance at 6 months with

higher protein, lower CHO, lower Gl than any of the other diet groups tested in this intervention.

Conversely, in agreement with the hypothesis of this thesis and the PREVIEW:NZ study, when
dietary protein intake was analysed as a continuous variable over the full 2 years of the
intervention, there was a significant relationship between en% protein in the diet and BW. Higher
protein intake was significantly correlated with lower BW between CID2/post-LED and CID6/24m,
i.e. better maintenance of weight loss. For every 1len% increase in protein intake across the
whole cohort, there was a suppression of BW regain of -0.098kg. This was not a large effect on
BW, and may well not be clinically significant. A very large change in protein intake of 10en%,
i.e. from 15en% to 25en%, was associated with approximately 1kg better BW maintenance. This
was a consistent finding in both the unadjusted and adjusted models. So higher protein does
result in better post-LED weight loss maintenance in the 2 years following acute weight loss, but
in PREVIEW:NZ cohort the effect is very small.

Comparison of the analyses can also be made for the glucose outcomes. Firstly in the 6-month
categorical analysis, not surprisingly, since there was no difference in weight regain between the
diet groups, there was also no difference in any of the glucose parameters in the higher protein
diet group. There was no opportunity to test the hypothesis that better weight maintenance would
lead to better glucose control, although that hypothesis does still seem reasonable. Also in the
continuous analysis, with no prior allocation of participants to LP or HP diet groups, there was
also no evidence that 1en% protein was associated with improved FPG, or any other glycaemic
endpoint. Perhaps this was a little surprising as the continuous analysis had shown an effect of
higher protein, lower CHO on BW, but this was not carried across to the glucose endpoints. As
noted earlier though, by the end of the 2-year follow up glucose and other metabolic endpoints
had not returned to the baseline pre-intervention levels. Although the lifestyle intervention did not
show evidence of better response to dietary protein, the acute weight loss from the LED resulted
in a big improvement in metabolic outcomes, including glucose. For example, >70% of
participants were classified as pre-diabetic at CID1/Baseline whilst 2 years later at CID6/24m only
~50% (=half) were now pre-diabetic. The LED was the main reason for this improvement, but the
lifestyle program may have helped to maintain better glucose in both low-fat intervention arms —
but with no difference between the 2 diets. Possibly both were contributing to prevention of
glucose rebound up to pre-trial rates. The design of the international PREVIEW trial, and so
PREVIEW:NZ, does not allow that to be tested as this was a lower fat-higher protein comparison
with current standard practice of lower fat-higher CHO, and there was no control arm without low-
fat intervention. Although this was not an endpoint for PREVIEW:NZ that only 12 cases of T2D
were diagnosed up to CID6/24 months, which equates to 4% after 2-years. This is much lower
percentage than would be expected based on a study such as FDPS, where T2D incidence was
23% in the control arm when compared to 10% in the intervention arm of the 3-year study
(Lindstrom et al., 2003). In the International PREVIEW trial, it was estimated that the HP group
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would decrease T2D incidence by approximately half, from a pre-trial baseline risk of ~21% to
~10% over the full 3-year intervention (Fogelholm et al., 2017). Using the figures above, after 3
years, we should be expecting n=31 (10%) to be diagnosed with T2D, however as PREVIEW:NZ
commenced their 3-year intervention in May 2018, total T2D diagnosed was only n=17 (6%). This
further improvement could be due to several reasons, including the greater weight loss goal of
>8% in PREVIEW:NZ when compared to only >5% in the FDPS (Fogelholm et al., 2017; Lindstrom
et al., 2008).

Gender

There was a majority of female (76%) in the PREVIEW-NZ study. There was a higher number of
male in the HP group (n=39/64%) when compared to female (n=110/58.5%). Using the multiple
linear regression model where en%protein was a continuous variable, gender differences were
investigated as potential confounders. As previously described, there was an inverse relationship
in both the adjusted and unadjusted model between BW and change in en%protein. In this
Chapter, we hypothesised that men would have maintained a greater body weight when
compared to women due a higher baseline BW and more FFM in men (Liang et al., 2018;
Meisinger et al., 2006); also since a higher FFM or lean muscle mass is a predictor for IR it was
also hypothesed that men would have better glycaemia than women. The results from the FDPS
supported this, with an overall 58% reduction in T2D risk for all participants, with an improved
reduction of 63% in men when compared to only 54% improved risk reduction in women
(Lindstrom et al., 2008). There was no evidence of gender effects for BW or glucose endpoints.
In this thesis however, using the continuous analysis when adjusted for gender as a potential
confounder. There were also no differences found in diet (Gl and TE) or any of the anthropometric
body composition parameters (i.e. BW, BMI, WC, FM, android fat and FFM). Both genders
regained weight over the 2-year maintenance phase. Men had a higher DBP than women, and
a lower HDL-C and higher TC:HDL ratio when holding baseline parameters and ethnicity
constant. From the Framingham study, HDL-C is protective factor against coronary heart disease
and well established to be lower, and hence less protective in women (Chapman et al., 2004;
Lemieux et al., 2001; Rolland & Broom, 2011; Rye et al., 2009). Body fat distribution, particularly
central fat distribution in men increases visceral fat and therefore IR increasing risk of T2D and
chronic conditions (Liang. et al., 2018; Meisinger et al., 2006). But there was no evidence in this
thesis. No difference was found when adjusted for other CVD parameters (i.e. hs-CRP, TC, LDL
and TG).

Ethnicity

The majority of ethnicity in this PREVIEW:NZ study was made up of Caucasian (61%) followed
by Maori/Pacific (31%) and only 8% for Other. All the participants lost BW during the LED phase
and regained weight over the 2-year maintenance phase. When using continuous multivariant
analysis, the unadjusted model found an inverse relationship between en%protein using the diet

records and change in BW. When BW was adjusted for baseline as continuous variable, and
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gender and ethnicity as potential confounders, this inverse relationship remained. When adjusted
for the difference in ethnicities as potential confounders, there was a significant difference
between the 3 ethnic subgroups, predominately between Maori/Pacific and Caucasian. In this
chapter thesis, it was correctly hypothesised that Maori/Pacific would have the highest baseline
BW. Body composition studies also showed that Maori/Pacific had more FFM with less visceral
fat than Caucasian at baseline, which has been shown to increase metabolism, improve insulin
sensitivity and glucose control (Duncan et al., 2004; Rush et al., 2007; Rush et al., 2004; Rush et
al., 2009). Also, as Asians (or Other) have been shown to have a higher percentage of FM
(Chandalia et al., 2007; Lin et al., 2009; Schutz et al., 2002; Wang et al., 1994) and therefore
increased IR, despite a lower BMI, it was hypothesised that Other group would perform worse
metabolically when compared to the other two groups. However not in agreement with the
hypothesis, the results of this thesis showed that Maori/Pacific had less success than Caucasians
and re-gained more BW. This was surprising, Maori/Pacific also did not lose more BW over the
LED phase, despite being the heaviest cohort. Possible reasons may be related to body
composition as described above, with greater FFM in Maori/Pacific which is denser and 3 times
heavier than FM (Duncan et al., 2004; Rush et al., 2007; Rush et al., 2004; Rush et al., 2009).
Another more likely reason could be the lack of compliance. As previously pointed out during the
LED phase, the standardised international PREVIEW protocol lacked a family/whanau based
education interaction. When assessing the diet records, the increase in BW re-gain is reflective

of the trend with an increase in TE in Maori/Pacific when compared to Caucasian.

In the regression model in line with high BW re-gain, Maori/Pacific re-gained more FM than
Caucasian but not FFM. Reflective of the increase in FM, Maori/Pacific also gained more android
fat when compared to the Caucasian group. The increase in FM and visceral fat increases IR,
but an increase in FFM would be expected to increase insulin sensitivity. As per previous body
composition studies, Maori/Pacific have an increased FFM when compared to Caucasian which
is more protective to IR (Rush et al., 2007; Rush et al., 2004; Rush et al., 2009). Despite this
however, Maori/Pacific have >2 times risk of developing T2D when compared to Caucasians
(Ministry of Health, New Zealand Health Strategy, 2016; Coppell et al., 2013; Krebs et al., 2013;
Tipene-Leach et al., 2013); likely due to a higher absolute BW. In New Zealand, 1 in 3 adults
were overweight, from which 32% were obese. Over half (50.2%) of Maori adults were obese
and 68.7% of Pacific adults were obese, compared to 30.5% in Caucasian and 14.8% in Asian
(Ministry of Health, 2017).

In the regression model, no ethnicity differences were found in most glycaemia endpoints (i.e.
FPG, 2h-PPG, AUCGglucoseTo-120m, Insulin and HOMA-IR). However, Maori/Pacific had a higher
HbAic by 0.626mmol/mol, while holding baseline BW and gender constant. Maori/Pacific also
had a higher increase in C-Peptide, which is reflective of IR and risk of developing T2D (Jung et
al.,, 2018). Other metabolic parameters showed no difference in LDL-C, TG and TC:HDL ratio
when adjusted for ethnicity in the continuous analysis. Surprisingly, Maori/Pacific had a lower

TC, a trend for lower LDL-C plus as expected a lower HDL-C when compared to Caucasians.
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Strengths and Limitations

There were a number of strengths and limitations of the PREVIEW:NZ study and so the findings
of this thesis. One strength of this thesis is that the Auckland intervention was part of a
randomised controlled multi-centre intervention with a carefully designed protocol to follow for
both inclusion of participants, diet recommendations and also the day to day running of the
intervention. Standardised SOPs were used to try to ensure that all 8 study sites followed the
same procedures throughout the trial. However due to the ‘locked’ data set and inability to identify
randomised diet groups until after the ‘unlock’ date in October 2018, it was not possible to analyse
the participants in their randomised diet groups. Instead, the PREVIEW:NZ cohort were divided
into the two protein diet groups, LP vs HP, based on their reported 4-day food diary data at the
6-month CID (CID3/6m). This was the first assessment of diet made during the weight
maintenance phase, and so was thought to be a reasonable way to allocate diet group, making
the assumption that those who had higher protein intake at 6 months were likely to be receiving
advice from the PREVIEW:NZ dietetics team on increasing protein intake (limit red meat and
processed meat). Conversely those who reported a lower protein intake at 6 months were likely
to be receiving advice from the PREVIEW:NZ dietetics team on decreasing protein intake. It was
not possible however to verify this whilst research was ongoing for this thesis. The cut-off for LP
and HP was determined by calculating the mean intake at baseline, i.e. the reported habitual diet
of the participants before they started the diet intervention or received any advice from
PREVIEW:NZ dietetics team. Other publications have used a range of values for LP and HP
(Keller, 2011; Pesta & Samuel, 2014), with recommendations that 1.2g/kg BW may be an
appropriate level for HP (Westerterp-Plantenga et al., 2012), and there were a number of different
ways that this could have been allocated in PREVIEW:NZ. For example, it an alternate approach
could have been using the New Zealand average protein intake based on the most recent adult
diet survey data (Parnell et al., 2011), where mean energy from protein was 16.5 en% for both

male and female with little variation across age groups (Parnell et al., 2011).

Although physical activity was also a factorial within the international PREVIEW trial, this was not
included in the current analysis of PREVIEW:NZ and again the data remains locked until end of
2018. No proxy measures of exercise were available to estimate actual activity, as was done for
the categorical diet data. Notably, both exercise groups had the same energy expenditure level
as the target but different ways of achieving this expenditure, i.e. either low level activity for a long
time period each week, or high level activity for a short period each week. Hence the data

presented in the thesis is for diet only.

As noted above, PREVIEW:NZ compared 2 active diet arms with each other, i.e. standard/current
best practice with novel higher protein approach. There was no control arm, without diet
intervention. This limits some of the interpretations that can be made. It might be hypothesised
that both resulted in better glucose control at 2 years than would have occurred without dietary
advice and counselling sessions with the PREVIEW:NZ dietetics research team. Another
limitation of this thesis Chapter was that no OGTT data was collected at CID2/Post LED. This
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was a decision made by the international PREVIEW consortium. It was in order to not further
increase the burden on participants who already had a complicated study protocol to follow, with
long CID visits and ‘homework’ to complete before each clinic visit. Hence PREVIEW:NZ also
followed this protocol with OGTT only at CID1/Baseline and CID3/6m. It seems very likely that
the post-LED 2h-PPG glucose response would have improved along with the 8% BW loss at the
end of the 8-week LED, based on other published studies (Jackness et al., 2013; Leslie et al.,
2017; Taylor et al., 2017).

There were also practical aspects of the Protocol that might have improved outcomes for
PREVIEW:NZ. For example, steps that might have been put in place to prevent weight regain.
There was no ‘rescue plan’ or titration from the LED over a set time, unlike for example the recent
DIRECT study in T2D patients; where there was an option to access follow-up support as well as
return to the LED meal replacement plan or even weight loss drugs such as Orlistat to try to
improve the weight maintenance (Lim et al., 2011; McCombie et al., 2017; Taylor et al., 2017,
Zhyzhneuskaya et al., 2017). Another limitation was the prescriptive clinical based support which
was very much ocused on the individual participant. Unlike the New Zealand traditional
family/whanau based support that is used in healthcare and also some public health lifestyle
interventions (Henwood, 2007; Krebs et al., 2013; Tipene-Leach et al., 2013); with the
involvement of the family to promote family based changes, support and suggestions. Finally,
PREVIEW:NZ followed a fading visit design, where the time period between diet counselling
sessions expanded as the study went on. At the beginning of the LED, participants came for
counselling and support every 2 weeks. At the end of the study they came only every 6 months,
That did not help to prevent drop-outs, and maybe another reason why many PREVIEW:NZ
participants dropped out of the study before the end of 2 years. There are several studies which
have shown that regular attendance and support with any type of diet intervention
recommendation may result in success. Where attendance or any other factors that can push up
adherence is more important rather than the composition of the diet advice itself (Tobias et al.,
2015). This has sometimes been termed ‘The best weight loss diet is the one that you can stick
to’. This is being investigated further in early clinical studies where the intervention is based on
‘Patient Preference’, where the alternative design is to optimise motivation by ascertaining
patients' preferences, e.g. higher protein when assigned to lower protein or intermittent fasting
(Brewin & Bradley, 1989; McCaffrey et al., 2007; Wing et al., 2001). The high drop-out rate in
PREVIEW:NZ was worst in Maori/Pacific cohort (Appendix D: Dropout rates). Perhaps that lack
of family based structure made staying in the trial more difficult for these individuals than other
ethnicities such as European Caucasians or Asian New Zealanders. Notably New Zealand was
the only study centre in the international PREVIEW study that had varied ethnicities. All of the
European sites and even Australia have reported interim results based largely on European
Caucasian ethnicity (Raben et al., 2017).

Diet records are known to be unreliable, particularly in O/W and obese population. Ideally urine

nitrogen losses should be used to calculate dietary N intake, as an estimate for reporting
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accuracy. Urine samples were analysed at central PREVIEW lab. However, the data was not

available as the trial is still ongoing.

4.6 Conclusions

Following the 8-week LED weight loss phase, this Chapter showed that weight was regained over
the 2 years of weight maintenance phase, using categorical and continuous multivariant analysis.
The categorical analysis showed that weight regain, improvements to anthropometric (BW, BMI,
WC, FM, android fat, FFM, BP) and glucose parameters (FPG, 2h-PPG, AUCglucoseTo-120m Of the
OGTT glucose curve, HbAic) remained below the pre-trial baseline level in both LP and HP

groups with no differences the two diet groups.

Using the continuous analysis, a higher protein, lower Gl and low fat intake was beneficial to BW
and FM maintenance in the unadjusted model (increase of 10en%protein results in BW loss of
~1kg). When adjusted for gender and ethnicity, there was no differences between gender for diet,
anthropometric and metabolic parameters, except that men had a slightly higher DBP, HDL-C
and TC:HDL ratio than women. During the weight maintenance phase, Maori/Pacific gained more
BW, FM and android fat than Caucasians. No difference was found in glycaemia (FPG, 2h-PPG,
AUC, Insulin, and HOMA-IR), however, Maori/Pacific had a worse HbAic and C-Peptide when
compared to Caucasians. Overall, Maori/Pacific did not do as well as Caucasians, contrary to

the thesis hypothesis for both BW re-gain and glycaemia.

In summary, the clinical significance of the weight loss was clear in terms of health benefits
following the LED weight loss phase. However, there was no clinical significance between protein
groups in the weight loss maintenance phase. The anthropometric and metabolic benefits
remained at 2 years despite weight re-gain when compared to pre-trial baseline levels, as shown
in other weight management studies (Dale et al., 2009a; Lean. & Hankey., 2018; Leslie et al.,
2017). The effects of weight loss were important, and along with the support around weight loss
maintenance (i.e. group visits, CID, phone call follow-up, social media support) greatly contributed
to prevent the anthropometric and metabolic parameters from returning to pre-trial baseline. The
practical significance of the increase in 10en%protein leading to ~1kg BW loss is low. Dietary
protein messaging can be confusing for the general public. Promoting increase in protein usually
also equates to an increase in total fat intake e.g. eggs, salmon, chicken. Practically, it is difficult
to modify a single macronutrient component without affecting other macronutrients. When
educating patients or the general public, it is important to keep the advice simple and
easy-to-follow.  Confusion around making changes based on en%protein and other
macronutrients is a difficult public health approach and not recommended. Instead, advice
around adjustments to the diet, including consideration of individual patient preference, but taking
into consideration the evidence around increased satiety effects of protein maybe a better

practical approach.
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Chapter 5 Determining Glycaemic Index (Gl) of New Zealand
Kumara — a PREVIEW substudy

Sweet Potato or ‘kumara’ (Ipomoea batatas) is a popular dietary item; ranked seventh among all
food crops worldwide with an annual production of 115 million metric tons. Kumara are a rich
source of energy (377kJ/100g), carbohydrates, dietary fibre, anti-oxidants, vitamins (meet 100%
recommended daily allowance for Vitamin A, 49% RDA for Vitamin C) and minerals (provides
10% RDA for iron and 15% RDA for potassium) (Bovell-Benjamin, 2007; Fernandes et al., 2005;
Lebot, 2010; Mohanraj & Sivasankar, 2014; Teow et al., 2007; vegetables co nz, 2018). They
are commonly consumed within the New Zealand diet, and were an important food item for
participants in PREVIEW:NZ.

Gl is a physiological response of BG to a food, and is defined as the area under the curve (AUC)
of circulating BG after the test food is eaten. A L-Gl is defined as a rating of 55 units or below; a
H-Gl is defined as above 70 units. Inclusion criteria were participants who are lean
(BMI 18.5-29.9kg/m?), healthy (no diagnosed chronic conditions), men or women, aged 18-65
years, and healthy by self-report (Wolever et al., 2003; Wolever. et al.,, 1991). Those with
impaired glucose tolerance/T2D were excluded from the study. Study participants were recruited
from the Auckland region by advertising on University campus. This was a 6-arm randomized,
crossover, dietary intervention study conducted in 10 individuals, using a Latin-square
randomisation. Twelve participants were recruited, in order to ensure 10 participants completed
the full study. Each participant was tested in random order on separate days. Each study day
was separated by a minimum of 3 days washout. Due to intra- and inter-individual variation,
outliers are defined as three or more standard deviations above the mean (Knox & Ng, 1998;
Leys et al., 2013).

Physiological testing is required to assign a Gl value to each individual food item. Of note is the
contradictory published data for kumara. In the 1995 International Table of GI, kumara was
assigned a L-GlI of 44 units (Foster-Power & Miller., 1995); whereas in 2002, it was assigned a
Gl of 77 (high GI) (Foster-Power et al., 2002); both using a reference standard of 50g glucose.
An International resource ‘www.glycaemicindex.com,” which is widely used in dietary trials and
clinical practice, now assigns kumara a L-Gl of 50 units (University of Sydney, 2017). In New
Zealand, kumara is grown in abundance and is used as a staple CHO source (vegetables co nz,
2018). Yen published a paper on the adoption of kumara by the New Zealand Maori in 1961,
showing that kumara was the major cultivated crop plant of the New Zealand Maori at the time of
the early European contacts (Yen, 1961). The kumara tradition was introduced to New Zealand
from tropical Polynesia in the 14t Century A.D, making kumara a wide tradition for the Pacific
and the Maori population and culture (Cambie & Ferguson, 2003; Rossel et al., 1999; Yen, 1961).
Traditionally, Maori people use kumara in a hangi (traditional feast steam cooked under the

ground) or boiled in casseroles or ‘boilups’ (Bovell - Benjamin, 2007; Cambie & Ferguson, 2003;

Lebot, 2010). New Zealanders still boil or roast kumara, as a primary source of CHO intake,
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especially in the Maori and Pacific population (Cambie & Ferguson, 2003; Rossel et al., 1999;
vegetables co nz, 2018; Yen, 1961).

Due to the availability and use of kumara in New Zealand, there was a need to conduct this
substudy in order to determine the Gl value of this high CHO source. Advice to participants in
the LP group was M-GI, whilst in the HP group it was L-GI (Fogelholm et al., 2013; Fogelholm et
al,, 2017). In New Zealand, there are different varieties of kumara commercially available
(vegetables co nz, 2018). The most common is ‘Red’ the red-skinned, ‘Owairaka Red’, which has
a creamy white flesh; the ‘Gold’ golden kumara, ‘Toka Gold’ has a golden skin and golden flesh
with a sweeter taste; lastly the least common is the orange kumara, ‘Beauregard’, which has a
rich orange flesh and sweeter than both ‘Red’ and ‘Gold’. The nutritional content of kumara is
only available for one variety ‘red’ with 17.5g carbohydrates per 100g (Plant and Food Research
& Ministry of Health, 2016). There is no consistent Gl data available for kumara varying from L-GI
(Gl 44) in 1995 to H-GI (GI 77) in 2002 with no variability with different varieties (Foster-Powell &
Miller, 1995; Foster-Powell et al., 2002). In this chapter, two kumara and Gl sub-studies were
conducted to investigate the Gl of kumara and compare this to standard potato (peeled). In the
PREVIEW study, we investigate whether a HP (HP), and L-GlI diet is efficacious for weight loss
maintenance.

The first study used available CHO content calculated ‘KumaraGlcalculated. Available CHO
content was calculated from The Concise New Zealand Food Composition Tables 2016 (Plant
and Food Research Limited & Ministry of Health, 2016). Gl testing was conducted using the
International Gl methodology where a standardised (50g) content of available CHO of a food is
compared with 50g monosaccharide glucose; and BG changes measured over 2 hours (Atkinson
et al., 2008; Brand-Miller et al., 2008; Brouns et al., 2005). The second study used available CHO
content analysed ‘KumaraGlanalysed’ using an International Standards Organisation accredited
(ISO/IEC 17025) food analysis company, AsureQuality Ltd.

5.1 Aim and Hypotheses

The aim of this thesis chapter was to conduct two substudies to investigate the Gl of different
varieties of kumara, prepared and consumed under different conditions including cold vs. hot and

skin vs. no skin, compared with a standard potato (peeled).

The primary hypothesis was that kumara has a lower Gl than standard potato (peeled) and hence

appropriate to be recommended as a L-Gl food option for the PREVIEW-NZ study participants.
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The secondary hypotheses were that:
- cooked and cooled kumara was lower in Gl than hot kumara; due to the change in
resistant starch
- kumara with intact skin was lower in Gl than peeled kumara; due to the additional dietary

fibre content

To test these hypotheses 2 kumara and Gl substudies were conducted in healthy individuals.
Firstly available CHO content of kumara and standard potato were calculated; secondly available

CHO content were measured by an accredited local food analysis company.

5.2 Methods

Human ethical approval for the PREVIEW substudy, Kumara and Gl study was obtained from
University of Auckland Human Participants Ethics Committee (UAHPEC) reference number:
0151109.

5.2.1 Participants

Participants were lean healthy adults, with inclusion criteria described in Chapter 2.14.

5.2.2 Study Protocol
This was a 6 arm randomized, crossover, dietary intervention study to be conducted in
10 individuals.

The 6 arms of the study were:

i. sweet potato/kumara variety #1, served hot — red hot (rk/h)

ii. sweet potato/kumara variety #2, served hot — golden hot (gk/h)

iii. sweet potato/kumara variety #3, served hot — red with skin hot (rk/hs)

iv. sweet potato/kumara variety #1, served cold — red cooled (rk/c)

v. standard potato, served hot — (p/h)

vi. 50g glucose, control — glucose control (c)

Participants completed a 2-hour Gl test on 6 occasions, comprising 5 test foods and a glucose
control. There was a minimum of 3 days washout between each test day. Participants arrived
fasted at the HNU at 0830h. They were seated in individual testing booths and fasting blood
glucose (0 mins) assessed using a capillary fingerprick monitor. At 0900h the test food or glucose
control was consumed. Follow up FP samples were measured on 6 occasions over the next
2 hours at 15, 30, 54, 60, 90 and 120 mins. Participants were allowed no other foods or water
during the test, and were required to remain seated through the 2 hour testing period. They were

not allowed to sleep.

5.2.3 Study 1: Gl and Kumara, KumaraGlcalculated

In study 1, the available CHO content of kumara and standard potato were calculated using data
provided by the NZ Institute for Plant and Food Research Ltd (Plant and Food Research, 2009;
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Plant and Food Research Limited & Ministry of Health, 2016). The weight of food calculated to
provide 50g of available CHO is shown in Table 39.

Test Protocol A: Hot - following calculation, 50g available CHO equated to 250g weight of raw
kumara and 285g weight of raw standard potato, cut into 2cm cubes, placed in a plastic container,
1 teaspoon of water added and a plastic lid placed lightly on top, and cooked in a 1000 watt
microwave for 3 min 30 seconds on high (100%). The food was then removed from the microwave
and placed on the benchtop for 8 minutes, and then served to the participant. Test Protocol B:
Cooled — As for Protocol A, the food was then removed from the microwave and placed on the
benchtop for 45 minutes until cooled, and then served to the participant. Test Protocol C - Peeled:
The test food was peeled to remove the skin. The peeled test food was then cut and cooked as
per Protocol A and B. Test Protocol D (control): 50ml of monosaccharide glucose syrup was

given as the reference control food.

Participants were given instruction for the day prior and the day of the test to avoid smoking, no
abnormal or excessive exercise, no excessive alcohol consumption and no excessive nutrient
intake e.g. CHO and fat (Brouns et al., 2005; Wolever. et al., 1991). Capillary fingerprick BG was
measured using the Caresens N (CareSens, Pharmaco, Korea) BG device. All devices were
tested using the three CareSens N calibration control solutions covering high (13-20mmol/l),
moderate (7-12mmol/l) and low BG (2.5-4.5mmol/l).

Table 39: Weight of food required to provide 50g available CHO: calculated values

Test Food Abbreviation Weight (g) Available CHO Test Protocol
(9
Red Kumara, Hot rk/h 250 50 A C
Gold Kumara, Hot gk/h 250 50 A, C
Red Kumara, Hot Skin rk/hs 250 50 A
Red Kumara, Cool rk/c 250 50 B, C
Standard Potato, Hot p/h 285 50 A, C
Glucose control (ml) c 50 50 D

rk/h, red kumara hot; gk/h, gold kumara hot; rk/hs, red kumara hot with skin; rk/c, red kumara cool; p/h, standard potato
hot; c, glucose control

5.2.4 Study 2: Gl and Kumara, KumaraGlanalysed

In study 2, analysis of the available CHO content of the test food was conducted for red kumara
(rk), golden kumara (gk) and standard potato (p) at an accredited (ISO/IEC 17025) food analysis
company, AsureQuality Ltd (131 Boundary Road, Blockhouse Bay, Auckland, New Zealand). The
weight of food required to provide 50g available CHO is shown in Table 40. The results from the

analysis is summarized in Table 41.
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Table 40: Weight of food required to provide 50g available CHO: measured values

Test Food Abbreviation Weight (g) Available CHO (g) Test Protocol
Red Kumara, Hot rk/h 183 50 A, C
Gold Kumara, Hot gk/h 185 50 A, C
Red Kumara, Hot Skin rk/hs 170 50 A
Red Kumara, Cool rk/c 183 50 B, C
Standard Potato, Hot p/h 352 50 A C
Glucose control (ml) c 50 50 D

rk/h, red kumara hot; gk/h, gold kumara hot; rk/hs, red kumara hot with skin; rk/c, red kumara cool; p/h, standard potato
hot; c, glucose control

Table 41: Analysis of Test Food

AsureQuality reference: 16-51301
CHO by difference — Calculated via IANZ
Energy — 1.2.8 FSANZ Food Standard Code IANZ

Protein, via Kjeldahl

Fat (SBR), 07-IN-HOUSE_Method

(rk) 1. Red Kumara without skin - CHO by difference 27.3%, Energy 491 kJ/100 g, Protein 0.9%,
Fat 0.3%

(gk) 2. Gold Kumara without skin - CHO by difference 27.1%, Energy 482 kJ/100 g, Protein 0.8%,
Fat 0.2%

(rk/s) 3. Red Kumara with skin - CHO by difference 29.4%, Energy 523 kJ/100 g, Protein 0.9%,
Fat 0.2%

(p) 4. Potato without skin - CHO by difference 14.2%, Energy 286 kJ/100 g, Protein 2.4%, Fat
0.1%

CHO; carbohydrates, measured as percentage; IANZ, International Accredited New Zealand; FSANZ, Food Standards
Australia and New Zealand; Energy kJ/100g, Protein, measured as percentage; Fat, measured as percentage

Test Protocol A: Hot - following calculation, 50g available CHO equated to 183g weight of raw red
kumara with no skin (rk/h), 185g weight of golden kumara with no skin (gk/hs), 170g weight of red
kumara with skin left on (rk/s) and 352g weight of raw standard potato (p/h), cut into 2cm cubes,
placed in a plastic container, 1 teaspoon of water added and a plastic lid placed lightly on top,
and cooked in a 1000 watt microwave for 3 min 30 seconds on high (100%). The food was then
removed from the microwave and placed on the benchtop for 8 minutes, and then served to the
participant. Test Protocol B: Cooled — As for Protocol A, the food was then removed from the
microwave and placed on the benchtop for 45 minutes until cooled, and then served to the
participant. Test Protocol C - Peeled: The test food was peeled to remove the skin. The peeled
test food was then cut and cooked as per Protocol A and B. Test Protocol D (control): 50ml of

monosaccharide glucose syrup was given as the reference control food.

As for study 1, prior to the test, participants were given instruction for the day prior and the day of
the testing to avoid smoking, no abnormal or excessive exercise, no excessive alcohol
consumption and no excessive nutrient intake e.g. CHO and fat (Brouns et al., 2005; Wolever. et
al., 1991). Capillary fingerprick BG was measured using the Caresens N (CareSens, Pharmaco,
Korea) BG device. All devices were tested using the 3 CareSens N calibration control solutions

covering high (13-20mmol/l), moderate (7-12mmol/l) and low BG (2.5-4.5mmol/l).
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5.3 Statistical Analysis

The AUC for glucose T0-120mins, delta change glucose, and iAUC was calculated using
GraphPad PRISM (GraphPad PRISM 7.0) statistical software. The statistical significance
between the 6 treatments was assessed using ANOVA for study 1 and study 2, and post hoc
testing was performed using Tukey’s pair-wise comparisons, at baseline and 15, 30, 45, 60, 90
and 120 min. Comparison of the glucose control between Study 1 and Study 2 was conducted
using one-way ANOVA and post hoc testing was performed using Sidak multiple comparisons (to
compare the set of means from both studies), at baseline and 15, 30, 45, 60, 90 and 120 min.

Statistical significance was allocated as P<0.05.

5.4 Results

5.4.1 Results from Study 1 KumaraGlcalculated

The baseline characteristics of the 10 participants who completed Study 1 are presented in Table
42, and included 8 women and 2 men. All participants completed all 6 arms of the study, and
there were no dropouts. Participants were young, lean and healthy. Ethnicity was 60%
Caucasian, 20% Chinese and 20% Indian. Mean (SD) age was 26.9(6.3) years. Mean (SD) BW
was 64.6(8.7)kg with a mean (SD) BMI of 22.9(2.1)kg/m?. All participants had normoglycaemia
with a mean (SD) FBG of 4.7(0.4)mmol/l (Table 42).

Table 42: Baseline Characteristics (n=10)

KumaraGlcalculated Mean+SD (range)
Age (years) 26.9+6.3 (21-35)
Gender 80% women, 20% men
Ethnicity 60% Caucasian, 40% Asian
BW/(kg) 64.68.7 (52.0-82.0)
Height (m) 1.70+0.05 (1.6-1.78)
BMiI(kg/m?) 22.9+2.1 (20.2-27.4)
FBG (mmaol/l) 4.7+0.4 (4.0-5.3)

MeanzSD, BW, body weight; BMI, body mass index; FBG, fasting blood glucose

Figure 53 shows individual capillary BG (mmol/l) data for the 10 participants who consumed all
5test foods and the reference glucose control. All participants were confirmed to be
normoglycaemic at the start of each study day, and all demonstrated an increase in BG in
response to consumption of each test food and the glucose reference. The peak in BG in
response to the 5 test foods occurred at between 15 to 60 minutes with an increase up to
12mmol/l, compared to the baseline FBP of <6mmol/l. At the end of the Gl test, most participants
had returned to close to fasting levels, which was expected in normoglycaemic participants.
There was no evidence of any outlier(s), with results greater than 3 standard deviations from the
mean; therefore all participants were included in the iIAUC analyses. The dotted line represents
the glucose control curve for each individual, again highly variable between individuals, with a
peak in BG curve of between 7-11mmol/l. Some individuals (e.g. KS4104, SC4108) had very little
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increase in BG in response to the glucose challenge, likely a result of good insulin sensitivity.
Most participants (e.g. JS4107, RC4110) showed a greater increase in BG following the glucose
control when compared to individual test foods, however in many individuals (e.g. JG4101,
LS4102, AL4103, KS4104) JB4105, JS4106, SC4108 and AT4109) where the BG peak following
the test foods was higher than the glucose control, which was unexpected. This may have been
due to incorrect food composition data (available CHO) and hence weight of test food presented

to the participants. Notably this was not observed in all individuals.
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Figure 53: Capillary BG changes in response to 5 test foods plus glucose control (shown as dotted lines) n=10 individual participants

rk/h, red kumara hot (shown with closed square m); gk/h, gold kumara hot (shown with closed inverted triangle ¥); rk/hs, red kumara hot with skin (shown with closed triangle A ); rk/c, red
kumara cool (shown with closed diamond &); p/h, standard potato hot (shown with open circle o); ¢, glucose control (shown with closed circle and dotted line)
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Table 43 shows the mean (SEM) capillary BG for each of the test foods at baseline, after 15, 30,
45, 60, 90 and 120 minutes. The mean (SEM) FBG ranged from 5.0(0.1) -5.3(0.1)mmol/l, and

was within the healthy fasting BG range.

Table 43: Mean (SEM) capillary BG for the 5 test foods and glucose control at 0, 15, 30, 45, 60, 90
and 120 minutes

c rk/h gk/h rk/hs rkic p/h
TO 5.0(0.2) 5.2(0.1) 5.0(0.1) 5.3(0.1) 5.0(0.1) 5.0(0.1)
T15 7.3(0.4) 7.5(0.4) 6.8(0.3) 7.5(0.3) 7.4(0.3) 7.1(0.3)
T30 8.5(0.5) 8.7(0.4) 7.8(0.4) 8.6(0.3) 8.1(0.3) 8.0(0.5)
T45 8.4(0.6) 8.2(0.4) 7.7(0.4) 8.0(0.4) 7.4(0.3) 7.0(0.4)
T60 7.8(0.5) 7.4(0.4) 6.8(0.5) 7.3(0.4) 6.8(0.4) 6.1(0.3)
T90 6.8(0.5) 6.4(0.4) 5.8(0.4) 6.3(0.4) 6.2(0.4) 5.1(0.1)
T120 5.2(0.3) 5.5(0.2) 5.2(0.2) 5.7(0.2) 5.3(0.2) 4.8(0.1)

Mean (SEM); c, glucose control; rk/h, red kumara hot; gk/h, gold kumara hot; rk/hs, red kumara hot with skin; rk/c, red
kumara cool; p/h, standard potato hot;

Figure 54 shows individual capillary BG delta change from baseline, where the range between
individuals was from -1.5 to 6.3mmol/l, for the different test foods. The two participants (e.g.
KS4104, SC4108) with little increase in BG, possible due to good insulin sensitivity, is more
prominently seen in this figure, where neither participants exceeded 4mmol/l above the FBG, and
returned to FBG level at 120 min. Figure 54 also shows that 17/50 or 34% of the calculated
glucose AUC for the test food was greater than the glucose control, as displayed by the dotted
lines. This indicates that the calculated amounts of available CHO may have been inaccurate,
which in turn may have led to >50¢g being presented within the test foods to the participants.
Figure 54 showed individual capillary BG, delta change from baseline for the 5 different test foods
plus glucose control, n=10. Figure 55 shows calculated glucose IAUC for the each of the 6 test

food.
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Figure 54: Capillary BG, delta change from baseline for the 5 different test foods plus glucose control, n=10 individuals

rk/h, red kumara hot (shown with closed square m ); gk/h, gold kumara hot (shown with closed inverted triangle ¥ ); rk/hs, red kumara hot with skin (shown with closed triangle A ); rk/c, red
kumara cool (shown with closed diamond &); p/h, standard potato hot (shown with open circle o ); ¢, glucose control (shown with closed circle and dotted line)
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Figure 55: Change in BG for each of 6 test foods, n=9 (minus outlier) individuals, test food greater than
glucose curve shown as per dotted line)

RW4111 (closed circle); AL4113 (closed triangle); KS4114 (closed inverted triangle); AW4115 (closed
diamond); AZ4116 (open circle); NR4117 (open square); AT4118 (open triangle); FR4119 (open inverted
triangle); SC4120 (open diamond)

The IAUC for BG in the 10 participants is shown in Table 44. The mean iAUC shows
inter-individual variation, with 50% of the participants (5/10) with unexpected iAUC test food
results greater than their respective glucose control (LS4102, JB4105, NR4106, SC4108,
AT4109). There was no pattern or consistency to these results. The incremental area under the
glucose curve at time 0-120min using one way ANOVA showed significance between glucose
control and test food, as shown in Figure 56 (P=0.0230) with no statistical differences shown in

post hoc analysis. However, there may still be differences
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Table 44: Incremental Area Under the Curve (iIAUC) (mmol/l * min) for the 10 participants at time 0-120
min

Participant no. c rk/h gk/h rk/hs rkic p/h

1 (JR4101) 225.6 127.2 169.5 120.9 171.8 95.1
2 (LS4102) 393.0 420.0 291.0 495.8 343.5 279.8
3 (AL4103) 433.5 228.0 330.8 186.0 175.3 735
4 (KS4104) 187.5 123.0 96.0 1104 98.25 99.8
5 (JB4105) 154.5 79.9 166.5 184.5 234.8 142.5
6 (NR4106) 147.7 202.1 126.1 210.0 179.3 173.3
7 (JS4107) 327.0 180.8 76.5 206.3 124.5 84.0
8 (SC4108) 102.8 255.8 175.5 105.0 126.8 167.3
9 (AT4109) 2315 339.8 162.5 252.0 300.0 93.0
10 (RC4110) 418.5 302.1 237.8 225.0 224.1 232.9

¢, glucose control; rk/h, red kumara hot; gk/h, gold kumara hot; rk/hs, red kumara hot with skin; rk/c, red kumara cooled;
p/h, potato hot

Table 45 shows the GI units calculated using IAUC for the individual participants as per
International GI methodology (Chapter 1.5.8). 50% of the 10 participants had at least one Gl
value greater than 100, when compared to the glucose control. The Gl for rk/h ranged from 52
to 249 units, gk/h ranged from 51 to 171 units, rk/hs ranged from 43 to 142 units, rk/c ranged from
38 to 152 units and p/h ranged from 17 to 163 units. This wide variation resulted in a standard
deviation (SD) of between 36 to 63 units and the SEM between 11.4 to 20.1 units (Figure 56).
The highest mean (SD) Gl food was rk/h being 99.4(63.5) units. Literature shows that changes
to cooking process, increasing dietary fibre and change in resistance starch decreases overall
Gl. To ensure consistency, the cooking process was standardised, however, increasing dietary
fibre by keeping the kumara skin on (rk/hs) when compared to rk/h tended to reduce the Gl to
87.1(36.1) units (ns). Consumption of the cooked red kumara cold (rk/c) by delaying holding time,
expected to change the resistance starch composition and reduced the Gl to 87.3(41.6)units.
Different varieties of kumara also had a different Gl. The gk/h had a lower mean (SD) Gl of
79.0(39.3) units when compared to the rk/h. Overall, p/h had the lowest Gl of 67.7(45.0)units,
classified as M-Gl and lower Gl than all of the kumara varieties.
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Table 45: Gl (units) calculated using the iAUC BG in 10 participants

Participant no.  rk/h gk/h rk/hs rk/c p/h P value
1 (JR4101) 56 75 54 76 42

2 (LS4102) 107 74 126 87 71

3 (AL4103) 53 76 43 40 17

4 (KS4104) 66 51 59 52 53

5 (JB4105) 52 108 119 152 92

6 (NR4106) 137 85 142 121 117

7 (3S4107) 55 23 63 38 26

8 (SC4108) 249 171 102 123 163

9 (AT4109) 147 70 109 130 40

10 (RC4110) 72 57 54 54 56

Mean 99.4 79.0 87.1 87.3 67.7 0.6333
SD 63.5 39.3 36.1 41.6 45.0

SEM 20.1 12.4 11.4 13.2 14.2

rk/h, red kumara hot; gk/h, gold kumara hot; rk/hs, red kumara hot with skin; rk/c, red kumara cooled; p/h, potato hot,

Figure 56 showed a significance when comparing iAUCaiucoseto-120m ON different test food but post
hoc analysis found no significance. Figure 57 showed the GI for each of the test food when
compared to the glucose standard as control. The highest Gl was the rk/h and the lowest Gl was
p/h. Data from study 1 showed that 34% (17/50) of test foods unexpectedly generated an iAUC
greater than the glucose control reference (see Figure 54). If this data was valid, it would indicate
the 50g available CHO from the kumara/potato test food resulted in a higher BG response than
50g glucose control solution. A number of possible reasons may explain this discrepancy,
including (i) unexpected high intra-individual variation, or (ii) inaccurate data for available CHO
content of kumara published within the New Zealand Concise Composition Table. In order to test
the second hypothesis, a second study was then conducted using the identical International
protocol. For this study, there was a need to analyse the test food using an accredited company
to determine the measured CHO content of the test food. Results are presented in

KumaraGlanalysed (Chapter 5.4.2).
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Figure 56: Incremental area under the glucose curve at time 0-120 repeated measures using one way
ANOVA (P<0.05) and Tukey's test (ns), n=10 individuals, (MeantSEM). c, glucose control; rk/h, red
kumara hot; gk/h, gold kumara hot; rk/hs, red kumara hot with skin; rk/c, red kumara cooled; p/h, potato
hot, One way ANOVA, P=0.0230, Tukey’s test, ns
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Figure 57: Gl using one way ANOVA (ns) and Tukey's test (ns); n=10 individuals, (Mean+SEM);
Gl, Glycaemic Index; rk/h, red kumara hot; gk/h, gold kumara hot; rk/hs, red kumara hot with skin;
rk/c, red kumara cooled; p/h, potato hot, One way ANOVA, P=0.6333, Tukey's test, ns

5.4.2 Results from Study 2, KumaraGlanalysed

The baseline characteristics of the ten participants who completed Study 2 are presented in Table
46 and included 8 females and 2 males (Table 46). All participants completed all 6-arms of the
study, and there were no dropouts. Participants were young, lean and healthy. Ethnicity was
60% Caucasian, 30% Chinese and 10% Indian. Mean (SD) age was 25.1(6.5) years. Mean (SD)
weight was 62.3(7.6) kg with a mean (SD) BMI of 22.1(1.7) kg/m2. All participants had
normoglycaemia with a mean (SD) FBG of 5.3(0.2) mmol/l (Table 46). The individual capillary
BG (mmol/l) for the 10 participants for KumaraGlanalysed, is shown in Figure 58. The dotted lines
represent the glucose control for comparison with the test food. Participant AD4112 had an
unusually low BG response to the control arm when compared to the other test foods with no
clear glucose peak. There was a need to determine this as an outlier where iIAUC was =3 SD of
the mean (Figure 59). This individual was excluded from the group analysis, hence all data

presented in this section is for n=9 participants.
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Figure 58: Capillary blood glucose changes in response to 5 test foods plus glucose control (shown as dotted lines) n=10 individuals.

rk/h, red kumara hot (shown with closed square m ); gk/h, gold kumara hot (shown with closed inverted triangle ¥); rk/hs, red kumara hot with skin (shown with closed

triangle A ); rk/c, red kumara cool (shown with closed diamond &); p/h, standard potato hot (shown with open circle o ); ¢, glucose control (shown with closed circle
and dotted line
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Table 47 shows the mean capillary BG for the test foods at baseline (Time 0), after 15, 30, 45,
60, 90 and 120 minutes. The mean FBG ranged from 5.3-5.5mmol/l, and was within the healthy
fasting BG range. The mean BG at 120 minutes returned within 0.2mmol/l of the FBG for the
9 participants (excluded outlier). The mean FBG ranged from 5.3-5.5mmol/l, and was within the
healthy fasting BG range. The mean BG at 120 minutes returned within 0.2mmol/l of the FBG for

the 9 participants (excluded outlier).

Table 46: Baseline Characteristics (n=10)

n=10 MeanSD (range)

Age (years) 25.1+6.5 (19-36)

Gender 80% female

Ethnicity 60% Caucasian, 40% Asian
BW(kg) 62.3+7.6 (47-76)

Height (m) 1.68+0.08 (1.55-1.78)
BMI(kg/m?) 22.1+1.7 (20.2-27.4)
FPG(mmol/l) 5.3+0.2 (5.0-5.5)

MeanzSD (range), BW, body weight; BMI, Body Mass Index; FPG, Fasting plasma glucose

Table 47: Mean (SEM) capillary BG for the 5 test foods and glucose control at 0, 15, 30, 45, 60, 90
and 120 minutes, n=9 individuals

c rk/h gk/h rk/hs rkic p/h
TO 5.3(0.1) 5.4 (0.1) 5.3(0.1) 5.3(0.1) 5.5 (0.1) 5.3(0.1)
T15 7.4 (0.4) 7.3(0.3) 7.4 (0.4) 7.2 (0.4) 6.9 (0.4) 7.2 (0.5)
T30 7.9 (0.5) 8.5(0.4) 7.7 (0.4) 8.3(0.3) 7.9 (0.5) 8.2 (0.4)
T45 7.6 (0.3) 8.1 (0.5) 7.5 (0.4) 7.3(0.4) 7.5 (0.4) 7.3(0.3)
T60 6.8 (0.3) 7.3 (0.5) 6.9 (0.4) 6.3 (0.4) 7.2 (0.4) 6.5 (0.4)
T90 6.4 (0.3) 6.1 (0.4) 5.9 (0.3) 5.6 (0.3) 6.2 (0.4) 5.6 (0.3)
T120 5.2 (0.3) 5.2 (0.2) 5.3(0.2) 5.3(0.1) 5.4 (0.2) 5.2 (0.2)

¢, glucose control; rk/h, red kumara hot; gk/h, gold kumara hot; rk/hs, red kumara hot with skin; rk/c, red kumara cooled;
p/h, potato hot

Notably, as for study 1, 3 participants (e.g. RW4111, KS4114, NR4117) had little increase in BG,
again possibly due to good insulin sensitivity, for all test foods. In general, the glucose curves
were much lower than in KumaraGlcalculated (Study 1). The increase in BG occurred in all
9 participants, where their highest BG reading ranged from 15-60 minutes post ingestion of the
test food. This BG peak usually dropped back to FBG levels by 120 minutes. In these
9 participants, 33% (15/45) of the test foods exceeded the glucose control. Figure 60 shows
individual delta change in capillary BG, from baseline for the 5 test foods plus glucose control for

9 participants, where the change ranged between -1.1 to 5.7mmol/l.
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Figure 59: Outlier participant excluded from Study 2; absence of plasma glucose peak following
consumption of the 50g glucose control treatment

rk/h, red kumara hot (shown with closed square m ); gk/h, gold kumara hot (shown with closed
inverted triangle ¥); rk/hs, red kumara hot with skin (shown with closed triangle A); rk/c, red
kumara cool (shown with closed diamond &); p/h, standard potato hot (shown with open circle o );
¢, glucose control (shown with closed circle and dotted line

Figure 61 shows the delta change in BG for 9 participants for each of the test foods plus glucose
control. The unexpectedly high glucose peaks where test food is greater than control are
highlighted as dotted lines. These plots were then used to calculate iIAUC glucose and also Gl

values.
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Figure 60: Individual capillary BG, delta change from baseline for the 5 different test food plus glucose control, n=9 individuals

rk/h, red kumara hot (shown with closed square m ); gk/h, gold kumara hot (shown with closed inverted triangle ¥); rk/hs, red kumara hot with skin (shown
with closed triangle A); rk/c, red kumara cool (shown with closed diamond &); p/h, standard potato hot (shown with open circle o ); ¢, glucose control
(shown with closed circle and dotted line
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Figure 61: Mean BG delta change for each of the 6 test foods, n=9 individuals, test food greater than
glucose curve (shown as per dotted line)

RW4111 (closed circle); AL4113 (closed triangle); KS4114 (closed inverted triangle); AW4115 (closed
diamond); AZ4116 (open circle); NR4117 (open square); AT4118 (open triangle); FR4119 (open inverted
triangle); SC4120 (open diamond)

The iIAUC for blood glucose was calculated in the 9 participants using the delta change as shown
in Table 48. The test was completed in a controlled and supervised environment. However, the
mean IAUC showed considerable inter-individual variation, with 78% of the participants (7/9) with

IAUC test food results greater than their respective glucose control.
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Table 48: Incremental area under the glucose curve for the 9 participants at time 0-120 minutes

Participantno. ¢ rk/h gk/h rk/hs rk/c p/h

1 (RW4111) 106.5 80.3 133 96.6 69.8 73.5
3 (AL4113) 135.2 262.5 137.9 159.0 109.6 103.5
4 (KS4114) 165.8 55.6 62.52 75.9 96.3 127.2
5 (AW4115) 246.8 315.8 280.5 111.8 321.8 204.0
6 (AZ4116) 203.7 176.9 111.9 193.6 111.8 204.6
7 (NR4117) 142.2 160.2 132.0 87.0 98.3 148.4
8 (AT4118) 231.5 279.0 286.5 218.3 293.3 221.4
9 (FR4119) 182.3 242.3 207.8 161.3 128.4 65.4
10 (SC4120) 255.0 208.7 98.3 222.3 172.8 179.8

¢, glucose control; rk/h, red kumara hot; gk/h, gold kumara hot; rk/hs, red kumara hot with skin; rk/c, red kumara cooled;
p/h, potato hot

Using the iIAUC from Table 48 above, the Gl was calculated as shown Figure 62. The kumara
varieties are all in the H-GI range from mean of 95.2 to 102.2 units (Table 49). P/h is also in the
H-GI range with a mean of 92.7units. The iAUC glucose is shown on Figure 62. Notably, rk/h

had a trend towards a greater IAUC compared to the glucose control.

Table 49: GI (units) calculated using iIAUC blood glucose in 9 participants

Participant no. rk/h gk/h rk/hs rk/c p/h P value
1 (RW4111) 75 125 91 66 69

3 (AL4113) 194 102 118 81 7

4 (KS4114) 34 38 46 58 77

5 (AW4115) 128 114 45 130 83

6 (AZ4116) 87 55 95 55 100

7 (NR4117) 113 93 61 69 104

8 (AT4118) 121 124 94 127 96

9 (FR4119) 133 114 88 70 36

10 (SC4120) 82 39 87 68 71

Mean (n=9) 102.2 95.2 96.2 98.3 92.7 0.3019
SD 9.3 7.6 6.9 8.3 5.9

SEM 3.1 25 2.3 2.8 2.0

¢, glucose control; rk/h, red kumara hot; gk/h, gold kumara hot; rk/hs, red kumara hot with skin; rk/c, red kumara cooled;
p/h, potato hot. Mean+SEM,; p-value, one way ANOVA
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Figure 62: Incremental area under the glucose curve at time 0-120 repeated measures using one way
ANOVA (ns), n=9 individuals, P=0.2125

¢, glucose control; rk/h, red kumara hot; gk/h, gold kumara hot; rk/hs, red kumara hot with skin; rk/c, red
kumara cooled; p/h, potato hot

Figure 63 presents the Gl data for both KumaraGlcalculated and KumaraGlanalysed. It is notable
that the results from study 2 differ considerably from study 1. Two trends appear; (i) Gl of all test
foods tend to be consistently higher in KumaraGlanalysed, and (ii) variability within each test food

is far lower as demonstrated by the smaller error bars.
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Figure 63: Gl for the 2 studies KumaraGlcalculated and KumaraGlanalysed, Mean (SEM). calculated,
P=0.6333; analysed, P=0.3019
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Despite these (between study) trends, there are several consistent findings;

0] Kumara of all varieties had a GI>70units

(ii) (rk/h had the highest Gl

(iii) p/h had the lowest GI; all kumara varieties and formats were higher Gl than standard
potato

(iv) There was considerable variation within and between participants; with a high

percentage of test foods generating a higher peak and iAUC glucose than the 50g

glucose control treatment in a high percentage of individuals.

Again, these effects did not reach statistical significance but may have importance in dietetic

practice. There was no evidence from either study that kumara was moderate/L-Gl.

Table 50 compares the 2 studies. Following analysis by AsureQuality Ltd, kumara presented with
almost double the available CHO content in all varieties of kumara (27-29g CHO/100g) when
compared to standard potato (14g/100g CHO/100g). Available CHO content also varied between
all kumara types in both studies resulted in H-GI (>70 units). Potato had a lower Gl than kumara
in both studies. Notably, despite the lower weight of kumara test food consumed by participants
in KumaraGlanalysed, there was a trend for the GI of these foods to be higher than for
KumaraGlcalculated. Comparison of Figure 55 and Figure 61 shows that the BG peak for the
glucose control was much lower in KumaraGlanalysed. Clearly response was very different

between different individuals confirming inter-individual variation.

Table 50: Combined KumaraGlcalculated and KumaraGlanalysed cOmparison

rk/h gk/h rk/hs rkic p/h
KumaraGlcalculated (weight, g) 250 250 250 250 285
Gl mean 99.4 79.0 87.1 87.3 67.7
SD 63.5 39.3 36.1 41.6 45.0
SEM 20.1 12.4 114 13.2 14.2
Composition Table (g available CHO/100g) 20 20 20 20 18
KumaraGlanalysed (weight, g) 183 184 170 183 357
Gl mean 102.2 95.2 96.2 98.3 92.7
SD 9.3 7.6 6.9 8.3 5.9
SEM 31 25 2.3 2.8 2.0
Analysed by AsureQuality (g available CHO/100g) 27 27 29 27 14

¢, glucose control; rk/h, red kumara hot; gk/h, gold kumara hot; rk/hs, red kumara hot with skin; rk/c, red kumara cooled;
p/h, potato hot; GI, Glycaemic Index; CHO, Carbohydrates; SD, standard deviation; SEM, standard error of the mean,
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5.5 Discussion

Kumara is one of the oldest staple foods and is one of the top ten leading food crops with origins
dating back to pre-historic Polynesians, 14th Century A.D (Woolfe, 1992) and has become a
staple food for New Zealand (Yen, 1961). It was an important food item for the PREVIEW:NZ
study. The 2 kumara and Gl sub-studies assessed the Gl of kumara and standard potato and
resulted in some interesting findings, which whilst not statistically significant may be of relevance
to dietetic practice. In summary, the Gl of kumara was not significantly lower than standard
potato, rather it was identified as a H-GI food item. Changes to the food matrix through heating
and cooling and inclusion of the kumara skin, altering the fibre content of the test food, showed
some reduction in Gl but did not lower it sufficiently to change the Gl category and hence it
remained as a H-GI food. The standard potato had a lower Gl than kumara and was classified in
the medium GI category. The hypothesis that Kumara had a lower Gl than standard potato was

therefore rejected.

To review the outcomes in more detail, it was clear from both studies, KumaraGIcalculated using
calculated available CHO and KumaraGlanalysed using analysed data, that kumara is a H-GI food,
ranging from 79.0 to 99.4 units (H-GI) and 95.2 to 102.2 units (H-GI) for KumaraGlcalculated and
KumaraGlanalysed, respectively. Unexpectedly, study 2 gave a lower weight of test food to
participants yet a higher Gl was measured. Of course a direct comparison of Gl between the
2 studies is not possible as study 1 and study 2 recruited 2 different sets of participants, yet this
was still an unexpected finding. It highlights the difficulty in assigning Gl (a physiological)
response to a single food item. On the contrary, standard potato, previously perceived by many
to be a less healthy food option with a higher GI factor than kumara (Atkinson et al., 2008;
Atkinson et al., 2015; Foster-Powell & Miller, 1995), had a mean (SD) Gl of 67.7(45.0)units (M-GI)
and 92.7(5.9)units (H-GI) for KumaraGlcalculated and KumaraGlanalysed, respectively. In this
thesis, both study KumaraGlcalculated and KumaraGlanalysed showed standard potato to have a
lower Gl than all of the kumara test foods. Hence, potato has a lower Gl than all varieties of

kumara and is classified as the only test food with a medium GI (KumaraGlcalculated study, ns).

The use of Gl values for risk management for the development of T2D remains controversial with
many factors affecting Gl, such as food environment of production, food matrix, food preparation,
mixed meals and individual variation between participants consuming the food (Jenkins. et al.,
1988; Kataoka. et al., 2013; Matthan et al., 2016; Venn. & Green., 2007; Venn. et al., 2010;
Williams. et al., 2008; Wolever. et al., 1986). Following the results from these 2 sub-studies, it is
clear that using the Gl concept may be more complex than expected and may lead to confusion
when educating the public. Glis extremely variable. The guidelines in some countries encourage
a L-Gl diet and one of the dietary recommendations in the PREVIEW study also encouraged L-Gl
in the HP arm (Chapter 1.6). However, confusion around the classification of Gl for foods arises,
with Gl for kumara ranging from 48 to 77 units, i.e. L-GI to H-GI (Foster-Powell & Miller, 1995;
Foster-Powell et al., 2002). This inconsistency extends to the standard potato, with Gl varying

according to potato varieties, maturity level, starch structure, food processing techniques and
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composition of the meal (Aldughpassi et al., 2012; Fernandes et al., 2005; Nayak et al., 2014).
The Gl for standard potato also appears to cross all three Gl groups, from 47 to 70 units
(Fernandes et al., 2005; Foster-Powell & Miller, 1995; Foster-Powell et al., 2002; Nayak et al.,
2014). Modifiable factors around food matrix include food processes in the preparation/cooking
method of test food can affect the Gl, as extreme temperatures changes the starch structure as
a fraction of the amylopectin changes to amylose affecting the overall Gl (Akerberg et al., 1998;
Aldughpassi et al., 2012). Kim et al reported a lower Gl due to a change in resistance starch of
pasta during the cooling period (Kim et al., 2008); this result was confirmed in this chapter with a
trend (although not statistically significant) towards L-GI for consumption of cooled test food vs.
hot. This chapter did not test the mixed meal effect, with the addition of protein, fat and fibre
reported to lower Gl in previous research (Aldughpassi et al., 2012; Miller et al., 1992; Monro &
Shaw, 2008), including a study conducted by myself and collaborators where rice mix with added
fibre, protein and fat using wild rice, nuts and seeds lowered Gl in Chinese participants with T2D
(Zhang. et al., 2015).

Inter-individual variation results in inconsistency of use of Gl for chronic disease risk management
and prevention (Kataoka. et al., 2013; Matthan et al., 2016; Venn. et al., 2010; Williams. et al.,
2008). Ethnic differences have raised increasing interest within recent research, with rice being
lower Gl for Caucasian women and higher Gl when consumed by Chinese women (Kataoka. et
al., 2013; Venn. et al., 2010). Matthan et al reported that differences in inter- and intra-individual
absorptive factors alters the digestion in the small intestine changing the GlI, with mean variation
to be 20% and 25%, between intra- and inter-individual variations, respectively (Matthan et al.,
2016). One of the notable findings in this current study was the high variability between
individuals which, despite careful adherence to the International Gl methodology and assessment
guidelines (Atkinson et al, 2008; Wolever. et al.,, 1991) may have significantly influenced the
outcome of the study. This demonstrated that assigning a single Gl value to a food may be
problematic as variation was seen when assessing 10 healthy and lean individuals, let alone

individuals with IR and metabolic syndrome.

In this chapter, only inter-individual variation was investigated and was found to be high in both
studies KumaraGlcalculated and KumaraGlanalysed, With almost half of the participants in both studies
having iIAUC BG concentrations following the test foods greater than the glucose control. Also,
unexpectedly in KumaraGlanaysed, ONe participant was classified as an outlier as the glucose
control treatment generated no postprandial rise in blood glucose. This was difficult to explain as
all tests were supervised to ensure all of the test food was consumed on each occasion in the
time allowed, and it was confirmed that this individual (AD4112) did consume the full 50g glucose
drink and hence compliance was 100%. The other possibility was gastrointestinal malabsorption.
However, there was no report of adverse Gl symptoms by the participant. This participant was
identified as a statistical outlier and excluded from Study 2. Other possible reasons could include
poor participant preparation (e.g. non-fasting on the test day, excessive exercise the day prior),
and issues such as stress upon seeing the glucose control solution. Anxiety or stress has been
hypothesised to cause delayed gastric emptying and/or insulin antagonistic effects on stress
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hormones in turn affecting glycaemic response (Brouns et al., 2005). The final explanation may
have been a simple failure of the handheld blood FP monitor, although all monitors were

calibrated and shown to be in good working order each morning before the study was started.

In both studies, 33-34% of test foods generated a postprandial peak, greater than the glucose
control. This was most unexpected. The International GI methodology mandates the inclusion
of 10 participants to assess new foods (Brouns et al., 2005). However, Venn et al recommends
enrolment of 26 participants for Gl testing to reduce inter-individual variation (Venn et al, 2013).
Matthan et al measured glucose and insulin response in 63 participants (Matthan et al., 2016) to
investigate variability, however, Wolever has stated that increasing the number of participants
from 10 to 63 has little or no effect on the mean or SD and that dietary recommendations using
this Gl analysis method of n=10 are valid and recommended (Wolever et al., 2017). Notably,
both previous Gl analyses (1995 and. 2002) followed the International GI methodology, yet
reported differing results. Whether increasing the number of participants in the current kumara
studies would have assisted with a more accurate determination of Gl for these test foods is

unknown, but of interest.

The reference food (control) used in these current studies was monosaccharide glucose drink,
commonly used rather than the alternate standard of white bread in order to reduce variability
that may be introduced during production of a commercial food product such as bread (, and in

turn the intra- and inter-individual variation in Gl (Brouns et al., 2005; Wolever et al., 2003).

Considering the wider concept and utility of Gl, there is conflicting research around the benefits
of L-Gl and T2D in interventional and epidemiological studies (Augustin. et al., 2015; de Boer &
Aiking, 2017; Du et al., 2009; Jenkins. et al., 1987; Jenkins. et al., 2002; Wolever. & Jenkins.,
1986). The Gl concept has been integrated in the dietary guidelines in Australia, France, Sweden,
Canada and South Africa and recommended by the Food and Agricultural Organisation (FAO)
and WHO that dietary CHO should be low in Gl and high in fibre (FAO, 1998; Ludwig, 2002).
New Zealand uses L-GI recommendations in combination with lower TE, modified macronutrients
(Mann & Te Morenga, 2013; New Zealand Guidelines Group, 2011). DioGENES is an important
study which conducted a 6-month intervention in 8 European countries involving 932 O/W
participants on higher protein and L-GI diet (Goyenechea et al., 2011; Larsen et al., 2010; Ludwig
& Ebbeling, 2010). L-GI was shown to be successful, where L-GI (HP) group had the lowest
dropout and least weight regain (0.93kg less than M-GI, P=0.003) after 6 months and this was
maintained for 12 months (Astrup et al., 2015; Larsen et al., 2010; Ludwig & Ebbeling, 2010).
This was an important intervention that led to the design of the PREVIEW diabetes prevention

study, with L-GI advice given for 1 study arm, higher protein lower Gl diet group (HP:L-Gl).
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The results of the current kumara and Gl substudies are relevant for the PREVIEW:NZ cohort
due to the popularity of kumara consumption within New Zealand and the conflicting information
on whether this sweet potato/kumara is L-GI or H-GI. Also, there are 3 varieties of kumara in
New Zealand — red, golden and orange - but no validated data available on their respective Gl
content. The 2 substudies have shown that Gl (a physiological rather than a food property)
response is highly varied and difficult to predict. Even for a single food such as kumara consumed
alone under highly standardised conditions, there is continued confusion around whether kumara
and potato is L-Gl or not. For the PREVIEW study, prior to these two sub-studies, we had advised
participants that kumara is L-Gl and should be encouraged in the HP:L-GI group. However, after
conducting these two sub-studies, the results were contradictory and nutritional group advice for
the HP:L-GI was changed.

The strengths for both KumaraGlcalculated and KumaraGlanalysed studies for this thesis, include
the fact that the test foods were consumed in a clinical setting under direct surveillance to ensure
standardisation of test food consumption; there was constant assessments, supervision and
fingerprick was timed and accurate based on the International GI methodology protocol. Another
strength of this study is that 10 participants, as recommended were assessed in study 1. A
possible weakness is that 1 of the participant had to be excluded as an outlier in study 2. Even
though n=10 was recommended in the International Gl methodology, the inter-individual variation
has resulted in significant variation in GI. Wolever states than a sample size of 63 or a sample
size of 10 has no major effect on the group in mean and SD (Wolever et al., 2017). However, if
all the Gl testing followed the International Gl methodology and resulted in highly variable data,
how can we attribute a single Gl value and/or classify foods which range from L-GI to H-GI. In
this study, both KumaraGlcalculated and KumaraGlanalysed defined kumara as H-GI, higher than
standard potato. Although this was just a trend, certainly there was no evidence that kumara
should be recommended instead of standard potato due to a lower GI. Even though the
International GI methodology was carefully followed, it was difficult to determine a consistent Gl
due to substantial variability in individual responses. Previously, there has been criticism of Gl
showing that the measurement lacks accuracy and precision and the clinical relevance has been
questioned (Ludwig, 2002). For a food with a Gl of 70 units and a SEM of 10, the Gl of the
population is estimated to between 50 to 90 units, i.e. an imprecise estimate ranging from L-GI to
H-GI. Using this in a clinical context, should we raise the question as to whether Gl is a good
approach when guiding patients, particularly those at risk of or with T2D who have even greater
glycaemic variations, on healthy food choices and in nutritional guidelines? The clinical
significance of these findings shows that Gl is complex and too complicated to be of practical use

in a clinical setting and as part general health recommendations.
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5.6 Conclusions

Even though the International GI methodology was used and followed, it was difficult to determine
a consistent Gl result for the different test foods due to substantial variability in individual
responses between foods. KumaraGlcalculated used 50g available CHO as calculated from the
Concise New Zealand Food Composition Tables (Plant and Food Research Limited & Ministry of
Health, 2016). The results from KumaraGlcalculated suggested the need to have these food items
analysed to measure actual CHO content, and then to repeat this study to determine the Gl of
varying kumara types and cooking method using an accurately measured weight of test food

equivalent to 50g of available CHO.

Both studies showed that both types of kumara tended to have higher Gl than standard potato.
Kumara does not appear to be low in Gl and therefore arguably not a better food choice than
standard potato for T2D prevention. The difference between glycaemic response within an
individual and the GI of a food using population data has been acknowledged. However,
individual glycaemic response clearly leads to high variability between individuals and therefore
is difficult to attribute a single Gl value even for individual foods for the general population in
dietary guidelines. The data from this thesis chapter adds to this weight of evidence. Clinical
relevance using Gl has previously been debated as the measurement has been criticised in that
it lacks accuracy and precision; and also stated as too complicated to be practical. Using this in
a clinical context, it is clear that Gl is a complex physiological response which can be highly
variable; and this must raise the question as to whether it is a useful and/or reliable index for
guiding the general public and patients in their food choices. Dietary recommendations for the
PREVIEW:NZ study were revised in light of these findings.

170



Chapter 6: Discussion and Conclusions

Chapter 6 General Discussion and Conclusions

This thesis investigated the effect of a novel higher protein, lower Gl (HP/L-GI) and lower fat diet
recommendation compared with current higher CHO, lower protein, moderate Gl (LP/M-GI) and
lower fat diet recommendations, for better maintenance of BW and glucose control following a
period of rapid weight loss. The cohort was a subgroup of adults in the international PREVIEW
study recruited in Auckland, New Zealand. At the time of data analysis for this thesis, data from
the PREVIEW International Phase 2 maintenance phase was still ‘blinded’ (i.e. not available for
analysis as per the randomised diet groups), and hence 2 statistical approaches were undertaken.
Firstly, a categorical analysis where a high protein and low protein cut-off was set and data
analysed over the initial 6 months of the trial, and secondly a continuous analysis where longer
term data was analysed over 24 months. In addition, 2 short substudies were conducted to

investigate the Gl of a commonly eaten New Zealand food item, the sweet potato/kumara.

As hypothesised based on a large number of previous studies (Geiker. et al., 2018; Haywood et
al., 2017; Hjelmesaeth. et al., 2018; Jebb et al., 2017; Lean et al., 2017; Leslie et al., 2017; Leslie
et al., 2016; McCombie et al., 2017; Rudovich et al., 2016; Sellahewa et al., 2017; Taylor et al.,
2017; Zhyzhneuskaya et al., 2017), the use of a meal replacement LED led to very successful
BW loss in a large percentage of the cohort. Again as hypothesised, individuals with higher BW
at baseline lost more weight and FM when following the 8-week fixed intake (4MJ/d) LED. Men
were heavier at baseline and also lost more absolute BW then women during LED. Men however,

did not have a greater FPG improvement.

This significant weight loss resulted in a major improvement in metabolic health for all individuals
who achieved the cut off by 8 weeks of >8% of baseline BW. Again this was expected, based on
previous studies. In this thesis, the anthropometric benefits from LED included a reduction of BW
and WC. A reduction in absolute and percentage FM and absolute android fat and reduction in
absolute FFM although an increase in percentage FFM. Loss of FFM is a concern as FFM has
a direct effect on thermogenesis, resting metabolic rate and insulin sensitivity therefore improving
glycaemia (Goodpaster et al., 1999; Segal et al 1989; Stiegler & Cunliffe, 2006). This study also
shows that improvements to anthropometric changes resulted in improvements to several

glycaemia endpoints (FPG and HbA1c).

It was hypothesised that improvements in glycaemia may be related to ethnicity, since risk status
at a given age and BW is known to differ in different ethnic groups. For example, Asian Chinese
and Indian have been shown to be at a high risk even before they gain a lot of excess weight and
body fat (Chandalia et al., 2007; Duncan et al., 2004; Lin et al., 2009; Mgller et al., 2014; Rush et
al., 2007; Rush et al., 2004; Rush et al., 2009; Venn. et al., 2010; Wang et al., 1994; Wuhan et
al., 2010). This may be related to where on the body the fat is deposited. Even a small amount
of fat deposited in the visceral region, or even worse deposited in the liver or pancreas, may
cause this high risk in slim, lower BMI (~BMI 23kg/m?) Asian individuals (Chandalia et al., 2007;
Duncan et al., 2004; Liu. et al., 2018; Rush et al., 2004; Rush et al., 2009; Wang et al., 1994).
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On the contrary, the body composition of Maori/Pacific comprise more FFM overall and less
centrally distributed FM and visceral fat than Caucasian and Asians, which in turn should have a
positive effect on insulin sensitivity and glycaemia (Duncan et al., 2004; Rush et al., 2007; Rush
et al., 2004; Rush et al., 2009); yet Maori/Pacific have more than 3 times higher risk of developing
T2D than Caucasians (Ministry of Health, 2016). Genetic factors may have an influence on fat
deposit, body composition and insulin resistance/T2D risk (Duncan et al., 2004; Rush et al., 2007;
Rush et al., 2004). This is explained by the high prevalence of obesity and morbid obesity in
Maori/Pacific living in New Zealand. The findings of this thesis showed that Maori/Pacific had the
highest CID1/Baseline BW and had slightly more weight loss during the LED phase. However,
Maori/Pacific did not lose significantly more absolute BW when compared to Caucasian or Other

groups. Maori/Pacific also did not have a greater FPG improvement.

An important point to consider in PREVIEW:NZ is the cohort recruited. Different intervention trials
have defined pre-diabetes in different ways, and this can result in a range of glucose levels from
very ‘early’ pre-diabetes to much more advance ‘late’ pre-diabetes which is bordering on T2D.
There are currently 3 international recommendations to diagnose pre-diabetes. The ADA uses a
lower cut-off of either IFG of 5.6 to 6.9mmol/l or IGT (2h-PPG) of 7.8 to 11mmol/l (American
Diabetes Association, 2016; American Diabetes Association, 2017). WHO recommends using a
higher FPG cut off from 6.1 to 6.9mmol/l, the IGT (2h-PPG) remains the same (7.8-11mmol/l)
(International Diabetes Federation, 2013). The newest approach is the use of a longer term
marker of high blood glucose concentration, HbAic (ADA: pre-diabetes 40-48mmol/mol vs New
Zealand: pre-diabetes 41-49mmol/mol) (American Diabetes Association, 2018; Barry et al., 2017,
NZSSD., 2011). However, there has been some considerable debate as to which diagnostic
criteria is recommended. ADA has the lightest approach and would identify a group of lower risk
population when compared to the WHO (higher FPG) and an even ‘higher risk/sicker’ group based
on the HbAic cut-off (Braatvedt et al., 2012; Guo et al., 2014; Sequeira & Poppitt, 2017) to
diagnose pre-diabetes. Inthe PREVIEW study and hence the PREVIEW:NZ cohort in this thesis,
the diagnosis of pre-diabetes using the ADA guidelines was used (either FPG and/or IGT), which
probably resulted in ‘early’/lower risk pre-diabetics. Whilst, HbAic was analysed, it was not used
as an inclusion criteria. The mean HbAac for the PREVIEW:NZ participants at CID1/Baseline was
36.6mmol/l, which confirms they were on average a lower risk group. Perhaps not requiring
PREVIEW participants to have a both raised FPG and raised IGT was part of the cause of this
low HbAlc.

In the 3 largest diabetes prevention RCTs, Da Qing recruited their pre-diabetic cohort using an
OGTT and either raised FPG or IGT (not both); with urinary glucose and albumin excretion for
confirmation (Pan et al., 1997). USDPP used an even lower cut-off for FPG of 5.3-6.9mmol/l and
standard IGT cut-off of 7.8-11mmol/l, diagnosis was either FPG or IGT, not both (Diabetes
Prevention Program (DPP) Research Group, 2002). Lastly, FDPS used IGT only (7.8-11mmol/l),
the first positive result required confirmation by calculating the mean of the next 2 IGT (2h-PPG)
readings (Lindstrom et al., 2008). In the PREVIEW study and hence the PREVIEW:NZ cohort in
this thesis, the diagnosis of pre-diabetes using the ADA guidelines was used (FPG and IGT).
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Whilst, HbA1c was analysed, it was not used as an inclusion criteria. The mean HbAic for the
PREVIEW:NZ participant at CID1/Baseline was 36.6mmol/l, which confirms they were on average

a lower risk group.

HbAic is a simple and cost-effective method that has been adopted by the ADA for 10 years
(American Diabetes Association, 2018). It is argued that treating those diagnosed using the ADA
glucose cut-offs is early intervention as this includes a healthier cohort when compared to the use
of HbAic where individuals have higher circulating glycaemia and at a much higher risk of
developing T2D. Lifestyle intervention has been shown to improve health and reduce the risk of
developing T2D. However, the argument is whether intervening early (i.e. ADA-healthier
population based on glucose cut-offs) is more beneficial or is there a need to focus only on the
higher risk or later population (i.e. HbAic-sicker population) due to limited health resources (Barry
et al., 2017).

As PREVIEW:NZ used the ADA cut-off for FPG, and there were a very large number of
participants recruited on FPG rather than IGT in PREVIEW:NZ. There was a surprisingly high
percentage who were no longer classified as pre-diabetic based on the OGTT by the time the
intervention started. This may be due to change in lifestyle between the screening/enrolment
phase and the trial start date. Perhaps this was not completely unexpected, as there is evidence
that information given to an individual about an adverse health event (e.g. high risk of T2D) may
cause them to consider their diet and other lifestyle factors (Bandura, 2004; Barry et al., 2017).
There was no way in PREVIEW:NZ to assess whether this did happen, but it was clear that many

individuals improved their risk of T2D ahead of the acute weight loss phase.

There was a high rate of dropout in PREVIEW:NZ, particularly in the Maori/Pacific group. It might
be hypothesised that this was because the intervention was focused on the individual and not the
wider family/whanau. New Zealand public health policy is strongly focused towards a
whole-family/whanau supportive approach to better health (Ministry of Health, New Zealand
Health Strategy, 2016; Gittelsohn & Trude, 2017; Heymsfield & Wadden, 2017; Mann et al., 2017;
Ministry of Health, 2017; Sweeting & Caterson, 2017). It was not possible to modify PREVIEW:NZ
to follow this approach as it was part of a much larger international trial, and comparable methods
had to be adhered to across all 8 intervention centres in Europe, Australia and New Zealand. New
Zealand was the only study site that had a multi-ethnic population, and so was quite different to
the other countries where the majority of the cohort was Caucasian/European (Fogelholm et al.,
2017; Huttunen-Lenz. et al., 2018).

Whilst the data could not be analysed as per the diet randomisation groups in this thesis, there
were still important findings from the analyses carried out. The categorical analysis of higher
protein vs lower protein groups did not show any significant differences in maintenance of weight
loss, or better improvement in glucose control. This was unexpected as the DioGENES study had
led to the hypothesis that higher protein/lower Gl would have a big effect on BW, and so also in
turn on blood glucose. The continuous analysis allowed the effect of protein to be investigated
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without splitting the groups into high and low protein consumers and showed a small, but

statistically significant, effect on BW.

In PREVIEW:NZ, if a higher protein diet had been found to be efficacious, there are still some
controversies to consider. The increased cost often associated with a higher protein diet is an
important issue, as this might affect patient preference which could also lead to reduction in
compliance. Increased protein intake would mean that there must be a reduction in another
macronutrient, some research shows that this is usually fibre-rich carbohydrates, leading to some
health implications surrounding the protective benefits from fibre intake (Murphy et al., 2012;
Threapleton et al., 2013; Veronese et al., 2018), which would be lost. In PREVIEW, red meat
and processed meat were not recommended due to the harmful health effects clearly shown on,
for example, colon cancer (Pan. et al., 2012; Pan. & Hu, 2014). A higher protein diet, even with
poultry, fish, egg, dairy and other plant based protein may have adverse health effects on kidney
function (Mgller. et al., 2018; Richter et al., 2015; Willett et al., 1990; Xu et al., 2013). In the
PREVIEW international study, there is a substudy investigating colon cancer markers using faecal
analysis and also kidney function (Mgller et al., 2018). There was no evidence of worse kidney
function after 12 months in higher protein consumers in PREVIEW (Mgller et al., 2018) . The
other issue surrounding recommending a higher protein diet is the effect this has on the ‘Earth’
and sustainability (de Boer & Aiking, 2017; Hartmann & Siegrist, 2017; Henchion et al, 2017).
Meat production has a larger impact on sustainability when compared with the production of plant
based protein. The world’s future protein supply is only sustainable by a reduction in meat intake
and a movement towards increase in plant protein intake or introducing alternative protein

sources e.g. insects or cultured meat (Hartmann & Siegrist, 2017).

Importantly weight loss achieved by LED was still beneficial after 2 years of the trial, independent
of which diet group they were in. The anthropometric and metabolic improvements did not return
to pre-trial baseline by 2 years and only n=12 (3.9% incidence rate over 2 years) individuals were
diagnosed with T2D. As there was no control arm in PREVIEW:NZ, comparison with the other
studies is useful. USDPP had a lowered incidence rate of 4.8% in the intervention arm vs. 11%
in the control arm after 3 years (Diabetes Prevention Program (DPP) Research Group, 2002).
FDPS showed an incidence of 6% in the intervention arm vs. 14% in the control arm after 2 years
of intervention and this increased to 11% in the intervention arm vs. 23% in the control arm after
4 years. Even though this thesis investigated only 2-years out of the 3-year study, the number of
T2D diagnosed at the end of 3 years in PREVIEW:NZ was n=17 (5.6%), which is still lower than
the previous trials (Raben et al, 2019). The PREVIEW 3 year results was presented at the 54th
European Association for the Study of Diabetes (EASD) annual meeting conference in Berlin,
Germany in October 2018. The results were similar showing the initial rapid weight loss showed
beneficial health effects with no preference for either of the weight loss maintenance diet and
exercise groups (Raben et al, 2019). The reason for this increased success may possibly be due
to the use of an LED to achieve more rapid weight loss goal, as the other trials used lifestyle to
induce weight loss; or the higher weight loss cut-off of >8% in PREVIEW:NZ, compared to >7%

in the USDPP and >5% in the FDPS.
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Weight loss maintenance involving regular clinic visits and support has been recommended by
many studies (Anderson et al., 2001; Apfelbaum et al., 1999; Astrup & Rd&ssner, 2000;
Gogebakan et al., 2011; Lean. & Hankey., 2018; Leslie et al., 2017). The fading visit approached
used in the PREVIEW:NZ study was a public health ‘hands-off’ fading approach where the group
sessions in the maintenance phase decreased from 8 visits in year-1, to 3 visits in year-2 and
only 2 visits in year-3. Compared to the other studies, USDPP had an intensive 16 one-on-one
sessions during the first 24 weeks (6 months) followed by individualised monthly sessions
thereafter (Diabetes Prevention Program (DPP) Research Group, 2002). The FDPS however
also had a similar fading visit approach with 7 group sessions in the first year followed by

3-monthly (4 sessions per year) sessions thereafter (Lehtisalo et al., 2016).

It has been shown that absolute kg weight loss is a critical part in other weight loss trials. The
greater the BW loss, the better the outcome in later years follow-up — whether this BW loss in
achieved slowly or very quickly (Affuso et al., 2014; Geiker. et al., 2018; Hamman et al., 2006;
Hong et al., 2005; Jackness et al., 2013; Jebb et al., 2017; Johansson et al., 2014; Leslie et al.,
2017; Leslie et al., 2016; McCombie et al., 2017; Scheen, 2017; Sellahewa et al., 2017; Taylor et
al., 2017; Williams et al., 2015). The best approach seems to be the beneficial LED weight loss
phase plus some form of regular group support with individualised lifestyle intervention to ensure

compliance, although perhaps LED alone with no follow-up may also be very successful.

The PREVIEW:NZ study was focused primarily on higher protein vs higher CHO/fibre diets, and
as such Gl was an important dietary message for the participants. Gl is a complicated message
for diet interventions, as it is both difficult to generate sufficient Gl data on a wide range of food
items, and it is also well known that Gl varies greatly in different situations such as mixed meals,
or hot and cold food items (Nayak et al., 2014; Zhang. et al., 2015). In the PREVIEW:NZ
sub-studies reported in this thesis, a common NZ food was the focus of the Gl investigation,
comparing sweet potato/kumara in various states with standard potato. Although it was
hypothesised that there may be some variation in Gl response, the findings were very unexpected
and made clear the fact that Gl is a very difficult aspect of the diet to define and be sure that the
advice given is correct. That is the case both in a study such as PREVIEW:NZ and also in more
general dietetic practice. The data from this thesis added to the growing concern that Gl, when
measured in groups of 10 healthy individuals, may not represent reliable data. Foods can change
from low-Gl to high-GI just based on the participant variability, consuming the food item within a
mixed meal, changing the cooking conditions — as well as many other factors such as different
growing conditions. (Aldughpassi et al., 2012; Augustin. et al., 2015; Brand-Miller & Buyken, 2012;
Larsen et al., 2010; Nayak et al., 2014; Wolever & Bhaskaran, 2012). The findings from the
2 sub-studies led to a change in advice given to the PREVIEW:NZ participants by the dietetics

team as it was shown to be much higher and more variable than expected.

6.1 Conclusions

In conclusion, the 8-week LED weight loss intervention was very successful and produced health

benefits during the 8 weeks of LED. However, O/W individuals cannot stay on this for many
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years. The weight loss and health benefits were maintained to some extent through the weight
loss maintenance phase, although with gradual rebound and worsening but at 2-years remained
under the pre-trial baseline for both anthropometric and metabolic parameters. The primary
hypothesis of PREVIEW:NZ that a higher protein, lower CHO/GI diet would be more successful
for weight loss maintenance was however not supported by the data in this thesis. The difference
in protein intake resulted in a very small but clinically insignificant effect, which may not be of
practical use when educating high risk populations. The results from the GI substudy confirmed
that it is extremely difficult to make recommendations and educate patients to use Gl due to the

results being highly variable with many factors influencing GI.

6.2 Future Directions / Research

Future direction for research following the results of this thesis emphasised the need for a longer
follow-up with a larger population and use of the incidence of T2D as primary outcome, as used
in the other 3 large diabetes prevention RCTs (Da Qing, USDPP and FDPS). A larger study
allows diagnosis of T2D to be the primary endpoint of a study. The PREVIEW international study
is a 3-year intervention study with 2,300 adults recruited from 8 countries worldwide. There is
also a 5-year observational follow-up to assess ongoing progress, with incidence of T2D used as
the primary outcome. There is strong evidence surrounding the benefits of diet and physical
activity with both metabolic health and weight loss maintenance benefits. Physical activity was
not assessed in this thesis but it is also very important. As the PREVIEW international study is a
randomised 2x2 factorial, 2 diet and exercise groups will be analysed once the code is ‘unlocked’
later in 2018. There is also a need to monitor compliance to both diet and exercise, with dietary
components validated using urinary nitrogen and physical activity validated using accelerometer
data. This also is part of PREVIEW international study with results available following the

‘breaking of the code’ in late 2018.

6.3 Alternative Approaches / New Studies

Future research studies could be implemented using a weight loss phase with LED but with a
maintenance phase that uses a different trial design. Considerable research supports the benefits
of a higher protein approach to support weight loss probably due to factors such as increased
satiety and higher energy costs of digestion and absorption. It does seem reasonable to continue
to investigate higher protein diets. Trial designs that improve patient compliance may be more
successful. Like the DIRECT study, where there was a ‘rescue plan’ which included the use of
LED meal replacements to replace 1 to 2 meals for a set time period followed by education on
meal recipes and food equivalence; and where weight loss medication (e.g. Orlistat) could also
be used; once BW regain reached cut-off of 2kg and 4kg. The purpose of the ‘rescue plan’ is to

prevent a ‘back slide’ of weight regain and also to ensure weight loss maintenance. During the
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weight loss maintenance phase, there is a need for a more innovative approach to promote good
efficacy. A novel approach would be to continue with the randomised weight loss maintenance
group but if the patient is unhappy with their randomised group, this would have an impact on
compliance and hence also their weight loss targets so the innovative plan would be to pilot a
‘patient preference’ diet. If efficacy and compliance during the long-term weight loss maintenance
phase can be improved using strategies that have evidence of success, such as intermittent
fasting diets, this may result in much better success for weight loss maintenance and T2D

prevention.
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Appendix A: SOP instructions on how to follow the LED

Standard Operating Procedures (SOP): Guidelines to dietitian educators for instructing
participants on how to use the LED (8-week weight loss phase)

Objectives: To ensure instructions given by the dietitian allow participants to correctly follow the
LED plan.

Aim of the LED: Participants should follow the LED for the 8-week weight loss phase aiming to
obtain the >8% weight loss goal from their initial BW.

Product description: The LED using a range of Cambridge Weight Plan products which are
available in a variety of difference flavours. These include nutritionally complete shakes, soups
and porridge.

The products are available in 40g sachets, and participants will be required to eat a total of 4
sachets per day. Three sachets should be dissolved in low fat milk (3 x 250ml = 750ml per day).
One sachet should be dissolved in 250ml of water. This will provide 810kcal per day, 84 grams
of protein per day, approx. 5 grams of essential fatty acids per day and the daily requirements of
vitamins and minerals.

If a participant is lactose intolerant, there are lactose free products, which should be dissolved in
soya milk.

Product preparation:

Cambridge Weight Plan powder shakes:

Mix 1 sachet with 250ml of cold low fat milk or water, as described earlier. Shake powder and
milk/water in a container with a lid or use an electrical mixer. It is essential that the powder is
being shaken/blended until the powder is totally dissolved. If a more watery powder drink is
preferred, extra water should be added. The drink should be consumed cold and immediately.

Cambridge Weight Plan powder soups:

Mix 1 sachet with 250m| of water, blended and heated in the microwave. It is essential that the
powder is being shaken/blended until the powder is totally dissolved. If a more watery powder
drink is preferred, extra water should be added. Allowed vegetables can be used and mixed with
the soup. The soup should be consumed warm and immediately.

Cambridge Weight Plan powder porridge:

Mix 1 sachet with 250ml of water, blended and heated in the microwave. It is essential that the
powder is being shaken/blended until the powder is totally dissolved. If a more watery powder
drink is preferred, extra water should be added. The drink should be consumed warm and
immediately.
Additions to the LED for taste and variety. These can be added to the Cambridge Weight Plan
products to assist with taste and flavour:-

- Calorie free lemonade

- Vanilla, cinnamon or cardamom

- Coffee or instant coffee

- Crushed ice or ice cubes

- Herbs and spices
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Adverse effects

Constipation is a common side effect of using LED. The reason for this is the change in food
consumed and the reduced overall portion of food consumed. If a participant has a history of
gastrointestinal discomfort and constipation, he/she should be advised to add extra fibre to
supplement the LED. This could be 2-3 teaspoons of psyllium fibre or Metamucil with 1-2 glasses
of water. The supplementary fibre can be added to shakes or used separately.

Daily intake during the LED period:

Over the 8-week LED period subjects’ daily food intake will consist of 4 Cambridge Weight Plan
powders consumed at intervals distributed across the day to replace breakfast, lunch, dinner and
one in-between meal. Itis also possible to skip the in-between meal and take 2 powders at lunch
or dinner instead, depending on when the participant is hungry. If necessary, one powder may
be divided into 2 portions (each portion shaken with 125ml of water or milk) but nevertheless
important to consume a total of 4 sachets per day.
In addition to the 4 powders participants are permitted without limitation to:

- Drink coffee and tea without milk and sugar

- Drink water and mineral water

- Drink artificially sweetened ‘diet’ soft drinks

- Chew sugar free chewing (no more than 10 pieces per day)
Furthermore, it is permitted to consume 2 cups of non-starchy vegetables such as tomatoes,
lettuce and cucumber per day. It is important to drink sufficient quantities of water to ensure that
thirst is not confusingly mistaken for hunger. For most people, 2 litres a day will generally suffice
in addition to powder meals and permitted vegetables.

Inconveniences and complications to the diet:

The following complications and inconvenience may occur when consuming the LED. These
complications may include tiredness, dizziness, headache, nausea, sensitivity to cold, dry skin,
bad breath (subject to ketosis) or hair loss (for a short period of time). A more frequent occurrence
of gallstones and gout attacks are associated with rapid weight loss in overweight people. As
well as constipation as a possible side effect, diarrhoea is another gastrointestinal symptoms that
may be experienced by participants. The use of psyllium fibre and consumption of adequate
water is suggested.
For participants with 240kg/m2 can have all 4 sachets made with low fat milk to supple additional
protein (4 x 250ml = 1000ml). This additional milk will provide an extra 100kcal per day and 8.5
grams of protein per day.
Special precautions
The following participants should be monitored by their GP during weight loss as dosage of
medication might need to be adjusted with weight loss:

- Participants that are prescribed anti-coagulant for a clotting disorder

- Participants using medication for hypertension or use of diuretics.
If a participant is experiencing mild adverse effects that may affect compliance, the dietitian can
suggest methods to alleviate the symptoms such as lactose free milk, spreading out meals, eating
slowly, and drinking insufficient fluid intake. If symptoms persist and participant is not able to
tolerate the LED, the participant cannot continue the study and must be excluded. If a participant
reacts towards a component in the LED, the intervention must be ended immediately.
Weight loss — A LED with a daily energy intake of approximately 800-950kcal may typically result
in a weight loss of 1000 grams or more per week. Usually, the weight loss is larger in the first
weeks but the opposite situation may also occur. The size of weight loss depends on the
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participants’ initial weight, gender, muscle mass, age, physical activity and compliance to the
LED.

Participants who have been using the LED may experience gastrointestinal disturbances during
re-feeding, in particular abdominal pain, reflux symptoms, nausea and early satiety. To minimize
discomfort, the participants should be advised to pay attention to satiety signals, adjust their
portion sizes and avoid returning to former larger portions.

Instructions on how to prepare the Cambridge Meal Replacement Product were given to
participants as follows:

To prepare the Cambridge Meal Plan shakes and soups you will need:

A drink shaker (supplied) OR stick blender and container

Cold OR warm (not boiling) water OR milk

Shakes:

Pour 250ml cold skim milk/water into a shaker or container.

Add 1 sachet of Cambridge shake powder and the wire-mixing ball.

Place the lid on the shaker and shake vigorously for 45-60 seconds OR mix shake powder and
water using a stick blender.

Consume shake cold and within 15 minutes of making it for full nutritional benefit.

4,3,2,1-> SUCCESS!!

The Cambridge Diet can be a little bit confusing, so just remember each day: 4, 3, 2, 1.

4 = The number of Cambridge products and the ‘units’ of free vegetables per day.

3 = The number of sachets on skim milk per day.

2 =The litres of water you need per day.

1 = Take the diet 1 day at a time. It will be challenging, but remain positive and take focus on
getting through it one day at a time. It will get easier as time goes on.

Hints: Remember to make sure the shaker lid is on tight and place your finger over the lid/opening
when shaking to avoid spilling it.

Always carry a spare shake with you in case you spill one, or get caught without one when your
next meal is due. Shakes can taste better when they are colder. To make your shake colder, add
1-2 ice cubes to it before shaking (this can also help break up any lumps of shake powder).
Shakes taste nicer when made with milk AND soup taste nicer when made with water.

Some varieties of shakes make a delicious warm drink — simply mix with warm (not
boiling)milk/water. If making a warm shake please use a stick blender,

To increase variety you can flavour your shakes with: vanilla or other flavoured essence; Ground
spices e.g. cinnamon, nutmeg; Coffee or instant coffee (mixed with little hot water)

Example LED day

Example 1: B: Apple and Cinnamon porridge (LED sachet) made with 250ml trim milk and cup of
coffee

AM: 1 cup stir-fry mushrooms (spray oil), 1 cup of tea and glass of water

L: Leek and Potato soup (LED sachet), made with 250ml hot water, 1 cup of salad

PM: Chocolate Orange shake (LED sachet) made with 250ml trim milk, glass of water

D: Chocolate shake (LED sachet) made with 250ml trim milk, 1 cup of salad

S: 1 diet jelly and 1 piece chewing gum

Example 2 (lactose free)
B: Chocolate shake (LED sachet) made with 250ml soy milk, chewing gum
AM: 1 cup of tea and chewing gum
L: Leek and Potato soup (LED sachet), made with 250ml hot water
PM: 1 cup of stir-fry vegetables and Chocolate shake (LED sachet) (made with 250ml soy milk)
D: Chocolate shake (LED sachet) (made with 250ml soy milk), 1 cup of miso soup
S: 3 pieces of cucumber, 2 pieces of tomato, 1 cup of tea (little trim milk and 1 artificial sweetener)
You may chew sugar-free chewing gum and eat sugar-free breath mints (maximum 10
pieces/day). Some examples include: Extra, 5, Airwaves, or Eclipse Ice sugar-free chewing gum,
or Eclipse sugar-free breath mints (maximum 10 pieces/day).
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List of allowed or ‘free’ vegetables - 2 cups per day
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ALLOWED NOT ALLOWED
Free Alfalfa sprouts  Cauliflower Radish Green bananas
Asparagus Cucumber Rocket salad Corn
Green beans Eggplant Shallots Peas
Bok choy Fennel Silverbeet Legumes  (lentils,
Broccoli Garlic Snowpeas  chickpeas)
Brussels sprouts Lettuce Spinach Potato
Celery Leek Tomato Pumpkin
Cabbage Mushrooms  Watercress i\lijvriztra potato  /
Carrot (max 1/d) Puha aro
Yams
Beetroot
Herbs and All spices Curry powder  Paprika
> Basil Dill Parsley
Celery flakes Garlic Pepper
Chili Ginger Rosemary
Chives Mint Sage
Cinnamon cloves  pustard seed Thyme
Coriander Nutmeg Turmeric
Cumin Oregano Tarragon
Condiments Lemon/lime juice Artificial NO:
gnd Fish Sauce sweetenérs | Sugar, honey
weeteners Vinegar (e.g. qual, Oil/butter etc
. Splenda, .
Worcestershire  /  stevia) Mayonnaise
Soy sauce Tomato sauce
Tomato paste
Drinks Aim for 2L of water Tea and NO:
per day in addition coffee (black Alcohol
to the LED in small Fruit ivice
amounts) J
Water 6-8 g/d
Diet cordial
Diet fizzy
(<2/d)
Miscellaneous  Miso soup Artificial
Chicken stock sweetener
(Limit to one per Unsweetened
day) gum
Diet jelly
(<2/d)

No meat, chicken, fish, eggs, dairy, bread, fat or cereals!
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Appendix B: Nutritional information for Shakes from Cambridge Weight Plan (Corby, UK) LED

Per 40g serving % pf RDA per 3 | Per 4 servings
servings

Energy (kJ) 615 2461
Protein (g) 141 56.4
Carbohydrate (g) 14.4 57.6
Fat (g) 2.9 11.5
Saturated fat (g) 0.7 2.6
Fibre (g) 3.3 13.3
Vitamin A (ug) 266.7 100 1066.7
Vitamin D (ug) 1.7 100 6.7
Vitamin E (mg) 4.0 100 16.0
Vitamin C (mg) 26.7 100 106.7
Thiamine (mg) 0.4 100 15
Riboflavin (mg) 0.5 100 1.9
Niacin (mg) 5.3 100 21.3
Vitamin B6 (mg) 0.5 100 1.9
Folacin (ug) 66.7 100 266.6
Vitamin B12 (ug) 0.8 100 3.3
Biotin (ng) 16.7 100 66.7
Calcium (mg) 327.1 100 1308.5
Iron (mg) 4.7 100 18.6
Magnesium (mg) 125.0 100 500.0
Zinc (mg) 3.3 100 13.3
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Appendix C: Nutritional information for Soups from Cambridge Weight Plan (Corby, UK) LED

Per 40g serving % pf RDA per 3 | Per 4 servings
servings

Energy (kJ) 576 2302
Protein (g) 135 53.9
Carbohydrate (g) 13.6 54.2
Fat (g) 25 9.9
Saturated fat (g) 0.4 1.6
Fibre (g) 3.3 13.3
Vitamin A (ug) 266.7 100 1066.7
Vitamin D (ug) 1.7 100 6.7
Vitamin E (mg) 4.0 100 16.0
Vitamin C (mg) 26.7 100 106.7
Thiamine (mg) 0.4 100 15
Riboflavin (mg) 0.5 100 1.9
Niacin (mg) 5.3 100 21.3
Vitamin B6 (mg) 0.5 100 1.9
Folacin (ug) 66.7 100 266.7
Vitamin B12 (ug) 0.8 100 3.3
Biotin (ng) 16.7 100 66.6
Calcium (mg) 266.7 100 1066.7
Iron (mg) 4.7 100 18.6
Magnesium (mg) 125.0 100 500.0
Zinc (mg) 3.3 100 13.3
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Appendix D: Dropouts between CID1/Baseline and CID6/24m, gender and ethnicity differences

© o o a3 k5 3 3 ks
c w © w Al © © © ©
= 5 c - c c c c
a - B g £ £ = £ = £ =
8 o8 o £ E S 8 8 S8
a\: o) a ~ L o © ~ g < g ) N m
] N © g < B © I < B ™ S
a9 29 a g Q v Q v Qv Qv
O c O c O c O c O c O c O c
All 305 267 249 187 144 135 113
Male 73 65 (89%) 61 (88%) 43 (59%) 36 (49%) 36 (49%) 33 (45%)
Female 232 202 (87%) 188 (81%) 144 (62%) 108 (47%) 99 (43%) 80 (34%)
Caucasian 163 154 (94%) 151 (93%) 127 (78%) 100 (61%) 99 (61%) 81 (50%)
Maori/Pacific 112 89 (79%) 77 (69%) 45 (40%) 30 (27%) 23 (21%) 22 (20%)
Other 30 24 (80%) 21 (70%) 15 (50%) 14 (47%) 13 (43%) 10 (33%)
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Appendix E: Multiple regression analysis of change in anthropometric and metabolic outcome variables
and en% protein: unadjusted and adjusted (baseline, gender, ethnicity) models — LVCF data

Outcome VariableSUnad_ju_sted P value Adjus_t_ed P vaIueAdjusted_ modelP value
coefficient (SE) coefficient (SE) (interaction) (SE)
BW(kg) -0.007(0.033) 0.033 -0.007(0.033) 0.9911
BMI(kg/m?) -0.002(0.012) 0.0882 0.001(0.012) 0.9744
WC(cm) -0.010(0.045) 0.8237 0.002(0.045) 0.9698
FM (kg) -0.005(0.026) 0.8558 0.004(0.026) 0.8558
FM (%) -0.021(0.022) 0.3531 -0.015(0.023) 0.5039
Android fat(kg)  -0.001(0.003) 0.7514 0.001(0.003) 0.9345
FFM (kg) -0.005(0.008) 0.5518 -0.006(0.008) 0.4831
FFM (%) -0.001(0.01) 0.9584 -0.002(0.01) 0.8536
SBP(mmHg) -0.031(0.092) 0.738 0.022(0.088) 0.8069
DBP(mmHg) -0.065(0.052) 0.2084 -0.069(0.05) 0.1653
FPG(mmol/l) 0.001(0.003)  0.7241 0.001(0.002) 0.7011
2h-PPG(mmol/l) 0.001(0.009)  0.9505 0.003(0.009) 0.7638
AUCaglucoseTo-120m  0.19(0.852) 0.8233 0.406(0.829) 0.6246
HbAic(mmol/mol) 0.003(0.011)  0.7942 0.004(0.01) 0.7012
Insulin(mU/1) -0.019(0.022) 0.3841 -0.016 (0.022) 0.4616
HOMA-IR -0.004(0.006) 0.5345 -0.003(0.006) 0.6342
C-Peptide(pmol/l) -1.743 (1.058) 0.1009 -1.504(1.045) 0.1515
hs-CRP (mg/l) -0.014(0.025) 0.5677 0.004(0.024) 0.883
TC(mmol/l) 0.01 (0.005) 0.0487 0.009(0.005) 0.0838
HDL-C(mmol/l)  0.005(0.001) <0.001 0.005(0.001) <0.001
LDL-C(mmol/l) ~ 0.006(0.004)  0.1374 0.005(0.004) 0.2321
TG(mmol/l) -0.001(0.003) 0.5872 -0.001(0.003) 0.5675
TC:HDL ratio -0.007(0.003) 0.0396 -0.008(0.003) 0.0223
Gl (units) -0.282(0.038) <0.001 -0.284(0.036) <0.001
TE (kJ/d) 11.134(21.947) 0.6124 -27.725(20.092) 0.1689 -126.543(24.703) <0.001
-12m vs. 6m -4339.92(605.45) <0.001
-24m vs. 6m -3517.26(831.87) <0.001
-Baseline TE -0.573(0.041) <0.001

- Male vs. Female 508.196(309.735) 0.1021

-Maori/Pacific  vs. 888.163(290.826) 0.0025

Caucasian

-Other VS.
Caucasian

620.967(480.074) 0.1971

BW, body weight; BMI, Body Mass Index; WC, waist circumference; FM, Fat Mass; FFM, Fat Free Mass; SBP, Systolic blood
pressure; DBP, Diastolic blood pressure; FPG, Fasting Plasma Glucose; 2h-PPG, Postprandial Plasma Glucose at 2-hour
timepoint; AUCalucoseTo-120, Area under the glucose curve time 0-120 min; HbA1c, Glycated Haemoglobin; Insulin, Fasting serum
insulin; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; C-Peptide, serum connecting peptide; hs-CRP, high
sensitivity C-reactive protein; TC, Total cholesterol; HDL-C, High density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; TG, triglycerides; TC:HDL ratio, Total cholesterol:high density lipoprotein ratio; TE, Total Energy 4 day diet record;
Gl, Glycaemic Index
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Appendix F: Multiple regression analysis of change in anthropometric and metabolic outcome variables
and en% protein: unadjusted and adjusted (baseline, gender, ethnicity)models — multiple imputation
data

Unadjusted coefficientP value Adjusted coefficient (SE) P value

Outcome variables

(SE)

BW (kg) -0.104(0.052) 0.0706  -0.101(0.051) 0.0749
BMI (kg/m2) -0.035(0.018) 0.081 -0.034(0.018) 0.0876
WC (cm) -0.02(0.069) 0.7751  -0.011(0.072) 0.8771
FM (kg) -0.043(0.043) 0.3372  -0.038(0.046) 0.4311
FM (%) -0.049(0.037) 0.2185  -0.04(0.039) 0.3366
Android fat (kg) -0.007(0.005) 0.1759  -0.007(0.005) 0.1994
FFM (kg) -0.022(0.017) 0.2134  -0.027(0.017) 0.1357
FFM (%) -0.027(0.02) 0.2076  -0.036(0.02) 0.1143
SBP (mmHg) -0.091(0.135) 0.5159  -0.065(0.131) 0.6322
DBP (mmHg) -0.06(0.072) 0.4241  -0.072(0.07) 0.3281
FPG (mmol/l) 0.00(0.004) 0.9347  0.00(0.004) 0.9192
2h-PPG (mmol/l) 0.001(0.009) 0.9505  0.003(0.009) 0.7638
AUCoiucoseTo-120m 0.19(0.852) 0.8233  0.406(0.829) 0.6246
HbA1c (mmol/mol) -0.026(0.015) 0.1227  -0.023(0.015) 0.1396
Insulin (mU/1) -0.037(0.046) 0.4477  -0.021(0.046) 0.6586
HOMA-IR -0.007(0.011) 0.5834  -0.002(0.011) 0.8534
C-Peptide (pmol/l) -3.333(1.96) 0.1312  -2.485(1.943) 0.2397
hs-CRP (mg/l) 0.035(0.041) 0.4064  0.042(0.037) 0.2755
TC (mmolll) -0.005(0.007) 0.5107  -0.007(0.007) 0.3928
HDL-C (mmol/l) 0.003(0.002) 0.2242  0.002(0.002) 0.2694
LDL-C (mmol/l) -0.004(0.006) 0.5076  -0.005(0.006) 0.3941
TG (mmol/l) -0.006(0.004) 0.1766  -0.006(0.004) 0.2089
TC:HDL ratio -0.015(0.006) 0.0432  -0.015(0.006) 0.0375
Gl (units) -0.377(0.055) <0.001  -0.39(0.05) <0.001
TE (kJ/d) 46.592(31.307) 0.1671  41.944(26.001) 0.1348

BW, body weight; BMI, Body Mass Index; WC, waist circumference; FM, Fat Mass; FFM, Fat Free Mass;

SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting Plasma Glucose; 2h-PPG,
Postprandial Plasma Glucose at 2-hour timepoint; AUCalucoseTo-120m, Area under the glucose curve time O-
120 min; HbAs, Glycated Haemoglobin; Insulin, Fasting serum insulin; HOMA-IR, Homeostatic Model
Assessment for Insulin Resistance; C-Peptide, serum connecting peptide; hs-CRP, high sensitivity C-
reactive protein; TC, Total cholesterol; HDL-C, High density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol; TG, triglycerides; TC:HDL ratio, Total cholesterol:high density lipoprotein ratio; Gl,
Glycaemic Index; TE, Total Energy 4-day diet record; GI, Glycaemic Index
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Appendix G: PREVIEW NZ flowchart - number of participants per CID and T2D diagnosis

Post — screening

n=321

.

ClID1/Baseline

n=306

@ Did not meet 8% BW goal,
n=17

CID2/Post LED

> Diagnosed T2D, n=1

n=267

n=249 commenced weight loss

{ } maintenance phase

CID3/6m

Diagnosed T2D, n=1
CID4/12m :
»| Diagnosed T2D, n=4
CID5/18m .| Diagnosed T2D, n=2
CID6/24m :
l »| Diagnosed T2D, n=4
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