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Abstract 
 

Background: Type 2 diabetes mellitus (T2DM) is a significant health problem that imposes a 

large global economic and social burden on individuals, families and healthcare systems. It is 

the main cause of kidney insufficiency, blindness and non-traumatic amputations. T2DM is 

also a major risk factor for cardiovascular disease, which is the leading cause of mortality in 

people with T2DM. As T2DM is a metabolic disease, there is a large body of research around 

diet and diabetes. Human intervention studies have evaluated dietary components and dietary 

patterns for managing blood glucose levels in people with T2DM who have lost the ability to 

manage levels homeostatically. Through this body of work, there is clear evidence that 

sustained periods of high diet quality have positive effects on glycaemic control. However, 

surprisingly little is known about the diet quality of people with T2DM who are not 

participating in intervention studies, which is majority of the population with T2DM. 

Evaluating the usual dietary intake of certain groups is an important research activity that can 

help influence public health initiatives, inform dietary education materials and contribute to 

the development of targeted nutritional interventions. Improved, tailored care may lead to 

higher diet quality in people with T2DM, consequently reducing diabetes-related 

complications and healthcare costs. 

 

To enhance understandings of the natural course in adults’ diet quality with T2DM, the aims 

of this PhD were to: (i) synthesise evidence regarding the dietary intake of people diagnosed 

with T2DM; (ii) investigate how diet quality changes after diagnosis in people newly diagnosed 

with T2DM and (iii) identify the factors (demographic, physical and psychosocial) associated 

with changes in diet quality in people newly diagnosed with T2DM. These aims were addressed 

in three phases of research. 

 

Phase 1: A systematic literature review was conducted to investigate the dietary intake (by 

food group) in people with T2DM and compare these intakes to national and international 

dietary guidelines. Eleven studies met the inclusion criteria and were included in the final 

review. Findings (published in Diabetes Research and Clinical Practice, 2018) indicated that 

majority of people with T2DM were consuming less than the recommended serves of fruit, 

vegetables, grains and dairy and were meeting or exceeding the recommended serves for 

meat/meat alternatives. However, included studies only reported cross-sectional data and did 

not control for length of time with diabetes among participants. While cross-sectional analyses 
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provide a snapshot of diet quality, there was no quantitative data on how people with T2DM 

change their diet quality over time, particularly from the point of diagnosis. This meant it was 

difficult to determine whether diet quality remains fixed once an individual is diagnosed or 

whether there are periods of marked dietary change. These findings went on to inform Phase 2 

of this thesis.  

   

Phase 2: The systematic review findings informed the protocol for an observational, case-

series study titled, “How does Diet change with a Diagnosis of Diabetes – The 3D study” 

(published in Nutrients, 2019). The 3D study was conducted in Australia between 2018-2020 

and recruited 225 people newly diagnosed with T2DM (in the 6-months prior to recruitment) 

and monitored their dietary intake and demographic, health and psychosocial characteristics 

over 12-months. Diet quality was assessed using the Dietary Approaches to Stop Hypertension 

(DASH) dietary pattern scoring tool. The project was led by the candidate as the substantive 

work towards this thesis. 

 

Phase 3: Phase 3 involved the analysis of short and long-term outcomes from the 3D study 

(one paper published in Nutrition and Dietetics, 2020 and another under consideration with 

Public Health Nutrition) as well as a process evaluation (Chapter 8). The objective of the short-

term outcome paper was to quantify short-term improvements in diet quality and to identify 

factors associated with improvements after T2DM diagnosis among participants in the 3D 

study. Participants were categorised into two groups: those who improved their DASH score 

by 3 or more points between baseline and 3-months and those who did not. Factors associated 

with change in DASH scores were clinically and statistically evaluated. Diet quality changes 

after diagnosis did not appear to be associated with demographic characteristics but were 

associated with some health factors. It was concluded that strategies targeted at better 

supporting smokers, those with low physical activity levels and men with a higher body mass 

index (BMI) are required.  

 

The second outcome paper (currently under consideration with Public Health Nutrition) aimed 

to examine how the diet quality of individuals newly diagnosed with T2DM changed over the 

12-month 3D study period and to identify factors associated with diet quality changes. To 

assess changes in DASH, energy, fruit and vegetable intake over time, repeated measure 

analyses of variance (ANOVA) were used. Multivariate repeated measures models were used 

to investigate whether these dietary changes were associated with demographic, health or 
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physical characteristics. Participants were categorised into diet quality change profiles based 

on early (3-month) and long-term (12-months) changes to DASH score. Results showed that 

diet quality improvements after a diagnosis of T2DM are not maintained to 12-months. The 

development of cost‐effective, real-world interventions to achieve sustained diet quality 

change early after diagnosis are warranted. 

 

The process evaluation of the 3D study aimed to: (i) evaluate participant perceptions of the 

processes underpinning the 3D study, (ii) explore participant experiences of the study to give 

a deeper understanding of its effects, (iii) investigate if involvement in the 3D study may have 

impacted diet quality and/or physical activity levels over the observation period and (iv) seek 

reasons for drop out. Results found the design and implementation of the 3D study to be sound. 

Participants had favourable perceptions towards the processes underpinning the 3D study and 

positive experiences related to their participation. Participation served as a reminder to some 

participants to practice healthy diet and exercise behaviours prior to the scheduled interview 

time, but this did not appear to greatly impact the study results. 

 

The research in this thesis contributed important, novel findings relevant to the dietary intake 

of an at-risk group, providing a solid foundation for future work in this area that was not 

previously available. The research findings suggest that the majority of people with T2DM do 

not make significant sustained improvements to their diet quality in the 12-months after 

diagnosis. In the short term, (3-months after diagnosis) some health factors were associated 

with diet quality change including having a lower BMI, being a non-smoker and having higher 

physical activity levels at baseline. These findings will be able to be used to test novel 

interventions of state and non-government organisations to help reduce the impact of diabetes, 

improve patients' quality of life and help decrease health care costs attributed to diabetes-

related complications. 
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Chapter 1. Introduction 

 

I believe that high quality, effective healthcare should be a universal priority. In order to 

provide such care, it is important to not only understand a person’s diet-disease 

relationship, but also their history and ongoing life experiences as this can greatly impact 

their lifestyle choices and consequently, their health. Much diet-disease research is 

focused on either developing interventions or trying to reduce risk for developing the 

disease in the first place. However, I believe it is important to observe the natural course 

of what happens in the real world and what factors are influencing those decisions before 

making effective, tailored interventions. Thus, this thesis focuses on observationally 

assessing diet quality in people newly diagnosed with type 2 diabetes mellitus (T2DM) 

and the factors (demographic, physical, psychosocial) that may influence this.  

 

  1.1 Overview  

Diabetes is one of the most common non-communicable (NCDs) in the world (1). In 

2019, 463 million people were living with diabetes, compared to 108 million in 1980 (2, 

3). Approximately 4.2 million adults died as a result of diabetes and its complications in 

2019, equivalent to one death every eight seconds (1). Each year, diabetes is estimated to 

cost global health economies approximately US $727 billion (3, 4). The development of 

effective preventative and early management strategies for diabetes are imperative to 

reduce its prevalence and subsequent individual and economic burden. 

 

T2DM accounts for approximately 90% of all diabetes cases worldwide (5, 6). T2DM is 

a chronic condition characterised by defects in the insulin response mechanism (2). If 

unmanaged, T2DM can lead to higher than optimal blood glucose levels which are 

associated with an increased risk of a number of macro and micro-vascular complications 

including kidney failure, limb amputation, blindness and cardiovascular disease (CVD) 

(5, 7). Effective glycaemic control, measured by serum levels of glycated haemoglobin 

A1c (HbA1c), can help prevent or delay the development of such complications (7). The 

United Kingdom Prospective Diabetes Study found that each 1% reduction in HbA1c was 

associated with a 37% decrease in risk for microvascular complications and a 21% 

decrease in risk of any end-point or death related to diabetes (8). However only half of 

Australians with T2DM currently demonstrate adequate glycaemic control (9). This 

highlights the need to investigate why people with T2DM are not achieving glycaemic 

control.  
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  1.2 Diet quality and T2DM health outcomes  

The relationship between diet quality and health outcomes in people with T2DM is well 

established (4, 10, 11). High quality diets are typically low in processed foods and rich in 

fruits, vegetables, wholegrains, nuts and legumes and low-fat dairy (12). In observational 

studies of people with T2DM, a higher diet quality has been associated with decreased 

rates of CVD events (13), CVD mortality (13) and total mortality (14). A cross-sectional 

study in Brazil found lower diet quality was associated with poorer glycaemic control in 

a sample of 225 people with T2DM (15). Optimal diet quality clearly has positive effects 

on glycaemic control and risk of T2DM complications. 

 

While the impact of diet quality on glycaemic control is well-recognised, the current 

dietary intake of people diagnosed with T2DM is unclear. A qualitative study conducted 

in Australia has shown that people newly diagnosed with T2DM report to make 

immediate, widespread improvements in their diet quality (16). However, many 

participants also expressed challenges in maintaining positive changes over time, feeling 

restricted in dietary choices, being uncertain of ideal dietary behaviours and feeling 

unheard and rushed when speaking about their diet with health professionals (16). While 

these qualitative findings cannot be generalised to the entire population with T2DM, they 

do suggest it is important to investigate dietary intake and how it changes over time in a 

quantitative study of people newly diagnosed with T2DM.  

 

No existing research has used a quantitative approach to longitudinally explore changes 

in the diet quality of individuals newly diagnosed with T2DM, nor the factors that 

influence diet quality change over time. Understanding patterns of diet quality and how 

they change over time after diagnosis may provide important information regarding 

nutrition behaviours and how support can be targeted to improve dietary intakes. 

Identifying those groups whose diet quality remains poor after diagnosis may assist in 

establishing nutrition screening programs and targeted interventions. Future strategies 

could be individually tailored to the factors that influence change in diet quality, leading 

to higher quality healthcare, better patient experiences and an increased likelihood of 

following lifestyle advice. If more people with T2DM make positive changes to their diet 

quality, rates of diabetes-related complications and associated individual and healthcare 

costs will be reduced. 
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Chapter 2. Literature review  
 

 2.1 Preface 

This purpose of this chapter is to critically appraise literature relevant to the dietary intake 

of people diagnosed with T2DM. The chapter is divided into four sections. In section 2.2, 

“Background to T2DM”, the international prevalence of T2DM and the risk factors 

associated with the disease development are outlined. Details on the economic and 

individual burden attributable to T2DM are also described. In section 2.3, “T2DM 

management”, the role of glycaemic control in determining diabetes-related complication 

risk is discussed and the impact lifestyle modifications have on reducing that risk are 

highlighted. The effectiveness of dietary modification on improving glycaemic control is 

the main focus of this section. Section 2.4, “Dietary intake in people with T2DM”, 

evaluates the international literature that assesses; (i) the current dietary intake of people 

with T2DM and (ii) the common dietary modifications made in response to diagnosis. 

Finally, section 2.5, “Factors that influence the dietary intake of people with T2DM”, 

discusses the factors (demographic, physical/health and psychosocial) that have been 

cited by researchers as influencing the dietary intake of both people with T2DM and the 

general population. Section 2.6 discusses the research aims of this thesis and section 2.7 

discusses the significance of the research.  

 

Bibliographic databases including: MEDLINE®, Google Scholar, CINAHL, Science 

Direct and Scopus were searched for peer-reviewed papers relevant to the topic between 

February 2017 and October 2020. The following search terms were used: diabetes, type 

2 diabetes, non-insulin dependent diabetes mellitus, nutrition, diet, diet quality, dietary 

intake, food group intake, change, modification, improvement and adherence. Reference 

lists were cross matched in order to ensure literature saturation was accomplished and 

international government documents, reports and websites were used to gain appropriate 

statistical data and definitions relevant to the topic.  

 

  2.2 Background to T2DM 

Diabetes is a significant chronic disease of global importance (17). The global diabetes 

prevalence in 2019 was 463 million people, a number expected to increase by 48% to 

628.6 million by the year 2045 (2, 3). Approximately 1.2 million Australians have 

diabetes, 90% of whom have T2DM (17). This number could be up to 1.7 million, as the 

number of people with undiagnosed T2DM is estimated to range from between 250, 000 
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to 500, 000 (18). Some of the main drivers for the rising prevalence of T2DM in Australia 

include; the ageing population, the global nutrition transition, physical inactivity and 

increases in the population prevalence of obesity (9). T2DM is a disease that presents a 

significant threat to human health and warrants further consideration (19).  

Most risk factors for T2DM are modifiable including: overweight and obesity, sedentary 

lifestyle behaviours, poor diet quality, smoking status, high blood cholesterol and 

impaired glucose regulation (2). The World Health Organization (WHO) have identified 

several dietary patterns that increase the risk for unhealthy weight and/or T2DM (2). 

These include a high intake of saturated fatty acids, a high total fat intake, inadequate 

consumption of dietary fibre and a high intake of sugar-sweetened beverages (20). 

Conversely, a 2014 systematic review found diets rich in wholegrains, fruits, vegetables, 

legumes, and nuts; moderate in alcohol consumption; and lower in refined grains and red 

or processed meats, have been shown to reduce the risk of T2DM and improve glycaemic 

control (12). Managing modifiable risk factors can lower an individual’s risk of 

developing T2DM and its corresponding complications (17). Therefore, it is important to 

investigate ways to support all people to maintain healthy lifestyle behaviours.  

Aetiology of T2DM 

T2DM is characterised by insulin resistance, followed by beta cell dysfunction causing 

relative insulin deficiency (21). The process of inappropriate insulin action results in 

abnormalities in the metabolism of carbohydrate, fat and protein which leads to higher 

than optimal serum blood glucose levels (2). If unmanaged, chronic high blood glucose 

levels increase the risk of disabling and life-threatening complications developing. These 

can include microvascular complications affecting the kidneys, eyes and limbs and 

macrovascular complications involving the cardiovascular, cerebrovascular and 

peripheral vascular systems (8). CVD is the primary cause of mortality in Australia (22), 

with around 65% of all CVD deaths occurring in people with diabetes or pre-diabetes (9). 

T2DM has also been associated with increased rates of specific cancers (23) and poor 

psychological well-being (24). Poor psychological well-being can compromise adherence 

to diabetes treatment and further increase the risk of complications developing (25). In 

view of these adverse complications, strategies to help people manage their blood glucose 

levels should be considered a priority around the world.  
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Burden of T2DM 

T2DM imposes a large global economic burden on individuals, families and healthcare 

systems (1). This burden is associated with direct medical costs for preventing and 

treating diabetes and its complications, and loss of family income caused by disability 

and premature loss of life (2). The Australian government spends considerable amounts 

of money on programs to help treat or manage diabetes-related problems including the 

Pharmaceutical Benefits Scheme (26) which subsidises medicines used to treat diabetes 

and the Medicare Benefits Schedule which helps pay for patient care including Chronic 

Disease Management plans (27). In Australia, the total annual cost for people with T2DM 

is estimated to be AU$6 billion, including healthcare costs, the cost of carers and 

Commonwealth government subsidies (9). The excess cost of T2DM to individuals and 

the government is substantial and is greater in those with complications (9). If an 

individual with T2DM has no associated complications, annual healthcare costs are 

estimated at approximately AU$4,025 (9). If the individual has both microvascular and 

macrovascular complications this estimated cost rises to AU$9,645 per year (9). Without 

effective action to reduce complication rates, the cost of diabetes is expected to 

continuously rise (28).  

 

Healthcare service provision for people with T2DM 

Primary care is often the first point of healthcare service provision for people with T2DM 

(29). People with T2DM experience better outcomes when they have access to primary 

care provided by a multidisciplinary team (30, 31). This team involves various health 

specialists including; general practitioners (GPs), practice nurses, medical specialists and 

allied health professionals (diabetes educators, dietitians, optometrists, pharmacists and 

podiatrists). A 2012 study with 967 Australians with T2DM showed participation in a 

multidisciplinary disease management program that incorporated self-management 

principles, improved both glycaemic control and health-related quality of life (32). A 

2019 Chinese study reported community-nurse-led multidisciplinary team management 

for two years led to significant positive effects on glycaemic control, quality of life, 

hospitalisation, and help-seeking behaviour in 88 adults with T2DM (33). Clearly, 

targeted, tailored and effective care can be beneficial for T2DM outcomes.  

 

Billions of dollars are currently spent on expensive, hospital treatment for late stage 

diabetes-related complications in Australia where outcomes are often poor (9). Many of 

these complications and hospitalisations could be prevented through a more effective 
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primary care system designed for early intervention. This early intervention would lead 

to greater quality of life for people with T2DM and a decreased economic burden on the 

Australian health system and society. 

 

 2.3 T2DM management 

Effective glycaemic control, measured by HbA1c, can help prevent or delay diabetes 

related complications (7). A 2011 study conducted in the United Kingdom (UK) aimed at 

determining 5-year mortality rates among people newly diagnosed with T2DM found that 

an important predictor of morbidity was HbA1c achieved at 3-months after diagnosis 

(34). Mortality rates were found to be almost double in people with an HbA1c of ≥8.5% 

at 3-months, compared to those with a HbA1c of <6.5% at 3-months, even after correcting 

for age at diagnosis (34).  

 

Early and tight glycaemic control is essential for T2DM management as it has been shown 

to reduce the risk of complications and mortality, regardless of whether control is relaxed 

later in the disease course (35). In Australia, the Royal Australian College of General 

Practitioners (RACGP) outline that glycaemic goals for optimum management include a 

HbA1c of <7% (test results that range between 6.5% and 7.5% reflect this target) and 

blood glucose levels (BGL) between 6-8 mmol/L fasting and 8-10 mmol/L postprandial 

(21). However, it is advised these targets be individualised so that disease duration, life 

expectancy, history of severe hypoglycaemia and advanced complication status are taken 

into account (36). In one 2009 Australian study, less than half (47.7%) of patients with 

T2DM (n=3,893) seen in general practice had an HbA1c of <7.0% and 25% had an 

HbA1c of >8% (37). This highlights the importance of further research on this topic. 

 

Lifestyle modifications including having a high diet quality and getting regular physical 

activity are fundamental aspects of international T2DM management recommendations 

in Australia (21), the UK (38), Canada (39) and the United States (US) (40), as they 

contribute towards obtaining glycaemic control. Pharmacological intervention may also 

be required later in the disease course depending on the individual’s circumstances (41). 

However, the use of medications does not obviate the importance of lifestyle 

modifications, which continue to play an important role in the more advanced stages of 

T2DM (42). 
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Physical activity 

Physical activity has been shown to elicit improvements in glycaemic control in people 

with T2DM (43, 44). In Australia, people with T2DM are advised to follow the same 

physical activity guidelines as the general population (21). These guidelines recommend 

at least 30 minutes of moderate physical activity on most, if not all days of the week (total 

>150 mins a week) (45). A systematic review and meta-analysis of 47 randomized 

controlled trials (RCT) assessed associations of physical activity regimes on changes in 

HbA1c among people with T2DM and found structured exercise durations of more than 

150 minutes per week were associated with clinically significant HbA1c reductions of 

0.89% (46, 47). The National Health Interview Study showed females with T2DM who 

reported walking for at least two hours per week had a 39% lower all-cause mortality rate 

and a 34% lower CVD mortality rate compared to those who reported no walking 

(48). Physical activity has beneficial effects on health outcomes for people with T2DM 

and should be encouraged. 

 

Dietary management 

Dietary modification is a key component of diabetes management guidelines (21, 39). 

This is because dietary modification strategies aimed at improving diet quality and/or 

body weight can contribute to improvements in glycaemic control, blood pressure, weight 

and lipid levels in people with T2DM (47, 49). Findings from a 2018 RCT of 306 adults 

with T2DM in Scotland and England found that by 12-months, almost half of participants 

achieved remission to a non-diabetic state and came off antidiabetic drugs after receiving 

a dietary intervention and structured support for long-term weight loss maintenance (50). 

A 2011 RCT of 248 adults with T2DM (diagnosed 5-8 months previously) found an 

intensive diet intervention with dietary consultation every 3-months and monthly nurse 

support, significantly improved HbA1c by 0.28% (47). Another 2010 RCT found 

intensive individualised dietary advice for 6-months resulted in HbA1c reductions of 

0.4% (10). This is comparable with that seen in clinical trials when a new drug has been 

added to conventional agents (51, 52). Clearly, intensive dietary support early after the 

diagnosis of T2DM is beneficial.  

 

Dietary management for people with T2DM has been extensively researched, however, 

the optimal dietary approach has not yet been identified (53, 54). The most recent T2DM 

dietary management guidelines published by the Diabetes UK in 2018 (55), the Dietetics 

Association of Australia in 2018 (56), the American Diabetes Association in 2019 (57) 
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and the Canadian Diabetes Association in 2018 (39) state that there is no ideal proportion 

of macronutrients (carbohydrate, fat and protein) that should be recommended to all 

people with T2DM. Instead, they recommended that macronutrient proportions are 

individualised based on assessment of current dietary patterns, preferences and metabolic 

goals.  

 

Recent evidence surrounding the optimal dietary approach for T2DM management has 

shifted from a nutrient focus towards a food-based dietary pattern approach (58, 59). This 

is because dietary patterns consider synergistic effects on health outcomes compared with 

isolated foods (e.g. fruit) or nutrients (e.g. protein) and can assess cumulative effects of 

the overall diet (60). There is no ideal dietary pattern expected to benefit all people with 

T2DM, however, several different dietary patterns are established to be beneficial (61, 

62). A 2019 systematic review of RCTs examined evidence on the effectiveness of six or 

more months of low carbohydrate, macrobiotic, vegan, vegetarian, Mediterranean and 

intermittent fasting diets compared to low fat diets on diabetes control and management 

(61). The researchers found that mounting evidence supports the view that vegan, 

vegetarian and Mediterranean dietary patterns should be implemented in public health 

strategies to better control glycaemic markers in individuals with T2DM (61). Further, a 

2019 consensus report identified that the Mediterranean-style, vegan or vegetarian, low 

carbohydrate and Dietary Approaches to Stop Hypertension (DASH) dietary patterns (53) 

are appropriate for T2DM management. Table 2.1 provides an overview of the general 

features of each of these dietary patterns. 
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Table 2.1 General features of dietary patterns used in the management of T2DM 

Dietary pattern General features  

Mediterranean A high consumption of fruits, vegetables, legumes, nuts, seeds, 

cereals and whole grains; moderate-to-high consumption of olive 

oil (as the principal source of fat); low to moderate consumption 

of dairy products (mainly yoghurt and cheese), fish and poultry; 

and low consumption of red meat, as well as low to moderate 

consumption of wine, mainly during meals and concentrated 

sugars or honey rarely (53). 

Vegetarian/vegan Vegan diets devoid of all animal-derived products. Vegetarian 

diets devoid of some animal products including lacto-ovo 

(consuming dairy or eggs), pesco (consuming fish, eggs, or 

dairy) and semi (consuming all but no red meat and poultry) 

(53). 

Low carbohydrate Emphasises vegetables low in carbohydrate (such as salad 

greens, broccoli, cauliflower, cucumber and others); fat from 

animal foods, oils, butter and avocado; and protein in the form of 

meat, poultry, fish shellfish, eggs, cheese nuts and seeds. Some 

low carbohydrate plans include fruit (e.g. berries) and a greater 

array of non-starchy vegetables. Low carbohydrate is defined as 

reducing carbohydrates to 26-45% of total energy (53). 

DASH  Rich in vegetables, fruits, and low-fat dairy products, including 

wholegrains, poultry, fish, and nuts; lower in saturated fat, red 

meat, sweets, and sugar containing beverages. May also be 

reduced in sodium (53). 
DASH = Dietary Approaches to Stop Hypertension 

Table adapted from (53) 

  

 

Adherence to the Mediterranean dietary pattern has been shown to improve glycaemic 

control and blood pressure, and reduce CVD risk factors in people with T2DM (63-65). 

In 2015, a systematic review and meta-analysis was published summarising evidence 

surrounding the efficacy of the Mediterranean diet in the management of T2DM (64). The 

researchers found an overall effect estimate for HbA1c of -0.47%, favouring the 

Mediterranean diet, compared with usual care or low-fat diets (64). One of the largest and 

longest RCTs, the PREDIMED trial conducted in Spain randomly assigned participants 

who were at high CVD risk to one of three diets: a Mediterranean diet supplemented with 

extra-virgin olive oil, a Mediterranean diet supplemented with mixed nuts, or a low-fat 

control diet (63). After a median follow-up of 4.8 years, participants with T2DM 

(n=3,614) in both intervention groups showed an approximate 30% reduced risk for 

cardiovascular events compared with the control group (63). In 2005, the Dietary 

Intervention Randomized Controlled Trial (DIRECT) randomly allocated obese adults  

with T2DM to a calorie-restricted Mediterranean style, calorie-restricted lower-fat, or 

low-carbohydrate (without emphasis on calorie restriction) dietary pattern (65). 
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Researchers found HbA1c was lowest in the low-carbohydrate group after two years, 

while fasting plasma glucose was lower in the Mediterranean group than in the lower-fat 

group (65).  

 

Plant-based dietary patterns including vegetarian and vegan diets have shown mixed 

results on glycaemia and CVD factors for adults with T2DM (66-68). A 2019 systematic 

review and meta-analysis of RCTs that investigated the effect of vegetarian dietary 

patterns on glycaemic control and other CVD risk factors in individuals with diabetes 

found vegetarian diets improve glycaemic control, low-density lipoprotein and body 

weight/adiposity in individuals with diabetes (67). However, the researchers concluded 

more research is needed to improve confidence in the estimates (67). Another systematic 

review and meta-analysis conducted in 2014 examined the association between 

vegetarian diets and glycaemic control in T2DM (66). Researchers found consumption of 

vegetarian diets was associated with a significant reduction in HbA1c (-0.39%, p=0.001) 

and a non-significant reduction in fasting blood glucose concentration, compared with 

consumption of comparator diets (66). An RCT conducted between 2004 to 2006 sought 

to investigate whether people placed on a low-fat vegan diet (n=49) had greater 

improvements in glycaemic control and cardiovascular risk factors than people assigned 

to a diet following the 2003 American Diabetes Association guidelines (n=50) (68). After 

22 weeks, results showed among medication-stable participants, HbA1c fell 1.23 points 

in the low-fat vegan group, compared to 0.38 points in the control group (p=0.01) (68). 

The low-fat vegan group also had a greater decrease in body weight (-6.5 kgs vs 3.1 kgs, 

p<0.001) and low-density lipoprotein cholesterol levels (-21.2% vs 10.7%, p=0.02) (68). 

 

The use of low-carbohydrate diets in T2DM management remains an area of controversy. 

A number of systematic reviews and meta-analyses have been conducted comparing the 

effects of low-carbohydrate diets to high carbohydrate diets on glycaemic control in 

people with diabetes, but the results remain variable and inconclusive (69, 70). A 2018 

systematic review and meta-analysis assessed the effects of carbohydrate-restricted diets 

(<45% of total energy) on glycaemic control in adults with diabetes (69). It reported 

carbohydrate-restricted diets, particularly those that restricted carbohydrates to <26% of 

total energy, produced greater reductions in HbA1c at 3-months and 6-months than  

moderately restricted low-carbohydrate diets and high carbohydrate diets, with no 

significant difference at 12 or 24 months (69). However, researchers outlined issues with 

evidence quality in the review (69). For example, the high risk of performance and 
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detection bias and inconsistencies in the estimates of effect across studies meant evidence 

of HbA1c change was graded low quality (69). Another systematic review and meta-

analysis conducted in 2017 compared low-carbohydrate to high-carbohydrate dietary 

patterns and found the larger the carbohydrate restriction, the greater the reduction in 

HbA1C  (70). However, HbA1c levels were similar at durations of one year and longer 

for both dietary patterns (70). 

 

The DASH dietary pattern has been shown to be beneficial for glycaemic control, blood 

pressure, body weight, waist circumference and lipid levels in people with T2DM (71-

74). A 2011 RCT conducted in Iran randomly assigned 31 adults with T2DM to either a 

control diet or DASH dietary pattern for 8 weeks (71). Those following the DASH dietary 

pattern, had a significant reduction in body weight (p=0.007) and waist circumference 

(p=0.002) (71). Fasting blood glucose levels, HbA1c and LDL cholesterol also decreased 

significantly (-29.4 ± 6.3 mg/dl, p=0.040, -1.7 ± 0.1%, p=0.040, -17.2 + 3.5 mg/dl, 

p=0.020 respectively) (71). The DASH dietary pattern had beneficial effects on systolic 

(-13.6 ± 3.5 vs. -3.1 ± 2.7mmHg, p=0.020) and diastolic blood pressure (-9.5 ± 2.6 vs. -

0.7 ± 3.3 mmHg, p=0.040) compared to the control diet (71). A 12-week RCT conducted 

in Iran in 2019 compared the effects of the DASH diet and American Diabetes 

Association diabetes diet on the lipid profiles of 80 adults with T2DM (74). Results 

demonstrated no significant difference between the two groups in terms of weight loss 

and BMI (74). However, weight and BMI reduction were significant in both groups 

(p<0.001) and both diets significantly decreased triglycerides, total cholesterol and very 

low-density lipoproteins (p<0.05) (74). Free fatty acids also showed a significant decrease 

in both the groups, which was greater in the DASH group compared with the control 

group (p<0.05) (74). Another 2015 RCT conducted in Brazil with hypertensive adults 

with T2DM who had uncontrolled blood pressure (n=40) compared the DASH eating 

pattern incorporating increased physical activity with a standard eating pattern without 

physical activity (73). Results showed blood pressure was lower in the DASH and 

physical activity group, but HbA1c, weight and lipids did not differ (73).  

 

Overall, many dietary patterns have been identified to positively impact on a variety of 

health outcomes for people with T2DM. Further studies are needed to examine synergistic 

effects of individual components of various dietary patterns (12).  
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  2.4 Dietary intake of people with T2DM    

Cross-sectional data identifies that people with T2DM have poor diet quality in both 

developed and developing countries. A 2017 cross-sectional study of outpatients (n=148) 

with T2DM in Brazil aimed to evaluate the concordance between two diet quality indexes, 

the Healthy Eating Index (HEI) and the Diabetes HEI, in evaluating diet quality and 

possible associations with T2DM therapeutic targets (75). Overall, the mean score yielded 

by both indexes classified diet as “needing improvement” (75). Similar results were 

obtained in a 2015 Australian case-control analysis conducted in 98 people with diabetes 

(n=68 with T2DM) (76). The study utilised age, sex and BMI matched controls to 

examine diet quality and adherence to dietary recommendations (76). Diet quality was 

similar for the control group and the group with T2DM, with intakes of fat, saturated fat, 

fibre, fruit and vegetables not meeting recommendations (76). Findings from the 1998-

2012 Korean National Health and Nutrition Examination Survey, which included 4,955 

participants with T2DM, reported poor adherence to dietary recommendations based on 

six components of the dietary guidelines, considering meal patterns and intake levels of 

calories, carbohydrates, vegetable/seaweed, sodium and alcohol (77). In Ireland in 2013, 

a cross-sectional survey showed the diet quality of a sample of people with T2DM (n=65) 

was less than that of a healthy control population (n=46) when measured using the 

Mediterranean Diet Score, the Alternate Mediterranean Diet Score and the Healthy Diet 

Indicator (78). Findings from the United States Third National Health and Nutrition 

Examination Survey which included 1,480 people with T2DM showed 62% ate fewer 

than the recommended servings of fruits and vegetables per day (79). These findings 

suggest that despite dietary intake being a key component of T2DM management 

guidelines, overall diet quality in this group is poor.  

 

Current available research on the diet quality of people with T2DM is limited to cross-

sectional design. We know less about how people with T2DM change their diet quality 

over time. Some qualitative research suggests people with T2DM initially make positive 

changes, but that these improvements are not sustained (16, 80, 81). A 2013 qualitative 

Canadian survey examined self-reported dietary behaviour changes in 2,682 people with 

T2DM based on data from the 2011 “Survey on Living with Chronic Diseases in Canada” 

diabetes component (80). The data showed 89.7% of participants reported making 

positive changes in the type and amount of food consumed after diagnosis, however, only 

37% reported engaging in the recommended diet all the time (80). Another 2013 

qualitative investigation conducted in Mexico reported nearly all participants with T2DM 



 29 

(n=45) followed a prescribed diet at a certain point in their disease course, but strict 

adherence was only temporary (81). These findings are supported by qualitative results 

from a 2016 Australian investigation with 10 adults newly diagnosed with T2DM (16). 

Participants reported making initial attempts to improve their diet intake, but described 

challenges in maintaining changes over time due to negative emotions from the restraint 

required to maintain a healthy diet, feeling confused about conflicting advice received 

from different individuals and feeling rushed and not heard in consultations (16). This 

evidence suggests modest changes to diet quality in this group may be short lived. 

However, the interpretation of these qualitative studies is limited by the measurement of 

health behaviours using self-report, variability in questions and differences in sample size. 

For example, the Canadian survey used a large sample size (n=2,682) and relied on one 

question to obtain dietary-related data, “have you ever changed the type or amount of 

food?” (80). Conversely, data from the Australian survey was collected from a small 

sample size (n=10) and used a number of open-ended questions such as “how has your 

recent diagnosis influenced your feelings about food?” and “at this moment, how could 

health professionals be most helpful in supporting you in healthy eating?” (16). There is 

a clear lack of quantitative evidence surrounding the dietary intake changes made in 

response to a diagnosis of T2DM, particularly data of a prospective nature (81). Findings 

from quantitative, longitudinal research could help inform health strategies and 

interventions so they are more targeted and effective in their approach. Without this 

research, it is difficult to identify whether diet quality remains fixed once an individual is 

diagnosed with T2DM, or whether there are periods of marked dietary change.   

 

  2.5 Factors that influence the dietary intake of people with T2DM 

A number of modifiable and non-modifiable factors have been recognised to influence 

the dietary intake of people with T2DM. Non-modifiable factors include demographic 

factors (e.g. age, and gender) (82), while modifiable factors include physical factors (e.g. 

weight and waist circumference) (83) and psychosocial factors such as healthy eating 

knowledge and attitudes (84) and mental health status (85), as well as previous 

interactions with health professionals (86, 87). It is important to understand how these 

factors promote or impede diet quality changes over time in people newly diagnosed with 

T2DM and they are described in detail in the next section.  
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Demographic factors    

Demographic factors shown to impact upon the dietary intake of people with T2DM 

include; age and gender (82), as well as socio-economic factors such as education level 

and income status (89). A 2013 RCT conducted in England aimed to assess change in 

health behaviours over one year and to identify predictors of behaviour change among 

478 adults recently diagnosed with T2DM (82). Younger age and diabetes detected 

through screening emerged as the most consistent predictors of dietary change over the 

year of the study (82). Younger age predicted a greater reduction in fat and energy intake, 

which lead to greater weight loss and better glycaemic control over time (82). A Canadian 

cross-sectional survey that included 2,682 adults with T2DM, reported that being 65 years 

or older was associated with an increased prevalence of reportedly “never” changing diet 

(80). Some research suggests females with T2DM may be more likely to engage in 

healthy dietary behaviours that lead to better diet quality than males (88). One study of a 

rural population in Canada found males with T2DM were more likely to report they had 

followed their recommended diet less often during the previous week compared to women 

(88).  

 

Diet quality has been shown to be socio-economically patterned (89). Data from the 

baseline survey of the Diabetes, Obesity and Lifestyle Study of 11,247 people aged >25 

years at baseline showed a significant association between higher levels of education and 

income, and diet quality (89). This is in line with findings from a Malaysian study of 113 

adults with T2DM. In this cross-sectional study, education level was positively associated 

with diet quality and participants with a higher personal income had a more diversified 

diet than their counterparts (90). These findings are concerning considering T2DM is 

more prevalent in populations with low socio-economic status (17).  

 

Physical factors and health behaviours 

Physical factors including BMI and waist circumference are associated with diet quality 

in people with T2DM. One cross-sectional study conducted in the US in 99 people with 

T2DM reported those who were of normal weight or overweight, had a significantly 

higher diet quality score using the HEI score than people categorised as obese (91). An 

Australian matched case-controlled study of 1,795 people with T2DM found that those 

with a BMI equal to or greater than 35 kg/m2 were less likely to achieve healthy diet and 

exercise targets compared to those with BMI under 35 kg/m2 (83). However, these results 

are contrasted by the results from a cross-sectional study with 187 adults with T2DM 
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conducted in Ghana which found BMI and waist circumference were not significantly 

associated with a number of self-care behaviours including diet (92).  

 

The amount of physical activity an individual undertakes has been shown to be associated 

with diet quality. A cross-sectional study conducted in the US with 868 adults with and 

without diabetes assessed the associations of hours of TV viewing with diet quality, 

obesity and physical activity and found diet quality was inversely associated with physical 

activity levels (93). Inverse relationships between overall diet quality and intensity of 

tobacco smoking among the general population have been extensively described in the 

literature (94-96). However, little is known about the association between smoking and 

overall diet quality changes in those diagnosed with T2DM. A 2019 cross-sectional study 

of 229 people diagnosed with T2DM in Brazil found those with a lower diet quality 

(measured by the HEI score) were more likely to be current smokers than those with a 

higher diet quality (29). Future longitudinal research on the impact of physical and health 

factors on diet quality in people with T2DM are warranted. 

 

Psychosocial factors  

The relationship between healthy eating knowledge and attitudes, and diet quality has 

been cross-sectionally evaluated in people with T2DM (84). A US case-control study that 

examined the associations of nutrition knowledge, food label use, and dietary patterns 

with (n=100) and without (n=101) T2DM showed a positive association between healthy 

eating knowledge and healthy food intake (97). More recently, Breen and colleagues 

studied 124 people with T2DM and found participants with higher nutrition knowledge 

scores had higher sugar, non-milk sugar, and fruit and vegetable intake, and their overall 

dietary glycaemic index was lower (84). Positive attitudes towards healthy eating have 

been associated with greater adherence to dietary recommendations (98). A US cross-

sectional study conducted in people with diabetes (n=769 with T2DM) found those who 

reported high adherence to dietary recommendations tended to have more positive healthy 

eating attitudes (98). These results are consistent with those from a cross-sectional, 

prospective analysis in the US where 48 elderly males with T2DM were surveyed to 

determine the influence of attitudes and beliefs on dietary adherence (99). Participants 

who had more positive attitudes towards dietary recommendations had greater levels of 

self-reported adherence to diet (99). The literature discussed provides a broad insight into 

the possible associations between healthy eating knowledge, attitudes and diet quality. 

However, collecting quantitative data through the use of a verified dietary assessment tool 
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(e.g. 24-hour recall) would help provide more detailed information of dietary intake and 

allow for accurate estimation of mean intakes against healthy eating knowledge and 

attitudes.  

 

Mental health status is an important element of quality of life that can influence diet 

quality (100). It has been estimated that diabetes and depression occur together 

approximately twice as frequently as would be predicted by chance alone (101). Recent 

meta-analyses link depression in diabetes with hyperglycaemia (102) and with an 

increased risk for diabetes-related complications (25), as clinical and subclinical 

expressions of depression have adverse effects on functioning and quality of life (102). 

While diet quality has been shown to be associated with mental health status in the general 

population (103, 104), there is a lack of literature for those diagnosed with T2DM. It is 

important to understand how mental health status impacts diet quality in this group 

following diagnosis so effective support strategies can be developed and implemented. 

 

Exposure to allied health support  

Some health professionals have been shown to help facilitate positive changes in diet 

quality in people with T2DM. This is reflected in the findings of a 2017 systematic review 

of RCTs that investigated the effectiveness of nutrition care provided by dietitians in 

primary health care settings to adult patients (105). Results showed dietetic consultations 

appear to be effective for improvement in diet quality, diabetes outcomes including blood 

glucose and HbA1c, and weight loss outcomes (e.g. changes in weight and waist 

circumference) (105). A 2011 cross-sectional national survey conducted in Canada on 

2,933 respondents with T2DM found those who reported not receiving health professional 

advice in the previous 12 months were more likely to describe never engaging in positive 

behaviours (diet, exercise and weight control), than those who reported having discussed 

diet and weight loss with a health professional (80). In contrast, an Australian 2015 case-

control analysis of 98 people with diabetes (type 1 n=30; type 2 n=68) and 98 age, sex 

and BMI matched controls found a weak positive association between the frequency of 

visits with a diabetes specialist (nurse educator) and improved diet quality (76). The diet 

quality of people with and without diabetes were similar, despite people with diabetes 

having had greater exposure to nutrition education due to their diagnosis (76). These 

conflicting results warrant further exploration of how interactions with health 

professionals after T2DM diagnosis influence change in diet quality over time. 
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 2.6 Research aims 

This doctoral research seeks to understand whether or not people newly diagnosed with 

T2DM change their dietary intake. To achieve this, the research will:  

 

(1) Synthesise evidence regarding the dietary intake of people with T2DM; 

(2) Investigate whether diet quality changes after diagnosis in people newly diagnosed 

with T2DM, and if so, how it changes; 

(3) Identify the factors (demographic, physical and psychosocial) associated with changes 

in diet quality in people newly diagnosed with T2DM.  

 

This PhD will contribute to the body of evidence that will recommend future research and 

targeted nutritional interventions for people diagnosed with T2DM. It will also assist 

health care professionals to provide more effective ‘real world’ support for the millions 

of people currently diagnosed with T2DM (2). 

 

  2.7 Research significance 

The pandemic of T2DM, and resultant human and economic costs, are showing no signs 

of decline (106). Obtaining glycaemic control is central to preventing or delaying the 

progression of diabetes-related complications (107). However, Diabetes Australia reports 

only half of Australians with T2DM achieve the glycaemic target HbA1c of <7% (9). 

Consequently, the rates of diabetes-related complications in people with T2DM remain 

high (2).  

 

Diet quality has a direct influence on glycaemic control (108). Early improvements in the 

diet quality of people newly diagnosed with T2DM are associated with improved 

glycaemic control and a legacy effect of reduced risk of future cardiovascular 

complications regardless of medication use (10). Despite the recognised importance of 

diet quality in T2DM management, the current dietary intake in people newly diagnosed 

with T2DM is unclear. Furthermore, the impact that diagnosis has on diet quality changes 

over time in people newly diagnosed with T2DM and the factors that influence those 

changes have not yet been clearly identified. The findings from the proposed research 

will address these gaps in the literature. The targeted dissemination of knowledge gained 

from the research findings will allow future work to be better aligned with individuals’ 

needs and experiences, assist in the development of targeted strategies and provide 

recommendations for future research that will help ensure people with T2DM are better 
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supported to have a high diet quality. Ultimately, this will assist them to gain better 

glycaemic control, improve their quality of life and help to reduce the AU $292 million 

spent each year in health care costs attributed to diabetes–related complications (109). 

 

The Australian National Diabetes Strategy 2016-2020 published by the Australian 

Government in late 2015 recognised the need to improve diabetes prevention and 

management (110). Consequently, it formulated seven key goals (outlined below). The 

findings from each of the phases of this PhD will support achievement of the third, sixth 

and seventh goals of this strategy:  

 

1. Prevent people developing T2DM. 

2. Promote awareness and earlier detection of type 1 diabetes mellitus and T2DM. 

3. Reduce the occurrence of diabetes-related complications and improve 

quality of life among people with diabetes.  

4. Reduce the impact of pre-existing and gestational diabetes in pregnancy.  

5. Reduce the impact of diabetes among Aboriginal and Torres Strait Islander 

peoples. 

6. Reduce the impact of diabetes among other priority groups. 

7. Strengthen prevention and care through research, evidence and data. 
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Chapter 3. Overview of the phases comprising this research and study 

methods 

 

  3.1 Preface 

This chapter provides an overview of the three phases in this PhD and their respective 

studies. A more detailed description of the methods of each individual study can be found 

in Chapters 4-8. The sequential design of this thesis allowed the researcher to identify and 

address key gaps that required further exploration.  

 

  3.2 Methodological approach 

My personal ontology is largely non-singular. The epistemological position of the non-

singular paradigm supports a relational epistemology which suggests relationships in 

research are best determined by what the researcher deems appropriate to that particular 

study (111). The non-singular reality ontology of this paradigm alludes that all individuals 

have their own and unique interpretations of reality and that there is no single reality 

(111).  

 

Despite my personal non-singular ontology, at the beginning of this PhD I strongly 

believed my overarching research question (“What do people newly diagnosed with 

T2DM eat?”) could be answered in a positive paradigm using quantitative methodology 

only. As I began to read more about the demographic, health and psychosocial factors 

that impact the dietary choices people make and began talking to participants in my study, 

I realised this objectivist epistemology was limited and likely not to be broad enough to 

answer the research question. This is because people make dietary choices based around 

a multitude of complex emotional and personal factors. Thus, the selection of research 

methods for the different phases of this thesis were ultimately guided by a pragmatic 

paradigm and the main study of this thesis (“The 3D study”) investigates possible factors 

associated with changes in diet quality in people newly diagnosed with T2DM.  

 

Mixed methods research draws on strengths of both qualitative and quantitative methods 

(112), allowing researchers to explore diverse perspectives and uncover relationships that 

exist between the layers of multifaceted research questions (112). Mixed method 

approaches to research were utilised in the 3D study and systematic review, and 

exploratory research methods were applied in the process evaluation of the 3D study 

(111). 
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  3.3 Phase 1: Paper 1  

Phase 1 aligns with the first aim of this thesis: to synthesise evidence regarding the dietary 

intake of people diagnosed with T2DM (refer to Figure 3.1). At the beginning of this PhD 

candidature, it was identified that there was no clear synthesis of evidence on dietary 

intake by food group of people with T2DM. This meant it was unclear what people with 

T2DM were eating. A systematic approach to reviewing the literature was regarded as the 

best way to synthesise the dietary intake by food group in people with T2DM and compare 

intakes to national and international dietary guidelines. A systematic literature search was 

undertaken between June and August 2017. Studies were included if they investigated the 

dietary intake of adults aged 18 years or over with T2DM using the five main food groups 

frequently outlined in international dietary guidelines (fruit, vegetables, dairy, grains and 

meat/meat alternatives). Eleven studies were included in the final review. The review 

established that majority of people were consuming less than the recommended serves of 

fruit, vegetables, grains and dairy and were meeting or exceeding the recommended 

serves for meat/meat alternatives.  

 

One of the most important findings was that all 11 studies reported in the review used 

cross-sectional data and did not control for length of time with diabetes among 

participants. So, it remained unclear whether diet quality remains fixed once an individual 

is diagnosed with T2DM, or whether there are periods of diet quality change. Therefore, 

it was determined that prospective, observational research was required to examine the 

relationship of time from diagnosis with diet quality. These findings informed the 

research aims and methodological design of ‘The 3D study’ (explored further in Chapters 

5, 6, 7 and 8). The systematic review (Chapter 4) was published in the journal, Diabetes 

Research and Clinical Practice in 2018.  

 

  3.4 Phase 2: Paper 2 

Overview of ‘The 3D study’ 

Phase 2 aligns with the second and third aims of this thesis: to investigate how diet quality 

changes in people newly diagnosed with T2DM and to identify the factors (demographic, 

physical and psychosocial) associated with changes in diet quality in people newly 

diagnosed with T2DM (refer to Figure 3.1). The findings from Phase 1 helped to inform 

the design of the study titled “How does Diet change with a Diagnosis with Diabetes - 

The 3D study” which was the focus of both Phases 2 and 3. While “3D” refers to the  
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longer title it also has additional meaning that seeing something in three dimensions adds 

clarity. Paper 2 describes the methodological protocol of the 3D study, which was a 

prospective observational case-series study conducted in Australia between 2018–2020 

in collaboration with Diabetes Australia.  

 

The aims of the 3D study were to (i) describe diet quality changes in the 12 months 

following T2DM diagnosis, (ii) identify the demographic, physical and psychosocial 

predictors of improvements in diet quality and glycaemic control and (iii) identify 

associations between glycaemic control and diet quality in the 12 months following 

diagnosis.  

 

As previously discussed, the dietary intake of those newly diagnosed with T2DM is 

currently unclear. In order to develop targeted nutritional interventions for this group, it 

is necessary to firstly understand their dietary intake. Descriptive, observational research 

generates data that defines the state of nature at a point in time (112). It is used widely in 

nutrition, epidemiology and the behavioural sciences (112). It aims to help resolve 

problems and practices through observation, analysis and description (112). A case-series 

design was selected as the most appropriate observational design for the 3D study as it 

aimed to observe how the dietary intake of those newly diagnosed with T2DM naturally 

changes over time and did not seek to compare the group against another. 

 

People newly diagnosed with T2DM (n=225) were recruited and their dietary intake and 

demographic, health and psychosocial characteristics monitored over 12 months.  Data 

were collected using a purpose-developed, interviewer-administered telephone survey at 

five-time points; baseline, and then at 3, 6, 9, and 12 months after commencing the study. 

Diet quality was assessed using the DASH dietary pattern. This dietary pattern was 

chosen because adherence to DASH positively impacts on glycaemic control, weight, and 

hypertension, which are key indicators of risk for diabetes-related complications (53, 58). 

Further, recent nutrition research highlights the importance of assessing diet quality using 

foods and overall dietary patterns, rather than single nutrients (113). Exploration of diet 

quality using dietary patterns also acknowledges the complex nature of diet due to its 

consideration of the synergistic effects of foods and nutrients within the body as well as 

considering the way food is consumed (114). This paper (Chapter 5) was published in the 

journal, Nutrients in 2019. Ethical approvals are presented in Appendix D and Participant 

Information and Consent Forms for the 3D study are presented in Appendix E. 
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‘The 3D study team’ and impact of the 3D study on other candidatures  

Data collection and entry for the 3D study was a significant project that took 

approximately 15 months to complete. Each interview took approximately 30 minutes to 

conduct, with an associated 15-20 minutes of data entry required. This meant baseline 

data collection alone comprised 169 hours (approximately 9 hours a day for a month). 

These hours did not take into account the significant time spent scheduling interviews for 

225 people around their work and various other personal commitments. It was important 

that all data collection and entry was completed within the month that data collection 

began so the study could be finalised within the allocated PhD time period. Following 

lengthy discussions with the candidate’s supervisors, it was decided the candidate should 

recruit other PhD dietetics students or 3rd or 4th year dietetic candidates to assist with data 

collection. Across the 15-month period, the candidate recruited, trained and managed 10 

research assistants in collecting and entering data. These research assistants along with 

the candidate’s supervisors and the candidate formed together into what was known as 

‘The 3D study team’. The candidate held monthly 3D team management meetings in 

which various aspects associated with study interviews and technological issues were 

discussed. The meetings also provided an opportunity for the candidate to receive 

feedback from the research team regarding participant enquires and concerns. At each 

data collection point, the candidate attempted to allocate the same participants to 

interviewers across the study period to allow for continuity of care and to enhance 

participant retention. The candidate would email weekly rosters to each of the research 

assistants during the month of data collection with the times and dates of specific 

participant interviews. The candidate also personally continued to conduct interviews in 

order to complete each data collection point within the scheduled one-month timeline.   

 

The 3D study data set was large and multifaceted, which meant it not only supported the 

candidate’s research, but also the work of other Griffith University PhD and Masters 

candidates. The 3D study thus provided opportunities for higher degree dietetics students 

to learn new skills associated with conducting a large observational study.  

 

 3.5 Phase 3: Papers 3-5 

Phase 3 further aligns with the second and third aims of this thesis: to investigate how 

diet quality changes after diagnosis in people newly diagnosed with T2DM and to identify 

the factors (demographic, physical and psychosocial) associated with changes in diet 

quality in people newly diagnosed with T2DM (refer to Figure 3.1). In phase 3, data from 
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the 3D study was explored and presented via three different papers. The objective of the 

first paper (paper 3) was to quantify short-term improvements in diet quality and to 

identify factors associated with improvements after T2DM diagnosis among participants 

in the 3D study. Participants were categorised into two groups: those who improved their 

DASH score by 3 or more points by 3-months and those who did not. Factors associated 

with change in DASH scores were clinically and statistically evaluated. Diet quality 

changes after diagnosis did not appear to be associated with demographic characteristics 

but were associated with some health factors. Current smokers, those with low physical 

activity levels and men with a higher BMI were less likely to make immediate changes to 

their diet quality. Paper 3 (Chapter 6) was published in the journal, Nutrition & Diabetes 

in 2020. 

 

The aim of paper 4 was to describe how the diet quality of individuals newly diagnosed 

with T2DM changed over a 12-month period and to identify factors associated with diet 

quality changes. To assess changes in DASH, energy, fruit and vegetable intake over time, 

repeated measure analyses of variance (ANOVA) were used. Multivariate repeated 

measures models were used to investigate whether these dietary changes were associated 

with demographic, health or physical characteristics. Participants were categorised into 

diet quality change profiles based on early (3-month) and long-term (12-months) changes 

to DASH score. Results showed few people made continued diet quality improvements 

12-months after a diagnosis of T2DM, suggesting the development of cost‐effective 

interventions to achieve diet quality change early after diagnosis and to sustain this 

change are warranted. Paper 4 (Chapter 7) is under review at Public Health Nutrition 

(submitted 11th December 2020).  

 

Paper 5 aimed to (i) evaluate participants’ perceptions of the processes underpinning the 

3D study, (ii) explore participants’ experiences of the study to give a deeper 

understanding of its effects, (iii) investigate if involvement in the 3D study may have 

impacted diet quality and/or physical activity levels over the observation period and (iv) 

seek reasons for drop out. Data used was derived from n=151 (57.0% male) 3D 

participants who took part in the 12-month data collection point and n=14 (71.4% male) 

3D participants who dropped out at any point or did not participate at the 12-month data 

collection point. Two evaluation questionnaires were administered. The first 

questionnaire was implemented at the end of the final 12-month interview to those 

remaining in the study (n=151) and participants who did not participate at 12-months or 
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Chapter 4. Phase 1 

 

Paper 1 – Dietary intake by food group of individuals with type 2 diabetes mellitus: 

A systematic review 

 

Reader’s note: This chapter encompasses a co-authored paper. The bibliographic details 

of the co-authored paper, including all authors, are: 

Burch E, Ball L, Somerville M, Williams LT. Dietary intake by food group of individuals 

with type 2 diabetes mellitus: A systematic review. Diabetes Res Clin Pract. 

2018;137:160-172.  

 

See Appendix A for reprint. 

 

The candidate’s contribution to this publication was leading the: 

• study conception, 

• study design, 

• database search, screen and appraisal, 

• data analysis, 

• interpretation of the data, and 

• writing of the manuscript. 
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Emily Burch 

 

(Countersigned) ___________________________ (Date) 4.12.2020 

Lauren Ball (supervisor and co-author) 

 

 

 

(Countersigned) ___________________________ (Date) 4.12.2020 

Lauren Williams (supervisor and co-author) 
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 4.1 Abstract 

Aims: To synthesise peer-reviewed literature that investigates the dietary intake by food 

group of individuals with T2DM and compare intakes to national and international dietary 

guidelines. 

 

Methods: Four electronic databases (MEDLINE, EMBASE, CINAHL and Web of 

Sciences) were searched for studies that investigated the dietary intake of adults (>18 

years) with T2DM using the five main food groups (fruit, vegetables, dairy, grains and 

meat/meat alternatives). Food group intake in serves was compared against national 

guidelines and fruit and vegetable intake in grams was compared against the WHO 

guidelines. 

 

Results: After screening 13,662 publications, 11 studies were included. All reported 

cross-sectional data. Majority of participants were consuming less than the recommended 

serves of fruit, vegetables, grains and dairy and were meeting or exceeding the 

recommended serves for meat/meat alternatives. Two of six studies reported fruit and 

vegetable recommendations were being met, two reported dairy recommendations were 

being met and two reported grain recommendations were being met. Of the five studies 

reporting intake in grams, four met the WHO minimum intake for fruit and vegetables. 

 

Conclusions: Individuals with T2DM do not comply with food group recommendations; 

particularly for fruit, vegetables, dairy and grains. Longitudinal research is required to 

better understand how food group intake changes over time after diagnosis. 

 

  4.2 Introduction 

Diabetes is a leading global health emergency estimated to cost US$827 billion per year 

(1). In 2015 it was estimated that 415 million adults were living with diabetes worldwide, 

with 90–95% living with T2DM (1, 115). Most of the burden of T2DM is attributed to 

macro- and micro-vascular complications, and co-morbidities such as cardiovascular 

disease; many of which are associated with sub-optimal glycaemic control (116). 

Effective glycaemic control can help to prevent or delay such complications and co-

morbidities (117). Strategies to assist individuals to optimise glycaemic control to reduce 

the individual and economic burden associated with T2DM are urgently required.  
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Dietary intake is well recognised as influencing glycaemic control (117). 

Recommendations to manage T2DM include eating healthy foods to have a high-quality 

diet (10, 118). A RCT conducted in New Zealand that provided healthy foods to a group 

of individuals (n=53) with T2DM, saw reductions in HbA1c of 0.4% (10). A cohort study 

conducted in the US showed that individuals (n=234) with T2DM who followed a healthy 

diet for 12 months experienced improved HbA1c levels of 0.54% (11). Clearly, having a 

healthy diet can improve glycaemic control (10, 11). 

 

A variety of different dietary patterns have been shown to be effective at improving 

glycaemic control in individuals with T2DM (12, 119). Assessing dietary intake using 

dietary patterns based on foods and food groups has become increasingly common in 

nutritional epidemiology studies (120). This approach provides a more accurate 

representation of dietary intake than analysing intake of specific nutrients (e.g. 

carbohydrate) or dietary constituents (e.g. fibre), that are generally not consumed in 

isolation (121). Improvements in diet based on foods and food groups have shown 

stronger and more consistent associations with reduced risk of adverse health outcomes, 

compared with improvements of specific nutrients (122). A systematic review and meta-

analysis of 20 RCTs compared the following dietary patterns: low-carbohydrate, high-

carbohydrate, Mediterranean, low glycaemic-index, high-protein, vegan and vegetarian, 

and high-fibre to controls for six months or more in individuals with T2DM (119). Results 

showed the low-carbohydrate, Mediterranean, low glycaemic-index and high-protein 

diets all led to greater improvements in HbA1c than their respective control diet (119). 

While these diets have some differing characteristics, they all encourage consuming 

unprocessed foods from the five food groups; fruit, vegetables, grains, dairy, and 

meat/meat alternatives. As a result, management guidelines from several countries 

recommend that individuals with T2DM adhere to national dietary guidelines expressed 

in terms of the five food groups (118, 123, 124). 

 

The actual food group intake of individuals with T2DM after diagnosis is currently 

unclear. Evaluating dietary intake is recognised as an important research activity that can 

help influence dietary education materials and target nutritional interventions (125). The 

purpose of this systematic review was to synthesise and evaluate the peer-reviewed 

literature that investigates the dietary intake by food group of individuals diagnosed with 

T2DM and compare intakes to national and international guidelines. 
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  4.3 Methods 

A systematic review of peer-reviewed observational studies investigating the food group 

intake of individuals diagnosed with T2DM was conducted. The review was registered 

with the International Prospective Register of Systematic Reviews, PROSPERO 

(Registration ID: CRD42017074756). The systematic review was conducted in 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-

analyses (PRISMA) checklist. The PRISMA flow diagram (Figure 4.1) has been included 

to document the systematic review search and selection processes (126). 
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Search strategy 

A systematic literature search was conducted between June and August 2017 with support 

by a research librarian. The following databases were searched to identify studies: 

MEDLINE, EMBASE, CINAHL and Web of Science. The full search strategy including 

key terms and Medical Subject Headings (MESH) as applied to Medline is shown in 

Figure 4.2. In addition, forward citation searching and cross-matching reference lists were 

undertaken to broaden studies considered for review. 

 

*MH = MeSH term 

Figure 4.2 Medline search strategy 

 

 

 

 

 

1 (All text) (MH "Diet")OR(MH "Diet, Diabetic")OR(MH "Healthy Diet") 

OR(MH "Energy Intake")OR(MH "Eating")OR(MH "Feeding 

Behavior")OR(MH "Food Preferences")OR(MH "Diet, Food, and 

Nutrition")OR(MH "Portion Size")OR(MH "Serving Size")OR(MH 

"Data Collection+")OR(MH "Nutrition Assessment")OR(MH 

"Nutrition Surveys")OR(MH "Health Surveys")OR(MH "Nutrition 

Assessment")OR(MH "Diet Surveys")OR(MH "Surveys and 

Questionnaires")OR(MH "Diet Records")OR(MH "Diet 

Therapy")OR(MH "Nutrition Therapy")OR“Eat*”OR“Diet 

intake”OR“Dietary intake”OR“Diet pattern*”OR“Dietary 

pattern*”OR“Diet behaviour*”OR“Diet behavior”OR“Dietary 

behaviour”OR“Dietary behavior”OR“Diet quality”OR“Dietary 

quality”OR“Macronutrient intake”OR“Food group 

intake”OR“Nutritional intake”OR“Nutrition intake”OR“Nutrient 

intake”OR“Diet assessment”OR“Dietary assessment”OR“Food 

intake”OR“Food quality”  

 

AND 

2 (Title 

only) 

(MH “Diabetes Mellitus, Type 2”)OR“Non Insulin Dependent 

Diabetes Mellitus”OR“NIDDM”OR“T2DM”OR“Type 2 

diabetes”OR“Type 2 diabetes mellitus” 

 

NOT 

3 (Title 

only)  

 

“Risk”OR“Incidence”OR“Development”OR“Prevention”OR 

“Prevalence” OR“Mice”OR“Incident”OR“Intervention” 

 

4 Additional 
limitations 

Year of publication: 1990-2017 

Age: ALL Adult 18+ years 

Sources types: Academic, peer-reviewed journals only  

Language: English Only 

Types: Human studies (only possible to select in EMBASE database) 
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Study selection 

For inclusion, studies were required to: (i) include adults (18 years old and over) who had 

been diagnosed with T2DM; (ii) be published in a peer-reviewed journal; (iii) be available 

in full English text; and (vi) have been published between 1990 and 2017. This period 

was selected as 1990 is recognised as the time when major changes in global food 

systems, known as the ‘global nutrition transition’, began to occur (127). Case-control, 

cross-sectional and cohort studies were considered for review. Studies with an 

intervention arm that assessed ‘‘usual” diet at baseline were also considered. No limit was 

placed on the length of time since participants were diagnosed with T2DM, ethnicity, 

gender or level of diabetes education. Studies were required to assess the outcome of 

dietary intake by quantifying daily intake of five food groups: fruits, vegetables, dairy, 

grains, and meat/meat alternatives by grams or number of serves. Detailed inclusion and 

exclusion criteria are provided in Table 4.1. 
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Table 4.1 Inclusion and exclusion criteria 

 Inclusion criteria Exclusion criteria 

Setting - Any country.  

- Published 1990–2017. 

- Published before 1990. 

 

Participants - Any gender and ethnicity.  

- >18 years old diagnosed with 

T2DM (self-reported diagnosis or 

biochemically confirmed).  

- Individuals who had or had not 

received prior diabetes education 

were considered.  

- Studies that compared dietary 

intake of individuals with T2DM 

with the intake of individuals with 

T1DM or those without diabetes 

were considered if results were 

reported separately for each 

group.  

- <18 years old. 

- T1DM, gestational diabetes or 

pre-diabetes. 

 

 

 

 

 

Outcomes - Studies that quantified dietary 

intake of all 5 food groups (fruit, 

vegetables, grain, dairy, and 

meat/meat alternatives) by grams 

or number of serves. 

 

 

- Studies that reported dietary 

intake only by: 

• Macronutrient intake (e.g. 

carbohydrate) 

• Micronutrient intake (e.g. 

calcium) 

• Intake of a single food 

group (e.g. fruit) 

• Intake of total calories or 

kilojoules 

• Intake of one meal (e.g. 

breakfast) 

• DQI or diet quality score 

- Studies with no quantifiable diet 

outcomes. 

Study type - Observational studies (case-

control, cross- sectional and 

cohort design).  

- Studies with an intervention arm 

that reported ‘‘usual” dietary 

intake at baseline. 

- Results of intervention studies or 

trial analyses, narrative studies 

and systematic reviews. 

 

Publication 

type 

- Articles published in a peer-

reviewed journal.  

- Available in full text. 

 

- Dissertation, review, book, 

conference report, guidelines or 

symposium. 

- Abstract only. 

Language - English. - All other languages. 
DQIs, diet quality indices; T2DM, type 2 diabetes mellitus; T1DM, type 1 diabetes mellitus. 
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Data extraction and analysis  

All results were imported into an EndNote library (version X8) and duplicates removed. 

The titles and abstracts of all studies were reviewed independently by two researchers to 

screen for eligibility. Studies that appeared to be eligible or had an unclear eligibility were 

retrieved in full text. The full text article was then reviewed by two researchers and the 

final included studies determined. Any disagreement on the inclusion of a study was 

discussed and agreed upon with help from a third researcher. Data from each included 

study were extracted by two researchers. 

 

If a study listed specific foods (e.g. types of fruit) separately from their constituent food 

group these were added to a food group according to the study’s national dietary 

guidelines. A summary of the foods listed in each study’s national dietary guidelines are 

provided in Appendix G. For the studies reporting food group intake in serves consumed 

per day, intakes were compared against the relevant national guidelines of the study 

country. Mean deficits were calculated using the lower figure of the reference standard 

range and when a study reported the intake of two or more groups (e.g. males and 

females), the highest mean intake figure was used. For the studies reporting fruit and 

vegetable intake in grams consumed per day, mean combined fruit and vegetable intake 

was compared to the WHO recommendation of 2,400 g per day (20).  

 

Quality assessment 

Included studies were assessed for quality by two researchers using the Mixed Methods 

Appraisal Tool (MMAT). The MMAT is recognised to have substantive validity and has 

been tested for efficiency and reliability (128). The tool contains two screening questions 

for all study designs and four specific questions applicable to different study designs. 

These questions relate to participant recruitment, appropriateness of measurements, 

comparability of participants (if appropriate) and complete- ness of outcome data and 

response rates (128). Scores from the studies included in this review are presented in five 

categories according to the percentage of quality criteria met. Results of this quality 

assessment are provided in Table 4.3.  

 

  4.4 Results 

The search identified 13,662 unique publications, from which 120 full-text articles were 

retrieved. Eleven publications met the criteria for inclusion in the final review (see Figure 
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4.1). The most common reason for excluding studies was a lack of applicable outcomes. 

For example, many studies reported the dietary intake of participants using 

macronutrients (carbohydrate, protein and fat) rather than food groups (129). Other 

studies analysed the intake of only one food group rather than all five, (84) or described 

only a particular dietary habit, such as ‘‘eating a regular breakfast” (130).  

 

Characteristics of the 11 included studies are outlined in Table 4.2. The studies were 

published within an eight-year period, between 2009 and 2017 and were conducted in 

seven countries including; Canada (n=2), Japan (n=2), the US (n= 2), Jordan (n=1), 

Algeria (n=1), Sri Lanka (n=1), Ireland (n=1) and Italy (n=1). All studies reported cross-

sectional data. Five publications analysed data previously collected in other studies, (131-

135) with three reporting baseline data collected prior to conducting an intervention trial 

(132, 134, 135). A total of 10,672 individuals participated in the 11 studies, 9,718 of 

which had T2DM. All studies included both males and females with a slightly higher 

percentage of females (53%). Detailed results of quality attributes for individual studies 

are reported in Table 4.2. Four studies received a rating of 50% or less (78, 135-137) and 

seven received a rating of more than 50% (131-134, 138-140). The most common reason 

for a lower score was the sample not being representative of the population under study 

or the sample being recruited in a way that did not minimise selection bias.
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Table 4.2 Characteristics of included studies that assess dietary intake of individuals with T2DM (n=11), in alphabetical order by first author 

First author, 

year & 

country 

Study design Stated aim Setting Inclusion criteria  Participant 

characteristics 

& RR  

Participant mean 

(SD) age & 

diabetes duration 

(years) 

Confirmation 

of T2DM 

diagnosis    

Use of DM 

medication  

Asaad  

2012 
(140) 

 

Canada 

Cross-sectional 

survey 

Examine nutrient intake and diet 

quality in relation to CDA food 
security recommendations of 

low-income community-

dwelling elders with T2DM. 

Independent 

dwellings 
within a 

retirement 

home 

T2DM aged  

>60 y, living 
independently and 

English speaking.  

N=17  

11 W (64.7%), 
6 M (35.3%) 

 

94% RR 

71.5 (6.3) 

 
17.6 y (12.6) 

NS NS 

 

Bawadi  

2014 

(139) 

 
Jordan 

Cross-sectional 

survey 

Evaluate diets consumed by a 

sample of individuals with 

T2DM in northern Jordan. 

Tertiary 

hospital 

outpatient 

endocrinology 
clinic 

T2DM (diagnosed >1 y 

prior to data collection). 

 

N=750  

459 W (61.2%),  

291 M (38.8%) 

 
75% RR 

NS  

 

NS 

NS 

 

NS 

 

Crichton  

2016 
(131)  

 

United States 

Cross-sectional 

analysis of 
cohort study 

data collected 

between 2001-
2006 (study 

conducted 

between 1975-

2010) 

Investigate relations between 

habitual chocolate intake and 
diabetes mellitus. 

Study 

laboratory  

English speaking adults 

(including those with and 
without T2DM).  

N=953; n=45 

with T2DM,  
22 W (48.9%), 

23 M (51.1%) 

+ 
n=908 without 

diabetes, 541 W 

(59.6%),  

367 M (40.4%) 
 

91% RR 

66 (10.7) 

 
NS 

FBG level 

>126 mg/dL 

n=45 

(100%) 

Horikawa 
2014 

(132) 

 
Japan 

Cross-sectional 
analysis of 

baseline RCT 

data (Japan 
Diabetes 

Complications 

Study) 

Elucidate dietary intake of 
Japanese middle-aged 

individuals with T2DM 

participating in nationwide 
cohort study and identify 

differences between Japanese 

and Western dietary intake. 

Outpatient 
clinics of 59 

hospitals 

T2DM aged 40-70 y. N=1,516  
709 W (47%), 

807 M (53%) 

 
69% RR 

58.7 (6.9) 
 

11 (7.1) 

HbA1c >6.5% OHA: 
n=998 

(65.8%)  

 
Insulin: 

n=303 

(20%)  

Jarvandi  

2011 

(133) 

 
Canada 

Cross-sectional 

analysis of 

cohort study 

data at year 1 
 

Compare dietary intake and 

vitamin supplement use of obese 

and non-obese W and M with 

T2DM to identify gaps in 
adherence to nutritional 

management guidelines. 

 

University 

outpatient 

clinics   

T2DM (>1 y diagnosis) 

aged >19 y, BMI <40 

kg/m2. 

 
Group 1: BMI <30 kg/m2 

(n=105); Group 2: BMI 

>30 kg/m2 (n=95) 

N=200  

93 W (47%), 

107 M (53%) 

 
99% RR 

 

  

NS  

 

NS 

 

NS NS 

 



 
 

 

 

52 

Table 4.2 Characteristics of included studies that assess dietary intake of individuals with T2DM (n=11), in alphabetical order by first author 

First author, 

year & 

country 

Study design Stated aim Setting Inclusion criteria  Participant 

characteristics 

& RR  

Participant mean 

(SD) age & 

diabetes duration 

(years) 

Confirmation 

of T2DM 

diagnosis    

Use of DM 

medication  

Kobayashi 

2013 
(137)  

 

Japan 

Cross-sectional Assess dietary intake of 

individuals with T2DM and 
characterise relative to Japanese 

DRIs and average Japanese 

dietary intake.    
 

Hospital T2DM aged 40-79 y. N=149  

72 W (48%), 77 
M (52%) 

 

57% RR 

M 65.3 (9.2)  

W 66.1 (9.5) 
 

NS 

NS OHA: 

n=119 
(80%)  

 

Insulin: 
n=33 (22%)  

Laissaoui  

2016 

(136)  
 

Algeria 

Cross-sectional Evaluate dietary habits and 

physical activity practices of 

diabetic individuals in Ain 
Defla, to propose adequate 

preventative plans.  

 

NS  Normal and overweight 

adults with T2DM. 

N=1,523  

988 W (65%), 

535 M (35%) 
 

NS 

58.7 (9.9) 

 

10.5 (5.1) 
 

NS NS 

Medagama 

2015 

(138)  
 

Sri Lanka 

Cross-sectional Find average number of 

servings of principal food 

categories consumed by adults 
with T2DM attending a tertiary 

diabetes facility.  

Hospital 

diabetes 

facility  

T2DM (diagnosed >6 

months) receiving 

nutrition counselling at 
the diabetes facility.  

N=123 

80 W (65.1%),  

43 M (34.9%) 
 

96% RR 

M 57.8  

W 55.2  

 
NS 

‘Prevailing 

diagnostic 

criteria’ 

NS 

Murray  

2013 
(78) 

 

Ireland 

Cross-sectional 

with age 
matched 

controls 

Measure dietary intake of adults 

with T2DM and assess overall 
diet quality using a selection of 

validated DQIs.  

Diabetes day 

care services 
at two 

hospitals 

T2DM (diagnosed within 

previous 10 y) aged 30-75 
y and age and PA 

matched controls.  

N=111; n=65 

with T2DM,  
26 W (40%), 39 

M (60%) 

+ 
n=46 controls  

30 W (65%), 16 

M (35%). 
 

NS 

56 (7.7) 

 
NS 

HbA1c <10% OHA:  

n=49 (75%)  

Vitale  
2016 

(135) 

 

Italy 

Cross sectional 
analysis of 

baseline RCT 

data 

Differences between gender for 
diet quality, adherence to 

nutritional recommendations 

(fat, fibre and added sugars) and 

their relation with plasma lipid 
profiles in a cohort of 

individuals with T2DM.  

60 Italian 
clinical 

centres 

participating 

in the 
TOSCA.IT 

study 

T2DM (diagnosed >2 y) 
aged 50–75y, BMI of 20-

45 kg/m2 and treated for 

>2 mnths with metformin. 

Excluded those with co-
morbidities requiring 

special diet.  

N=2, 573  
1,038 W (40%),  

535 M (60%) 

 

NS 
 

62.15 (6.5) 
 

8.5 (5.7) 

HbA1c >7.0% OHA:  
n=2,573 

(100%) 
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Table 4.2 Characteristics of included studies that assess dietary intake of individuals with T2DM (n=11), in alphabetical order by first author 

First author, 

year & 

country 

Study design Stated aim Setting Inclusion criteria  Participant 

characteristics 

& RR  

Participant mean 

(SD) age & 

diabetes duration 

(years) 

Confirmation 

of T2DM 

diagnosis    

Use of DM 

medication  

Vitolins  

2009 
(134)  

 

United States 

Cross-sectional 

analysis of 
baseline RCT 

data 

To (i) describe baseline food 

intake of Look AHEAD 
participants, (ii) compare 

nutrient and food intake of Look 

AHEAD participants to IOM 
recommendations and USDA 

Food Guide Pyramid, and (iii) 

describe participant 

characteristics associated with 
consumption of specific food 

groups.  

16 clinical 

centres 
participating 

in the Look 

AHEAD 
study 

T2DM aged 45-75 y, BMI 

of >25 kg/m2 (>27 kg/m2 
if using insulin). 

 

N=2,757  

1,635 W (41%),  
1,122 M (59%) 

 

NS 

57.2 (7.2)  

 
NS  

 

FBG >126 

mg/dL OR 
symptoms of 

hyperglycaemia 

with non-
fasting BG 

>200 mg/dL 

OR 2-hr BG 

>200 mg/dL on 
at least 2 

OGTTs 

OHA only: 

n=1,858 
(76%)  

 

Insulin 
only: n=117 

(4%)  

 

Insulin + 
OHA: 

n=418 

(15%)  
AHEAD, Action for Health in Diabetes; BG, blood glucose; BMI, Body Mass Index; CDA, Canadian Diabetes Association; dL, decilitre; DM, diabetes mellitus; FBG, fasting blood glucose; HbA1c, glycosylated 

haemoglobin A1c; hr, hour; IOM, Institute of Medicine; M, men; mg, milligrams; NS, not specified; OGTT, oral glucose tolerance test; OHA, oral hypoglycaemic agents; PA, physical activity; RCT, randomized 

controlled trial; RR, response rate; T2DM, type 2 diabetes mellitus; USDA, United States Department of Agriculture; W, women; y, years. 
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Table 4.3 Description of included studies that assess the dietary intake of individuals with T2DM (n=11), in alphabetical order by first author  

First 

author & 

year 

Dietary 

assessment 

methodology 

Food group intake 

analyses 

Dietary intake of food groups in comparison to 

recommendations (Rec) 

 

Main conclusions Study limitations Quality  

Ax 

Asaad 

2012 

(140) 

3 x 24-hour diet 

recalls conducted 

face-to-face, 2 
wks apart.  

Food group intake compared 

to 2008 CDA 

recommendations. [46] 
Mann-Whitney U test used 

to detect differences in 

dietary intake for: Group 1 
= ‘Food Secure’ (n=12) and 

Group 2 = ‘Food Insecure’ 

(n=5).  

 

Median serves/d: Less than CDA 

recommended servings for 

all food groups except for 
meat/meat alt. Independent 

of food security status, 

overall diet quality was 
poor. 

 

- Sample recruited from a single 

site, primarily highly educated 

W restricting generalisability. 
- Mean age of participants may 

have adversely impacted recall. 

- Small sample size, lack of 
statistical power. 

- Risk of bias due to under 

reporting intake and social 

desirability bias due to presence 
of interviewers. 

75% 

   Observed intake  

Food 

Group      

Rec 

(141) 

G1 G2 

F&V  7-10 3.2 3.3  

Dairy 2-3 1.5 1.8 

Grains 6-8 3.3 4.7 

Meat/alt 2-3 1.7 2.5 

Bawadi 

2014 

(139) 

Validated, semi-

quantitative, 

interviewer 
administered FFQ 

based on previous 

year. Household 
measures to 

estimate serving 

size. Eight 

frequency options 
from “more than 

once a day” to 

“rarely or never”.  

Food group intake compared 

to food based dietary 

guidelines for Arabs (142). 
Independent sample t-test 

used to detect differences 

between M and W. 
 

 

Mean serves/d:   Higher than recommended 

intakes of fruit and grains, 

and lower intakes of dairy, 
and meat/meat alt. 

Vegetable intake within 

recommended range. 

- Sample recruited from a single 

site, restricting generalisability. 

- Possible respondent fatigue 
due to FFQ and food diary both 

being administered. 

- Presence of interviewers may 
have altered responses. 

75% 

 

 
 

 

 

  Observed intake 

Food 

Group 

Rec 

(142) 

M W 

Fruit 2-4 4.74  4.23  

Vegetables 3-5 4.41 4.35 

Dairy 2-3 1.54 1.43 

Grains 6-11 18.60  16.96 

Meat/alt 2-3 1.00 0.75 

Crichton 

2016 

(131) 
 

 

 
 

Nutrition and 

Health 

Questionnaire 
with mean serves 

compared with 

USDA dietary 
guidelines for 

Americans (143). 

Six frequency 

options ranging 
from “never” and 

“once or 

more/day”.  

Independent sample t-test 

and chi-square test used to 

detect differences in dietary 
intake based on 

demographic and health 

characteristics of 
participants.   

 

Total (mean serves/d): Less than recommended 

servings of all food groups 

except for dairy and 
meat/meat alt. 

- Sample recruited from a single 

site, restricting generalisability. 

- Small sample of individuals 
with T2DM, limits statistical 

power. 

- Risk of bias due to under 
reporting of intake. 

- Portion sizes not specified in 

the questionnaire, limits 

quantification.  
 

100% 

Food Group Rec 

(143) 

Observed 

intake 

Fruit 2-4 1.7 

Vegetables 3-5 2.5 

Dairy 2-3 2.1 

Grains 6-11 4.4 

Meat/alt 2-3 2.3 
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Table 4.3 Description of included studies that assess the dietary intake of individuals with T2DM (n=11), in alphabetical order by first author  

First 

author & 

year 

Dietary 

assessment 

methodology 

Food group intake 

analyses 

Dietary intake of food groups in comparison to 

recommendations (Rec) 

 

Main conclusions Study limitations Quality  

Ax 

Horikawa 

2014 

(132) 

FFQ assessed 

average intake/wk 

in commonly used 
units or portion 

sizes. 29 food 

group items and 
10 kinds of 

cookery. Dietitian 

reviewed FFQ. 

FFQ validated 
against 1 wk WFR 

from sub-sample 

of participants 
(n=66). 

Food group intake reported 

by gender, age (>60 y and 

<60 y), occupation 
(sedentary and non-

sedentary), HbA1c levels 

(<7% and >7%) and 
duration of diabetes (<10 

years or >10 years). Authors 

made no comparison to 

dietary guidelines.  

Total (mean g/d): F&V intake did not meet 

Japanese dietary guideline 

recommendations of 550 
g/day. (144) 

- FFQ does not allow for 

quantification of absolute 

intake. 
- No comparison made with 

dietary guidelines. 

- Possible respondent fatigue 
due to FFQ and WFR both 

being administered in n=66 

participants.  

100% 

Food Group  Observed intake  

Fruit 133 

Vegetables 

F&V total 

382 

515 

Dairy  170 

Grains 191 

Meat/alt 250 

Jarvandi 

2011 
(133) 

Validated, semi-

quantitative, self-
administered, 

FFQ with 73 

items based on 

intake from 
previous month. 

Photography to 

assist 
quantification. 

FFQ administered 

4 times over 1 y 
(once per season).  

Food group intake compared 

to the 2007 CFG 
recommendations. (141) 

Data from each diet 

assessment was averaged. 

Mean intakes compared 
between obese (Group 1 

n=88) and non-obese 

subjects (Group 2 n=98).  
 

Mean serves/d: Less than recommended 

servings for all food groups 
except meat/meat alt, 

which exceeded the 

recommended amount. 

Within same-sex groups, 
food group servings did not 

differ by obesity. 

- Results may not be 

generalizable to population who 
do not receive regular healthcare 

services. 

- Self-administered FFQ, relies 

on literacy and numeracy levels 
of participants. 

75% 

Food 

Group 

Rec 

(141) 

Observed intake  

  M  

G1 

M 

G2 

W 

G1 

W 

G2 

F&V 7-10 4.3 4.5 5.4 5.5 

Dairy 2-3 1.6 1.6 1.8 2.0 

Grains 6-8 6.1 6.0 4.8 4.4 

Meat/alt 2-3 3.2 3.6 3.4 3.6 

Kobayashi 

2013 
(137)  

Validated, self-

administered 
DHQ based on 

intake from the 

past month. 

Dietary 
behaviour, 

cooking methods, 

quantity and 
frequency of 

consuming 149 

food and beverage 

Food group intake compared 

to data obtained in the 
NNSJ. (145) Mann-Whitney 

U test used to evaluate 

relationships between BMI 

and biomarkers.  
 

Mean g/d: F&V intake exceeded 

Japanese dietary guideline 
recommendations of >550 

g/day. (144) 

- Sample recruited from a single 

site, restricting generalisability. 
- No guide to assist portion size 

estimation – limits 

quantification. 

- No comparison made with 
dietary guidelines.  

 

- Self-administered FFQ, relies 
on literacy and numeracy levels 

of participants. 

 

75% 

 NNSJ data Participant data 

Food 

Group 

M W M W 

Fruit 126 155 94 128 

Vegetables 689 694 569 711 

F&V total 815 849 663 839 

Dairy 91 110 137 144 

Grains 513 385 437 354 

Meat/alt 297 245 185 174 
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Table 4.3 Description of included studies that assess the dietary intake of individuals with T2DM (n=11), in alphabetical order by first author  

First 

author & 

year 

Dietary 

assessment 

methodology 

Food group intake 

analyses 

Dietary intake of food groups in comparison to 

recommendations (Rec) 

 

Main conclusions Study limitations Quality  

Ax 

items, and the 

amount of rice 

and miso soup 
consumed daily.  

 

Laissaoui 
2016 

(136) 

Food consumption 
survey, no further 

details provided.   

 

Independent sample t-tests 
used to compare results 

according to BMI. Authors 

made no comparison to 

dietary guidelines. 

Mean intake:   F&V intake exceeded 
South African dietary 

guideline4 

recommendations of >400 

g/day. (146) 

- Mean and SD results only 
available for certain food 

groups.  

- Limited information provided 

about the study, difficult to 
interpret the methodological 

design.  

- Differences in reporting food 
group intake, causes lack of 

consistency among results.  

- No comparison made with 
dietary guidelines. 

 

0% 

Food Group Normal 

wt 

Overweight 

& obese 

F&V (g/d) 492.74 421.84 

Dairy (g/d) 194.52 200.55 

Grains (times/wk) 2 serves 2 serves 

Meat/alt (g/wk) 440 540 

Other   

Leguminous plants 

(times/wk)1 

1 serve 1 serve 

Potato (times/wk)1 4 5 

Medagama 

2015 
(138) 

24-hour dietary 

recall 
administered by 

two independent 

interviewers. 
Household 

utensils and 

commonly 
consumed foods 

available to assist 

serving size 
determination.  

Food group intake compared 

to the dietary guidelines for 
Sri Lanka, 2nd Edition (147). 

Student t-test used to 

evaluate differences in mean 
age, obesity indices and 

dietary factors.  

 

Total (median serves/day):  Recommendations not met, 

except for grains.  
 

- Sample recruited from a single 

site and participants had 
received at least 1 session of 

routine nutrition counselling, 

therefore results may not be 
generalizable to population.  

- One 24-hour recall does not 

assess day to day variability of 
dietary patterns.  

- Presence of interviewers may 

have altered responses. 
 

 

75% 

Food 

Group 
Rec 

(147) 

Observed intake 

Fruit 2-3 1.0 

Vegetables 3-5 2.6 

Dairy 1-2 0.3 

Grains 6-11 10.2 

Meat/alt 3-4 1.6 

   

Murray 

2013 
(78) 

3-day food diary 

collected by 
trained 

participants over 2 

consecutive 
weekdays and 1 

weekend day. 

Dietary intake of 19 food 

groups quantified by weight. 
Independent sample t-test 

used to examine differences 

between those with and 
without T2DM. Authors 

Total (mean g/d): F&V intake did not meet 

UK dietary guideline3 
recommendations of >400 

g/day. (148) 

- n=31 subjects had missing 

food group data. 
- 66% of participants were 

found to have under-reported 

their dietary intake, affecting 
validity.  

25% 

Food Group Observed intake 

Fruit 162 

Vegetables 129.3 

F&V total 291.3 

Dairy 253.04 

Grains 344.2 
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Table 4.3 Description of included studies that assess the dietary intake of individuals with T2DM (n=11), in alphabetical order by first author  

First 

author & 

year 

Dietary 

assessment 

methodology 

Food group intake 

analyses 

Dietary intake of food groups in comparison to 

recommendations (Rec) 

 

Main conclusions Study limitations Quality  

Ax 

Food atlas to 

indicate portion 

sizes of 5 
commonly 

consumed foods.  

made no comparison to 

dietary guidelines. 

Meat/alt 275.7 - 86% of participants were 

overweight or obese and all 

were Caucasian, limiting 
generalisability of the results.  

- Dietary advice received may 

have affected intake.  
- No comparison made with 

dietary guidelines.  

Vitale 

2016 
(135) 

EPIC 

questionnaire 
examined 

frequency of food 

consumption (per 
day, wk, mnth or 

y). Included 248 

items and pictures 
to help determine 

portion sizes. 

Unpaired t-test compared 

means and chi-square test 
examined differences 

between proportions.  

Authors made no 
comparison to dietary 

guidelines. 

Total (mean g/d) F&V intake met Italian 

dietary guideline 
recommendations of >400 

g/day (149). 

- Dietary data may be prone to 

recall bias and seasonal 
variation.  

- Recall fatigue may have been 

present due to 248 items in 
questionnaire.  

- Selection bias may have been 

present as participants were 
required to be on metformin as 

monotherapy. 

- No comparison made with 

dietary guidelines. 

50% 

 Observed intake2 

Food group M W 

Fruit 311.18 320.20 

Vegetables 
F&V total  

169.41 
480.59 

172.37 
492.57 

Dairy 198.81 223.27 

Grains 199.00 159.93 

Meat/alt 255.67 237.49 

Vitolins 

2009 

(134) 

Validated, semi-

quantitative, 134 

item FFQ on 
intake in previous 

6 months. Self-

administered with 
staff review. 3 

quality control 

questions. 

Data compared to 2000 

USDA food guidelines. 

(143) Kruskal-Wallis test 
used to assess univariate 

effects of demographic 

characteristics on food 
group consumption.  

Total (median serves/d): Group median intake met 

the USDA minimum 

number of recommended 
serves. However, a high 

proportion of participants 

failed to meet 
recommendations. <50% 

met minimum F&V, dairy 

and grains. 82% met 
meat/meat alt. 

- FFQ does not allow for 

quantification of absolute 

intake. 
- Recall fatigue may have been 

present due to size of FFQ.    

- Self-administered FFQ, relies 
on literacy and numeracy levels 

of participants. 

100% 

Food Group Rec 

(143) 

Observed 

intake 

Fruit 2-4 2 

Vegetables 3-5 3 

Dairy 2-3 2 

Grains 6-11 3 

Meat/alt 2-3 2 

 

Alt, alternatives; Ax, assessment; BMI, Body Mass Index; CDA, Canadian Diabetes Association; CFG, Canada’s Food Guide; DHQ, Diet History Questionnaire; d, day; DRIs, Dietary Reference Intakes; EPIC, 

European Prospective Investigation of Cancer; FFQ, food frequency questionnaire; F&V, fruit and vegetables; gl, glasses; g, grams; HbA1c, glycosylated haemoglobin A1c; HEI, Healthy Eating Index; kg, kilogram; 

L, litres; M, men; m, metre; mL, millilitres; NNSJ, National Nutrition Survey in Japan; TOSCA.IT; Thiazolidinediones or Sulphonylureas and Cardiovascular Accidents Intervention Trial; T2DM, type 2 diabetes 

mellitus; USDA, United States Department of Agriculture; wk, week; W, women; WHO, World Health Organization; y, years 
1Could not be added to the meat/meat alt group due to difference in quantifying intake. 
2Authors of the present review recalculated study results from grams/1000 Kcal/day to grams/Kcal/day based on results provided in the study for each gender. 
3Ireland adheres to the United Kingdom Food Standards Agency dietary guidelines. 
4Algeria does not have a set of dietary guidelines, therefore the South African dietary guidelines were used (Algeria is a country in Africa). 
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The methods for collecting dietary intake data were diverse. The most common tool 

utilised was a food frequency questionnaire (FFQ), (131-135, 137) followed by a 24-h 

recall (138, 140). One study utilised both a three-day food diary and a diet questionnaire, 

(78) and one utilised both a food diary and a FFQ, however, it did not specify the number 

of days the diary was administered (139). Another study employed a food consumption 

survey, however, little information was provided on survey content (136). The dietary 

intake period varied from the previous 24 hours to the previous year. Four studies did not 

discuss the recall period specified to participants (131, 132, 135, 136). 

 

Five of the 11 studies reported intake of all foods in their relevant food groups (131, 133, 

134, 139, 140). Six studies reported certain foods separately to their corresponding food 

group (e.g. ‘‘green vegetables” independently from the main ‘‘vegetable” food group) 

(78, 132, 135-138). Findings from the 11 studies are outlined in Table 4.3. Participants’ 

food group intake was reported in diverse ways. Six studies described participants’ dietary 

intake as mean or median servings per day for each food group, (131, 133, 134, 138, 140) 

three studies described participants’ dietary intake as mean grams per day for each food 

group (78, 132, 137) and one study described participants’ dietary intake as grams per 

1000 kcal consumed per day (135). One study described participants’ dietary intake as 

grams per day or grams per week for each food group (136). Three studies reported fruit 

and vegetable intake as one food group, (133, 136, 140) with the remainder listing fruit 

and vegetables as separate food groups (78, 131, 132, 134, 135, 137-139). 

 

Results from the six studies that described food group intake as mean or median servings 

per day are listed in Tables 4.3 and 4.4 (131, 133, 134, 138-140). Figures are bolded where 

intake met recommendations in Table 4.3. No study found that all food group 

recommendations were being achieved by the study sample. The majority of participants 

were consuming below the recommended serves of fruit, vegetables, grains and dairy and 

were meeting or exceeding the recommended serves for meat/meat alternatives.  Two 

studies reported that fruit and vegetable recommendations were being met, (134, 139) two 

studies reported dairy recommendations were being met (131, 134) and two studies 

reported grain recommendations were being met (138, 139). Four studies reported 

meat/meat alternative recommendations were being met or exceeded (131, 133, 134, 140). 

Of the two studies that did not meet recommendations for fruit and vegetables (reported 

together), the mean deficit was 2.6 serves and of the two studies that did not meet 

recommendations for fruit and vegetables (reported separately) the mean deficit was 0.65 
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and 0.45 serves respectively. Of the four studies that did not meet grain recommendations, 

the mean deficit was 1.78 serves and of the four studies that did not meet dairy 

recommendations, the mean deficit was 0.39 serves. 

 

Table 4.4 Comparison of food group intake against national nutrition guidelines for 

studies that assessed intake in serves per day 

Food group No. of studies included 

in assessment 

No. of studies that 

met 

recommendations 

Mean deficit of 

serves in studies 

that did not meet 

recommendations  

Fruit 

 

4 (131, 134, 138, 139) 2 (134, 139) -0.65 

Vegetables 

 

4 (131, 134, 138, 139) 2 (134, 139) -0.45 

F&V 

(reported 

together) 

2 (133, 140) 0 -2.60 

Dairy 

 

6 (131, 133, 134, 138-

140) 

2 (131, 134) -0.39 

Grains 

 

6 (131, 133, 134, 138-

140) 

2 (138, 139) -1.78 

Meat/meat 

alt 

 

6 (131, 133, 134, 138-

140) 

4 (131, 133, 134, 140) -1.20 

Alt, alternative; F&V, fruit and vegetables; No., number 

 

Of the five studies that described food group intake in grams per day, (78, 132, 135-137) 

four met the WHO recommended fruit and vegetable amount of 2, 400 g per day (132, 

135-137). These results are listed in Table 4.5. 

 

Table 4.5 Comparison of fruit and vegetable intake against WHO guidelines for studies 

that assessed intake in grams per day  

First author 

 & year 

F&V total mean intake 

(grams) 

Met WHO F&V 

recommendation >400 

grams/day? 

Horikawa, 2014 (132) 

 

515   

Kobayashi, 2013 (137) 

 

Men = 663  

Women = 839  

 

Laissaoui, 2016 (136) 

 

Normal weight = 492.74  

Overweight & obese = 421.84  

 

Murray, 2013 (78) 

 

291.3  

Vitale, 2016 (135) 

 

Men = 480.59 

Women = 492.57 

 

F&V, fruit and vegetables; WHO, World Health Organization 
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  4.5 Discussion 

This systematic review provides the first synthesis of the peer-reviewed literature on the 

food group intake of individuals diagnosed with T2DM. The findings suggest individuals 

do not adhere to national food group recommendations. However, majority of studies met 

the minimum daily gram recommendation for fruit and vegetables outlined by the WHO. 

This review highlights several methodological issues for future research on this topic. 

 

Of the six studies that assessed intake by daily food group servings, none found their 

study sample met recommendations for all five food groups. This raises concerns around 

the diet quality of individuals with T2DM given the consumption of healthy diets is 

associated with a lower risk of developing the disease (150). For example, a large 

prospective cohort study conducted in the UK showed individuals who reported 

consuming all five food groups had a 30% reduced incidence of T2DM (151). Further 

research determining factors that impact long term adherence to dietary guidelines is 

needed (12). 

 

The most consistent finding of this review was that individuals with T2DM consumed 

less than recommended serves of fruit, vegetables, dairy and grains (one study reported 

excessive grain consumption) (139). Although none of the studies found that the group 

mean for participants met all dietary recommendations, some populations were closer to 

meeting specified food group recommendations (e.g. Fruit) than others. Two of six studies 

reported adequate fruit and vegetable serves, (134, 139) two of six studies reported 

adequate dairy intake (131, 134) and two of six reported adequate grain intake (138, 139). 

Of the two studies that did not meet recommendations for fruit and vegetables (reported 

together), the mean deficit was 2.6 serves and of the two studies that did not meet 

recommendations for fruit and vegetables (reported separately) the mean deficit was 0.65 

and 0.45 serves respectively. These findings are concerning considering that dietary fibre 

(present in fruit, vegetables and grains) impacts positively on HbA1c and fasting blood 

glucose levels in individuals with T2DM (152). A recent systematic review of 13 RCTs 

analysed the effect of fibre on glycaemic control and reported high-fibre diets reduced 

absolute values of HbA1c by 0.55% and fasting blood glucose levels by 9.97 mg/d (152). 

Findings from the present review suggest intake of fibre-rich foods requires greater 

emphasis during nutrition care by clinicians. Key actions may involve delivering targeted 

nutrition education on the impact of fibre on glycaemic control, providing individualised 

dietary advice and sharing behavioural change techniques that encourage increased 
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consumption of fruits, vegetables and grains. Furthermore, the development and testing 

of population-based intervention strategies to increase the consumption of fibre are 

warranted. 

 

The findings of the present review appear to reflect the food group intake of the general 

population (153, 154). In the 2011–2012 National Nutrition and Physical Activity Survey, 

most Australians consumed inadequate serves for all five main food groups (153). Less 

than 4% met recommendations for vegetables, 31% met recommendations for fruit, 10% 

met recommendations for dairy, 30% met recommendations for grains and 14% met 

recommendations for meat/meat alternatives (lean meats only) (153). A study that used 

data from the National Health and Nutrition Examination Survey conducted in the US 

between 2001 and 2004 showed similar results (155). In the adult population, 12.9% met 

recommendations for vegetables, 17.5% met recommendations for fruit, 7.7% met 

recommendations for dairy, 58.9% met recommendations for grains and 54.1% met 

recommendations for meat/meat alternatives (155). This evidence and the findings from 

the pre- sent review show that low adherence to food group recommendations is a global 

behavioural issue, prevalent in those with, and without T2DM. Comprehensive nutrition 

actions and policies are required to increase diet quality worldwide, however the issue is 

of particular priority for those with T2DM given the negative health outcomes associated 

with poor glycaemic control. 

 

The body of evidence in this review has several limitations. Firstly, the majority of studies 

were conducted in developed countries, therefore results may not be representative of the 

entire population of individuals diagnosed with T2DM. Secondly, most studies utilised 

FFQs to collect their data. FFQs are often limited by measurement errors relating to 

incomplete food lists and inaccuracies in frequency and portion size estimations (156). 

Thirdly, it was not considered in the search whether individuals had received dietary 

education which may have Finally, all were cross-sectional in design. This exposes the 

studies to confounding, selection and information biases and impacts the generalisability 

of their results (157). A limitation of study comparability is that no study controlled for 

length of time with diabetes among participants. This, in combination with the cross-

sectional nature of the data makes it impossible to know if adherence to food group 

recommendations varies over time. Future longitudinal research that tracks changes in 

diet quality from diagnosis and the factors that influence those changes is clearly of high 

priority. 
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Significant diversity in the way the reviewed studies reported food group intake made 

comparisons challenging. Six studies measured food group intake as servings consumed 

per day, while others reported intake in grams. Both measures would have been useful for 

each report. Lack of detailed reporting of the specific foods included in each food group 

calculation (e.g. French fries counted in vegetable group or as a discretionary item) made 

a meta-analysis impossible. Development and application of a standardised method of 

food group intake reporting is a distinct priority arising from this research. 

 

A separate, but related issue, was the fact that guidelines for population food group intake 

varied between nations. For example, the minimum number of serves for fruit and 

vegetables recommended for Canadians is seven, (141) but only five for Arabs (142). To 

overcome this limitation, we compared the fruit and vegetable intake data reported in 

grams to the WHO standard of 2,400 g. Four of the five studies exceeded this amount, 

however, it should be noted that this is a relatively low level (the total daily amount in 

Australia is 675 g) (158). Standardising dietary guidelines across countries would vastly 

improve the ability to accurately compare data. 

 

Strengths and limitations 

This review has several strengths. Bias in data extraction and quality assessment were 

reduced by having two individual researchers examine each study. The review used an 

explicit inclusion-criteria and the search strategy included four large databases providing 

broad coverage of the international health literature. Forward citation searching and cross-

matching of reference lists reduced the possibility of missing studies. However, the 

review has some limitations. English language restrictions may have caused studies in 

some countries to be missed and diversity in the way data were collected and described 

prevented a meta-analysis from being conducted. Finally, grey literature was not sought, 

therefore, publication bias may have occurred, and relevant ongoing studies may have 

been excluded. 

 

  4.6 Conclusion 

This review synthesised literature that investigated the food group intake of individuals 

with T2DM. Individuals with T2DM appear to consume insufficient amounts of fruit, 

vegetables, dairy and grains. Future longitudinal research is required to examine the 

relationship of time from diagnosis with food group intake to facilitate targeted and 

effective strategies that enhance glycaemic control in this population. 
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Chapter 5. Phase 2 

 
Paper 2 - How Does Diet Change with A Diagnosis of Diabetes? Protocol of the 3D 

study 
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 5.1 Abstract 

Introduction: Diet quality influences glycaemic control in people with T2DM, impacting 

their risk of complications. While there are many cross-sectional studies of diet and 

diabetes, there is little understanding of the extent to which people with T2DM change 

their diet after diagnosis and of the factors that impact those changes. This paper describes 

the rationale for and design of the 3D study which aims to: (i) describe diet quality 

changes in the 12 months following T2DM diagnosis, (ii) identify the demographic, 

physical and psychosocial predictors of sustained improvements in diet quality and 

glycaemic control, and (iii) identify associations between glycaemic control and diet 

quality in the 12 months following diagnosis.  

 

Methods: This cohort study will recruit adults registered with the Australian National 

Diabetes Services Scheme who have been recently diagnosed with T2DM. Participants 

will be involved in five purposefully developed telephone surveys, conducted at 3 

monthly intervals over a 12-month period. Diet quality will be determined using a 24-h 

dietary recall at each data collection point and the data will be scored using the DASH 

diet-quality tool.  

 

Discussion: This study is the first dedicated to observing how people newly diagnosed 

with T2DM change their diet quality over time and the predictors of sustained 

improvements in diet and glycaemic control. 

 

  5.2 Introduction 

Diet quality plays a vital role in helping people with T2DM to achieve and maintain 

optimal glycaemic control, thereby lowering their risk of developing diabetes-related 

complications (10). Diet quality can be described as the extent to which food intake 

complies with national or international dietary guidelines or a priori diet quality score 

(159). Investigating diet quality based on dietary patterns, defined as multiple dietary 

components operationalised as a single exposure , provides valuable information, beyond 

analysing specific nutrients (e.g., protein) or food groups (e.g., dairy) (160). This is 

because dietary patterns closely reflect actual dietary behaviour and have a stronger 

influence on disease risk than specific nutrients or foods (58). Findings from dietary 

pattern analyses may facilitate the translation of useful recommendations to health 
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professionals and the general population (58, 161). A dietary pattern rich in whole-grains, 

fruits, vegetables, legumes, and nuts; moderate in alcohol; and low in refined grains, red 

or processed meats, and sugar-sweetened beverages has been shown  improve glycaemic 

control in people with T2DM (12). Consequently, a key feature of international T2DM 

management recommendations is to eat healthy foods that provide a high-quality diet (21, 

38, 161, 162). 

 

However, evidence has shown that people with T2DM have low-quality diets, despite 

these recommendations (16, 79, 81, 133, 134, 163). Our recent systematic review 

identified that internationally, people with T2DM do not adhere to food group 

recommendations outlined in dietary guidelines (163). Qualitative studies examining 

lived experiences report that people with T2DM find it challenging to adopt and maintain 

healthy dietary behaviours after diagnosis (16, 81). Our previous qualitative study that 

investigated the experiences and perceptions of Australian adults newly diagnosed with 

T2DM found that while participants reported making immediate, widespread changes to 

dietary behaviours that led to improvements in diet quality initially, they found it 

challenging to maintain dietary change (16). Participants described feeling restricted in 

food choice, being uncertain of ideal dietary behaviours and felt unheard and rushed when 

speaking about their diet with health professionals (16). Similar results were obtained in 

a qualitative study in Mexico where people reported making only short-term adherence 

to improvements in dietary intake due to difficulties with controlling appetite and eating 

with others (81). While these qualitative findings of experiences raise concerns, it is 

important to also investigate quantitative aspects of diet quality change following 

diagnosis. 

 

Cross-sectional research has assessed the diet quality of people with T2DM at a single-

point in time (163), however, no research has quantitatively explored changes in diet 

quality after diagnosis. Consequently, there is no evidence as to whether diet quality 

remains fixed once an individual is diagnosed with T2DM, or whether there are periods 

of marked increases or decreases in diet quality. Prospective, observational studies are 

valuable as they measure events in temporal sequence and can distinguish causes from 

effects (164, 165). Many factors influence diet quality. These include non-modifiable 

factors such as age and sex, and modifiable factors such as self-efficacy, perception of 
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current diet, environmental factors such as marketing and food availability, and 

relationships with health professionals (16, 79). There is currently no data on the 

demographic and health characteristics influencing diet quality change for people with 

T2DM (16, 53). There is a clear need to investigate how diet changes over time so targeted 

strategies can be developed to facilitate improved glycaemic control. This paper describes 

the methodological protocol of the 3D study, so named because seeing something in three 

dimensions adds clarity. In this case it refers to the 3D’s of Diet, after Diagnosis with 

Diabetes. The study aims are to: 

 

1. Describe diet quality changes in the 12 months following T2DM diagnosis; 

2. Identify the demographic, physical and psychosocial predictors of improvements 

in diet quality and glycaemic control; 

3. Identify associations between glycaemic control and diet quality in the 12 months 

following diagnosis.  

 

  5.3 Theoretical Framework  

The ability to predict and explain health-related behaviour is important for developing 

strategies to change those behaviours (166). The theory of planned behaviour (TPB) is 

among the most influential and widely applied theories of the factors influencing health-

related behaviour (166). According to the TPB, the single best predictor of a person’s 

behaviour is the intention to perform that behaviour (167). This is predicted by three 

constructs: attitude, subjective norm, and perceived behavioural control (PBC). The 

greater the PBC and more favourable the attitude and subjective norms, the stronger the 

intent will be to perform the behaviour (167). According to the TPB, people with T2DM 

will intend to improve  their diet quality to the extent that they believe the likely outcomes 

of consumption to be favourable, perceive social pressure from those who are important 

to them and feel capable of improving their diet quality without difficulty (168). The 

constructs of the TPB are considered strong predictors of healthful eating and are 

commonly applied in the development of dietary behaviour change interventions (168, 

169). This study will integrate the TPB into its design in order to explore the factors that 

may serve as moderators in influencing the TPB constructs, thus affecting dietary 

behaviours and T2DM management. 
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  5.4 Materials and Methods 

Study Design 

The 3D study is a prospective observational cohort study that will be conducted in 

Australia between 2018–2019. The study will recruit people newly diagnosed with T2DM 

and monitor their dietary intake over 12 months. The Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) checklist for cohort studies was used 

to guide the development of the research protocol (170). The 3D study is registered with 

the Australian New Zealand Clinical Trials Registry (ANZCTR) (ref: 

ACTRN12618000375257) and was approved by the Griffith University Human Research 

Ethics Committee (ref: 2017/951). Study results will be published in peer-reviewed 

journals and presented at scientific conferences. 

 

Potential Participants 

Eligible participants will be adults aged 18 years or older who have been recently 

diagnosed with T2DM (<6 months prior to recruitment contact), are registered with the 

Australian National Diabetes Service Scheme (NDSS) and have indicated their 

willingness to be contacted for research purposes. The NDSS is an initiative of the 

Australian Government and is administered with the assistance of Diabetes Australia 

(171). In 2017, there were approximately 1.1 million people registered with the NDSS 

(172). Registration is part of usual care for people diagnosed with T2DM, therefore this 

potential participant pool provides broad representation of the target population. People 

with T2DM are authorised to register for free if they live in Australia or are visiting from 

a country with which Australia has a Reciprocal Health Care Agreement on an applicable 

visa (171). Registering with the NDSS enables individuals to access a range of 

government approved diabetes-related products and information services (171). All 

registrants have the option of consenting to being contacted for research purposes. Upon 

registration, patients are required to register their personal details on a form signed by a 

registered Australian medical practitioner, nurse practitioner or a credentialed diabetes 

educator (171). The majority of T2DM diagnoses in Australia are made by GPs, who are 

the usual coordinators of management (12). A detailed participant inclusion and exclusion 

criteria is listed in Table 5.1. 
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Table 5.1 Inclusion and exclusion criteria for the 3D study. 

Inclusion Criteria Exclusion Criteria 

Adults aged >18 years Individuals aged <18 years 

Diagnosed with T2DM <6 months prior to 

recruitment contact 

Diagnosed with LADA, T1D, 

gestational diabetes or prediabetes 

Registered with the Australian NDSS and 

indicated their willingness to be contacted for 

research purposes. 

Individuals who have been placed 

on a special diet due to a co-

morbidity (e.g., renal disease) 

Able to communicate in English.  

LADA, Latent Autoimmune Diabetes in Adults; NDSS, National Diabetes Service Scheme; 

T1D, Type 1 diabetes; T2DM, Type 2 diabetes. 

 

Participant Recruitment and Screening 

A convenience sample of all individuals registered with the NDSS with a new diagnosis 

of   T2DM over the previous 6-month period will be sent an initial invitation letter and a 

plain-language summary of the research project via email by Diabetes Australia. 

Interested individuals will be invited to contact the research team via email or telephone 

to confirm eligibility, provide informed consent and arrange data collection. Participants 

will be informed they can withdraw from the study at any stage. This recruitment method 

has been trialled in a feasibility study conducted in 2016–2017 (unpublished) which 

successfully recruited 22 participants from 1000 email invitees. Of these 22, 17 completed 

baseline data collection, six participants had left the study by 3-months, however all 

participants remaining at 3-months were retained to 12-months. 

 

Data Collection 

Data will be collected using a purpose-developed, interviewer-administered telephone 

surveys at five-time points; baseline, and then at 3, 6, 9, and 12 months after commencing 

the study. Surveys will be conducted by Accredited Practicing Dietitians (APDs). The 

feasibility study found each survey takes approximately 30 min to complete. A measuring 

tape will be posted to all participants within two working days of recruitment to provide 

enough time to measure their waist circumference before data collection begins. 

Strategies including contact and scheduling methods have been shown to improve cohort 

retention in longitudinal studies (173). Participants will be contacted 2 weeks prior to 

their next anticipated data collection round to schedule a time. All participants will be 

sent a reminder via their preferred contact method one day prior to the date of their next 

survey. The recruitment and contact process is outlined in Figure 5.1. 
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Figure 5.1 Recruitment and contact process for the 3D study. 

 

 

 

 

People newly diagnosed (<6 months at recruitment contact) with T2DM registered 

on the National Diabetes Services Scheme invited to participate. 

Potential participants respond to request for participation.  

Eligibility screen conducted, baseline survey organised and postal address 

collected. Measuring tapes sent. 

Reminder send to participant via preferred method (email of text message) 1 day 

prior to next scheduled data collection round. 

Baseline survey scheduled and completed. 

Email send to participant to schedule next survey two weeks prior to their next 

anticipated data collection round.  

Next survey (3-months) completed.  

Steps 5-8 repeated until last survey (12-months) has been completed. 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

Step 7 
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Survey Design 

Data from all secondary outcome measures will be recorded in an online survey 

management system: www.limesurvey.org (174). Item wording and response options 

were composed to align with the Australian Bureau of Statistics (ABS) 2016 Census and 

the Australian Longitudinal Study on Women’s Health (ALSWH) to allow for 

comparison of outcomes (175, 176). Survey questions were generated using a 

developmental model (177) that employs five stages of questionnaire design and testing: 

conceptualisation, design, testing, revision, and data collection. The feasibility study 

allowed testing of questions to ensure they were comprehendible, relevant and 

appropriate to participants and to confirm the survey length was suitable. Revisions were 

then made based on the feedback provided. For example, some participants in the 

feasibility study felt they were being asked the same question twice in the Healthy Eating 

Belief Scale. Therefore, the interviewer’s scripted introduction and description of the 

Healthy Eating Belief Scale was modified to notify participants that there would be some 

repetition. The second draft was then pilot tested on three adults outside of the research 

team to ensure comprehensibility, suitability and flow.  

 

  5.2 Outcome Measures 

Table 5.2 provides an overview of the primary (diet quality) and secondary outcomes 

and when they will be collected. 

 
Table 5.2 Overview of data collection points in the 3D study.  

Data collection methods 

Time collected 

0 

months 

3 

months 

6 

months 

9 

months 

12 

months 

Diet quality                     

Glycaemic control                     

Medication use                     

Baseline demographic factors         

Physical factors                     

Psychosocial factors                     

Exposure to allied healthcare 

support 
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Primary Outcome Measure: Change in Diet Quality (measured by DASH score) 

Diet quality can be measured by a variety of purpose developed tools (178). These are 

constructed by assigning higher scores within sub-scales based on more frequent or higher 

intakes of foods, nutrients or both (178). DASH is a dietary pattern high in whole-grains, 

fruits, and vegetables; moderate in low-fat dairy; and low in red and processed meats, 

sugar-sweetened beverages, and sodium (179). While originally developed to assist 

people in the prevention and management of hypertension, DASH is now recommended 

for the dietary management of T2DM (53, 180). Adherence to DASH positively impacts 

on glycaemic control, weight, and hypertension, which are key indicators of risk for 

diabetes-related complications (53, 58, 179). An RCT conducted in adults with T2DM 

showed that adherence to DASH improved glycated haemoglobin (HbA1c) (−1.2%), 

fasting blood glucose (−0.92 mmol/L), weight (−3 kg) and waist circumference (−4.8 cm) 

over 8 weeks when compared with a control diet (72, 181). Those following the DASH 

dietary pattern, also had a greater reduction in LDL cholesterol (difference from the 

control diet, −7.7 ± 3.3%). A systematic review and meta-analysis of 20 RCTs found 

DASH significantly reduced systolic (−5·2 mmHg) and diastolic blood pressure (−2·6 

mmHg) in adults with and without diabetes (182). Another systematic review and meta-

analysis of 13 RCTs revealed that adults without T2DM who adhered to DASH achieved 

greater weight loss (−1.42 kg), reduced BMI (−0.42 kg/m2) and decreased waist 

circumference (−1.05 cm) compared with controls (183). Considering the recognised 

impact on glycaemic control, weight and hypertension, DASH was chosen as the dietary 

pattern used to assess diet quality in the present study. Participant DASH scores will be 

calculated using the DASH diet-quality tool which has been shown to have the highest 

correlation with health outcomes related to T2DM compared to other tools that measure 

diet quality (184, 185).  

 

Change in DASH score from baseline to 3-months will be used to categorise participants 

as diet quality improvers or diet quality maintainers. Participants will be split into 2 

groups; those who improved their DASH score by at least 3 DASH points (Diet quality 

improvers) and those who maintained their DASH score within 2.99 points or decreased 

their DASH score by at least 3 points (Diet quality maintainers). A change in DASH score 

of 3 points was selected based on findings from previous literature (186). In a 20-year 

longitudinal study of over 40,000 adults, an average DASH score  of 23.8 out of 40 was 
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observed, and a change in score of approximately 3 points or more was sufficient to 

significantly influence long-term glycaemic control (186). 

 

Dietary intake data will be obtained through the Australian version of the Automated Self-

Administered 24-h Dietary Assessment Tool (ASA-24). The ASA-24 is based on the 

validated Automated Multiple-Pass Method (AMPM) which is considered the optimal 

method for obtaining 24-h recall data due to its numerous probes, standardisation of 

interviewer administration and validation against recovery biomarkers (187, 188). This 

method is also consistent with the methodology of the most recent population nutrition 

survey in Australia (the National Nutrition Survey) and has been shown to be a valid 

measure of dietary behaviour at a given time point (154, 189). The ASA-24 is an online 

automated questionnaire that guides the individual through a system designed to 

maximise respondents’ opportunities for remembering and reporting foods eaten in the 

previous 24 h (188). The questionnaire is divided into five phases in line with published 

methodological guidelines; ‘quick list’, ‘forgotten foods’, ‘time and occasion’, ‘detail 

cycle’, and ‘final probe’ (154, 188). These phases encourage respondents to think about 

their intake in different ways and from several perspectives which has been shown to 

reduce bias in the estimation of dietary intake (188). Once a specific food or beverage is 

reported, systematic questions are asked to capture more precise information about the 

food, cooking methods and quantity consumed. The ASA-24, usually a self-completed 

tool, will be adapted for use in a telephone survey; a researcher will ask the questions and 

enter the data. This will reduce participant burden and help decrease any bias associated 

with participant information technology literacy levels. This process was carried out 

successfully in a feasibility study with patients newly diagnosed with T2DM. The data 

from the feasibility study were able to be used to assess changes in diet quality over a 12-

month period. 

 

Following data collection, participant 24-h dietary recall data will be sent from the ASA-

24 program to the research team.  This data will then be manually entered into FoodWorks 

by an experienced dietitian to allow determination of participant DASH scores. 

FoodWorks is a dietary analysis software program using standardised serve sizes that 

allows for quantification of specific food groups (e.g., vegetables) and nutrients (e.g., 

sodium) obtained from reported dietary intakes, recipes and meals (190). FoodWorks 
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draws on the national AUSNUT database (190). AUSNUT was developed by Food 

Standards Australia and New Zealand and includes complete nutrient data sets of 

Australian foods designed specifically for nutrition surveys and is therefore suitable for 

use in this project (190). 

 

DASH scores will be calculated using the standard scoring tool created by Fung et al 

(185). Every tenth DASH score will be cross-checked by a second member of the research 

team to ensure accuracy. The standard scoring tool determines a score between 8 and 40 

points, with 40 points representing optimal accordance with the DASH dietary pattern 

(185). The DASH score is calculated by summing the number of daily servings of seven 

dietary components; fruits, vegetables, nuts and legumes, whole-grains, low-fat dairy, red 

and processed meats, sugar-sweetened beverages, and sodium intake.  For each of the 

components, participants are classified according to their intake ranking. Higher intakes 

of fruits, vegetables, low-fat dairy, whole-grains, and nuts and legumes receive higher 

scores. For example, quintile 1 is assigned 1 point and quintile 5 is assigned 5 points.  

Intake of sodium, red and processed meats and sugar-sweetened beverages are scored in 

reverse as these are less desirable foods (185). The lowest quintile is given a score of 5 

points and the highest quintile is given a score of 1 point. The components scores are then 

summed to give an overall DASH score (185). At each data collection point, sex-specific 

quintiles for individual DASH food group will be calculated using Microsoft Excel’s 

automated quintile formula based on the dietary data. The scoring criteria for the DASH-

style diet is outlined in Table 5.3. 
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Table 5.3 Dietary Approaches to Stop Hypertension (DASH) dietary pattern scoring  

*Q1 represents low consumption and Q5 represents high consumption.  

SSBs; sugar-sweetened beverages.  

 

Secondary Outcome Measures 

Secondary outcome measures will include: glycaemic control, medication use, 

demographic factors, physical factors, psychosocial factors, and exposure to health 

provider support. 

 

Glycaemic Control 

HbA1c  reflects  average  plasma  glucose  over  the  previous  six  to  eight-week  period 

(191, 192). In Australia, it is best practice for GPs to conduct HbA1c testing on people 

with T2DM every 3 months (21). The test is subsidised by Medicare, the Australian 

Government’s universal health scheme, up to four times in a 12-month period (27). The 

GP on the research team will retrospectively obtain participants’ HbA1c results over the 

12-month study period from the relevant pathology laboratory. Other blood results 

collected will include; fasting blood glucose, high-density lipoprotein cholesterol, low-

density lipoprotein cholesterol, and C-reactive protein.  

 

Medication Use 

Information on all medication use (name of medication and dosage) will be collected, 

including over-the-counter, and complementary medicines. 

 

 

 

Component Foods Scoring 

Quintiles (Q) * 

Fruits 

Vegetables  

Nuts and 

legumes 

Whole-grains 

 

 

Low-fat dairy 

All fruits and fruit juices. 

All vegetables except potatoes and legumes.  

Nuts and peanut butter, dried beans, peas and 

tofu.  

Brown rice, dark breads, cooked cereal, whole-

grain, cereal, other grains, popcorn, wheat germ, 

bran.  

Skim milk, yoghurt, cottage cheese. 

Q1 = 1 point 

Q2 = 2 points  

Q3 = 3 points  

Q4 = 4 points  

Q5 = 5 points 

Sodium 

Red and 

processed meats 

SSBs 

Sums sodium content of all foods  

Beef, pork, lamb, deli meats, organ meats, hot 

dogs, bacon.  

Beverages with added sugars. 

Q1 = 5 points  

Q2 = 4 points 

Q3 = 3 points  

Q4 = 2 points 

Q5 = 1 point 
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Demographic Factors 

Demographic factors collected at baseline including; age, gender, highest education level, 

living arrangement, self-selected social class, household income, ability to manage on 

income, and smoking status. Response options will be dichotomous (e.g., gender), 

continuous (e.g., age) or categorical (e.g., highest educational level), consistent with 

categories used in the national consensus by the ABS. 

 

Age and Gender 

Participants’ age at last birthday and gender will be collected. Sex response options will 

include three categories in line with the ABS 2016 Census; male, female and other (193). 

 

Highest Education Level 

Collecting data on highest educational level helps generate a single measure of an 

individual’s overall educational attainment, whether it be a school or non-school  

qualification (193). Participants will be asked to report their highest education level from 

eight categories in line with the ABS 2016 Census; postgraduate degree, graduate diploma 

and graduate certificate, bachelor degree, advanced diploma, diploma, certificate, year 

12, or year 11 and below (193).  

 

Living Arrangement 

Data on participants’ current living arrangement will be collected. In line with the 

ALSWH, response options will include; no one, partner/spouse, own children, someone 

else’s children, parents, or other adults (176). 

 

Self-Selected Social Class 

Requesting information on self-selected social class allows class designation to be 

meaningful to participants and is more likely to reflect their actual class identity (194). 

Participants will be asked to self-select their social class from one of four response options 

in line with the ALWHS; ‘upper class’, ‘middle class’, ‘working class’, or ‘don’t know’ 

(194). 
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Household Income and Ability to Manage on Income 

Gross income refers to the sum of income received from all sources before any deductions 

(income tax, the Medicare Levy or salary sacrificed amounts) are taken out (193). 

Participants will be asked to report their average yearly gross household income from six 

response options in line with the ALSWH; less than $20,000, $20,001–$30,000, $30,001–

$50,000, $50,001–$100,000, more than $100,000 or ‘don’t know/would rather not say’.  

Details on participants’ ability to manage on their current income will   also be collected. 

Seven response options in line with the ALSWH will include; ‘impossible’, ‘difficult’, 

‘always difficult’, ‘sometimes difficult’, ‘not too bad’, ‘easy’, or ‘not sure’ (195). 

 

Smoking Status 

Participants will be asked to report their smoking status. Wording of the question has been 

developed to correspond with the ABS 2016 Census and response categories will include 

‘yes’ or ‘no’ (194). 

 

Physical Factors 

Self-reported anthropometric data is valid and recommended for monitoring prevalence 

of obesity, particularly for large-scale studies because of its simplicity and low cost (196-

198). Physical factors will include; self-reported waist circumference, weight, and height. 

All response options will be continuous. 

 

Waist Circumference 

Waist circumference is a better indicator of central obesity than BMI or waist-to-hip ratio 

and is more strongly correlated with intra-abdominal fat content and cardiovascular risk 

factors (199). Participants will be asked to self-report their waist circumference to the 

nearest centimetre. Participants will be asked to report results of two measures at each 

round of data collection, which will be averaged during data analysis. Measuring 

instructions adapted from the ALSWH will be provided to participants in the postal 

envelope (200). Instructions will request participants to measure mid-central adiposity 

using the tape to measure at the level of the mid-point between the lower costal border 

and the iliac crest (200). 
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Weight 

Weight will be self-reported at each data collection point to the nearest decimal point. If 

the participant can only report the amount in stones and pounds, a conversion factor of 

2.203 will be used to convert pounds into kilograms in line with the ALSWH (194). 

Participants will be asked to describe where and how their weight was measured to assess 

the accuracy of the information. 

 

Height 

Height will be self-reported to the nearest centimetre at baseline only. If the participant 

can only report the information in feet or inches, a factor of 2.54 will be used to convert 

inches to centimetres in line with the ALSWH (194).  

 

Body Mass Index (BMI) 

BMI provides the most useful population-level measure of obesity (200, 201). 

Participants’ BMI will be calculated after each round of data collection using the standard 

equation (weight (kg)/height (m)2) (200). Participants will be grouped into BMI 

categories for analysis according to the WHO guidelines; underweight (<18.50 kg/m2), 

normal weight (18.50–24.99 kg/m2), overweight (≥25.00 kg/m2) and obese (≥30.00 

kg/m2) (201). 

 

Physical Activity 

Regular physical activity is a key feature of international T2DM management guidelines 

(36, 38). This is because it has been shown to improve glycaemic control (regardless of 

whether weight loss has occurred), lipid levels, and blood pressure in people with T2DM 

(46, 202, 203). Participants’ physical activity levels will be measured through the IPAQ-

SF which is one of the most widely used physical activity assessment questionnaires and 

has been shown to be a valid measure of obtaining internationally comparable physical 

activity data (204, 205). It measures self-reported physical activity in the previous seven 

days and includes seven items that collect information on walking time, moderate and 

vigorous physical activity time and sitting time (206). Data obtained in the IPAQ-SF will 

be used to estimate total metabolic equivalent (MET) minutes per week for each 

participant (206). 
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Psychosocial Factors 

Healthful Eating Beliefs 

Healthy eating beliefs will be investigated at each of the five data collection points to 

better understand their beliefs, attitudes and intentions towards making positive dietary 

behaviours and how these impact on diet quality change over time. Participants’ healthy 

eating beliefs will be assessed through the Healthful Eating Beliefs Scale. This scale is 

based on the TPB (207). Standardised questions have been selected from previous 

Healthful Eating Beliefs Scales to suit the current study. Table 5.4 provides an outline of 

the rationale for investigation behind the questions and modes of responses. Participant 

scores will be generated for each of the seven subscales of the Healthful Eating Beliefs 

Scale by calculating the mean of the 5-point Likert scale items, with higher scores 

representing more positive beliefs, attitudes, and intentions towards improving dietary 

behaviours. 
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Table 5.4 Healthful Eating Beliefs Scale rationale for investigation and modes of 

responses 

Category Rationale 

for 

investigation 

Areas of 

enquiry 

Standardised questions and 

response options  

(5-pt Likert scale) 

Source 

 

 

 

 

 

Healthful 

eating 

beliefs 

scale 

 

 

 

 

 

To better 

understand 

healthy 

eating beliefs 

among 

participants 

and 

determine if 

they change 

over time.  

 

 

Behavioural 

intention 

“I intend to eat a healthful diet each 

day in the next 2 months,” 

“I will try to eat a healthful diet 

each day in the next 2 months,”   

“I plan to eat a healthful diet each 

day in the next 2 months,” 

 

(207) 

 

Perceived 

behavioural 

control 

“I have the self-discipline to eat a 

healthful diet,” 

“I have the ability to eat a healthful 

diet,” 

“Me eating a healthful diet is 

easy/difficult,” 

“Whether I do or do not follow the 

recommendations for my diet is 

entirely up to me,” 

 

(208) 

Subjective 

norm 

“People important to me think I 

should/should not eat a healthful 

diet,”  

“Other people expect me to follow 

the daily recommendations for 

diet,”  

“People important to me want me 

to eat a healthful diet,” 

“Other people with diabetes to 

follow the daily recommendations 

for diet,” 

 

(208, 

209) 

Attitudes 

towards 

self-care 

“Following the recommendations 

for my diet would be 

harmful/beneficial,”  

“It would be worthless/valuable for 

me to follow the daily 

recommendations for my diet,” 

“Following daily recommendations 

for diet is unnecessary/necessary,”  

“Following daily recommendations 

for diet is unpleasant/pleasant,” 

 

(209) 
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Mental Health 

Mental health data will be collected at baseline, 6 and 12-months using the internationally 

validated K10 questionnaire (210). This 10-item questionnaire yields a global measure of 

distress based on questions about anxiety and depressive symptoms experienced in the 

most recent four-week period (211). It is scored using a five-level response scale based 

on the frequency of symptoms reported for each question. One is the minimum score for 

each item (none of the time) and five is the maximum score (all of the time). The 

maximum score is 50 indicating severe distress, the minimum score is 10 indicating no 

distress (211).  

 

Exposure to GP and Allied Healthcare Support 

Interactions with health professionals may help facilitate positive changes in dietary 

behaviours (80). At each data collection point, participants will be asked about their 

concurrent and previous exposure to healthcare provider support (e.g., dietitian, diabetes 

educator).  Participants will also be asked to report how useful they found the advice on 

a 5-point Likert scale (1 being ‘not at all useful’, 2 being ’slightly useful’, 3 being 

‘neutral’, 4 being ‘somewhat useful’ and 5 being ‘extremely useful’). Question wording 

has been modified from previously conducted qualitative research that explored the 

experiences of dietary change in people with T2DM (16). 

 

Participant Confidentiality 

All study related information will be de-identified and stored securely online with 

password-protected access systems. Daily back-ups of all electronic data will occur to 

minimise any risk of lost data. Only members of the research team who need to contact 

study patients, enter data or perform data quality control will have access to participant 

information. 

  

Statistical Modelling and Sample Size 

The longitudinal aspect of diet quality change will be analysed using regression models 

(212). Diet quality at 12-months (measured by the DASH score) will be the primary 

outcome, with glycaemic control, interim diet changes (primarily at 3-months), 

medication use, demographic measures, physical measures, psychosocial measures, and 

exposure to healthcare provider support as the explanatory variables. This model will 
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determine the relative importance of diet quality change both immediately after diagnosis 

and in the medium term with regards to a 12-month outcome towards sustained healthy 

eating.  

 

Sample size calculations, such as those provided in Diggle et al. (212) are not readily 

computed for complex regression models and assessment using simulation studies would 

be more appropriate (213). However, due to the relatively small participation rate in the 

feasibility study (22 participants/1000 invited) credible model parameters are currently 

unable to be formulated, and the effect differences over time cannot be reliably inferred. 

Additionally, current research of diet quality change post diabetes is lacking (163), 

therefore effects cannot be competently elicited.  As a result, rather than determining    an 

initial sample size for the study, a Bayesian updating procedure will be used to collect 

data. In this manner, sample size will be calculated during the early stages of data 

collection to yield an idea of how many samples should be collected. Additionally, using 

a Bayesian framework, the parameter estimates of the mixed model will be sequentially 

updated as batches of data are obtained, a process known as Bayesian learning (214, 215). 

 

  5.5 Discussion 

The study described in this paper, the 3D study, will be the first to observe changes in 

diet quality in people with T2DM after diagnosis and the factors (demographic, physical, 

and psychosocial) that influence those changes. Longitudinal studies help highlight 

differences or changes in the values of one or more variables between different time 

periods, describe participants’ intra-individual and inter-individual changes over time and 

monitor the magnitude and patterns of those changes (216). This is important for the 

proposed research because it is necessary to understand the extent to which people change 

their diet after a T2DM diagnosis and why some people are able to sustain these changes 

over time and others are not. Understanding this will help to develop targeted strategies 

and facilitate enhanced dietary behaviour support important to assist all people with 

T2DM to have long-term success in improving their diet quality and help reduce the risk 

of complications. The results of this study will significantly add to the body of literature 

on the diet quality changes of people diagnosed with T2DM, which is an under-researched 

area. 
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Limitations of the 3D study are acknowledged. Recruitment through the NDSS is the most 

suitable way to access a large number of potential participants with T2DM, however 

selection bias cannot be excluded as registration is voluntary, so participants may have 

greater diabetes self-management motivation. Self-reported dietary intake data and 

physical measurements may introduce misreporting bias and social desirability responses.  

 

Measurement errors associated with dietary assessment methods are also acknowledged. 

However, use of the ASA-24 h dietary recall (Australian version) which is a validated 

tool specifically designed for the Australian population, reduces risk of bias (154). A 

feasibility study for this project has already determined that its recruitment capability, 

data collection and analysis procedures are achievable and appropriate. 
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Chapter 6. Phase 3 – part one 

 

Paper 3 - Short-term improvements in diet quality in people newly diagnosed with 

type 2 diabetes are associated with smoking status, physical activity and body mass 

index: the 3D case series study. 

 

Reader’s note: This chapter encompasses a co-authored paper. The bibliographic details 

of the co-authored paper, including all authors, are:  

Burch E, Williams LT, Thalib L, Ball L. Short-term improvements in diet quality in 

people newly diagnosed with type 2 diabetes are associated with smoking status, physical 

activity and body mass index: the 3D case series study. Nutrition and Diabetes.  

2020;10(25)  

 

See Appendix C for reprint. 
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 6.1 Abstract 

Background: Dietary intake impacts glycaemic control through its effect on weight and 

glucose-insulin homeostasis. Early glycaemic control is associated with improved 

outcomes and reduced mortality for people with T2DM. To date, the diet quality of people 

with T2DM has only been studied cross-sectionally. The objective of this paper is to 

quantify short-term improvements in diet quality and to identify factors associated with 

improvements after T2DM diagnosis among participants in the 3D study. 

 

Methods: This paper presents data from the 3D study of 225 Australian adults, newly 

diagnosed with T2DM. Telephone interviews collected demographic, diet, physical and 

health data at baseline and 3-months. Diet quality was assessed using the DASH tool to 

examine short-term changes in diet quality after diagnosis. Participants were categorised 

into two groups: those who improved their diet quality by 3-months (increase in DASH 

score of 3 or more) and those who did not. Factors associated with change in DASH 

scores were clinically and statistically evaluated. 

 

Results: The participants in the 3D study were comparable to other Australian study 

cohorts with diabetes by gender and body mass index (BMI) but differed by age, 

remoteness and socioeconomic status. Mean (SD) baseline DASH score was 24.4 (4.7), 

in the midrange of possible scores between 8 and 40. One third of participants improved 

their DASH score by 3-months. This group had lower diet quality (p<0.001), lower BMI 

(p=0.045), higher physical activity levels (p=0.028) and were less likely to smoke 

(p=0.018) at baseline. 

 

Conclusion: Diet quality changes after diagnosis do not appear to be associated with 

demographic characteristics but were associated with some health factors. Strategies 

targeted at better supporting smokers, those with low physical activity levels and men 

with a higher BMI are required. Future research should investigate how diet quality 

changes over longer periods of time and the effect on diabetes related health outcomes. 
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  6.2 Introduction  

Lifestyle modification is the first line of treatment for people newly diagnosed with 

T2DM (12). Dietary intake impacts glycaemic control through its effect on weight and 

glucose-insulin homeostasis (11). Early, tight glycaemic control is associated with 

improved outcomes and reduced mortality for people with T2DM, regardless of how the 

disease is managed in the future (35). It is therefore important to understand the changes 

that people with T2DM make to improve diet quality immediately after diagnosis. 

 

Intervention studies have shown several dietary patterns to be effective in improving 

glycaemic control and other health outcomes in individuals with T2DM such as 

hypertension and lipid profiles (13, 119, 217). These include; the Mediterranean diet, the 

DASH diet, low-glycaemic index diet, moderately low-carbohydrate diet, vegetarian and 

vegan diets, and general healthy eating diets (119). Dietary management guidelines for 

T2DM suggest that personal preferences, cultural backgrounds, and metabolic goals 

should be considered when recommending one dietary pattern over another as no 

particular pattern will suit all people with T2DM (53). The DASH dietary pattern has 

been shown to be beneficial for glycaemic control, blood pressure, body weight, waist 

circumference and lipid levels in people with T2DM and was therefore the dietary pattern 

used to assess diet quality in this study (71, 72). 

 

Despite the well-recognised impact diet quality can have on diabetes-related health 

outcomes, our systematic review has shown that, people with T2DM have low-quality 

diets because they do not meet fruit, vegetable, whole-grain or low-fat dairy food group 

recommendations and meet or exceed the red meat and meat alternatives food group 

recommendations (163). This suggests strategies to support healthy eating for people with 

T2DM are still required. However, this review was limited by the fact that the included 

studies were all of cross-sectional design (163). Prospective designs are required to 

investigate what dietary changes people make immediately after T2DM diagnosis and the 

demographic and health characteristics related to these changes (218). Interventions can 

then be designed to support these people to improve diet quality to achieve early, tight 

glycaemic control. 
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The objective of this paper is to quantify short-term improvements in diet quality and to 

identify factors associated with improvements after T2DM diagnosis among participants 

in the 3D study. The 3D study: “How does Diet change with a Diagnosis of Diabetes” 

used a case-series design to follow a national sample of Australians newly diagnosed with 

T2DM over a 12-month period.  

 6.3 Methods 

Study design and participants 

Methodological details of the 3D study have been published elsewhere (218). Briefly, 

adults over the age of 18 years diagnosed with T2DM in the 6-months prior to recruitment 

were monitored through five interviewer-administered telephone surveys at baseline, 3, 

6, 9 and 12-months. Informed consent was obtained from all participants. Dietary, 

physical and other health characteristics were collected at each time point. Demographic 

characteristics were collected at baseline only. This paper presents data collected at 

baseline and 3-months only. The 3D study is registered with the ANZCTR (ref: 

ACTRN12618000375257) and was approved by the Griffith University Human Research 

Ethics Committee (ref: 2017/951). 

 

Data collection  

Data were collected using interviewer-administered telephone surveys. Surveys were 

approximately 30 minutes in duration and were conducted by APDs. Dietary intake data 

were entered by the APD into the Australian version of the ASA-24. All other data were 

recorded by the interviewer in an online survey management 

system: www.limesurvey.org. 

 

Demographic characteristics  

Demographic characteristics collected at baseline included age, gender, highest education 

level, living arrangement, self-selected social class, language, indigenous status and 

household income. Response options were consistent with categories used in the national 

census by the ABS. Participants were assigned an ARIA score which divides Australia 

into five classes of remoteness on the basis of a measure of relative access to services 

(219).  
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Participants were categorised into Socio-Economic Indexes for Area (SEIFA) quintiles 

based on their postcode, which indicates the socio-economic advantage/disadvantage of 

areas using information from the ABS census (220). Demographic characteristics of the 

3D sample were compared with the Australian Living with Diabetes (LWD) study (221), 

the 2015 Management and Impact for Long-term Empowerment and Success (MILES-2) 

study (222) and the national 2014–15 Australian Health Survey to examine 

representativeness of the sample (223). 

 

Health characteristics  

Health characteristics collected at every time point included smoking status, weight and 

waist circumference (participants were mailed a tape measure for this purpose). Height 

was collected at baseline only. The WHO classification system for BMI and sex-specific 

recommendations for waist circumference were used to categorise into groups (224). 

Physical activity levels were measured through the IPAQ-SF short form (205). 

Information on medication use (name of medication and dosage) including over the 

counter and complementary medicines were collected. Mental health was assessed using 

the internationally validated K10 questionnaire (210). Diabetes characteristics collected 

at baseline included date of T2DM diagnosis and one question related to whether the 

participant had been told they had prediabetes before they received a formal T2DM 

diagnosis from their GP. Health and diabetes characteristics of the 3D sample were 

compared to Australian studies: the LWD (221) and the 2015 MILES-2 (222).   

 

Diet quality (DASH) 

24-hour dietary recall data acquired through the ASA-24 was automatically entered into 

the dietary analysis program FoodWorks (190). FoodWorks data were then used to 

calculate DASH scores between 8 and 40 points (40 points representing optimal 

accordance with the DASH dietary pattern) using the standard scoring tool (185). DASH 

score was calculated by summing the number of daily servings of seven dietary 

components; fruits, vegetables, nuts and legumes, whole-grains, low-fat dairy, red and 

processed meats, sodium and sugar-sweetened beverages (185). A sample of how the 

quintiles were calculated and scored for some of the DASH food groups (fruit, vegetables, 

sodium and red and processed meats) is provided in Appendix H. 
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Change in diet quality 

Change in diet quality was calculated by subtracting participants DASH scores at baseline  

 

from the score at 3-months. Participants were categorised into two groups; those who 

improved their DASH score by at least 3 points (‘improvers’) and those who improved 

by 2 or fewer points, maintained their DASH score or decreased their DASH score 

(‘maintainers’). An increase of 3 points was deemed as the smallest clinically significant 

change based on findings from a 20-year longitudinal study of over 40,000 adults that 

showed an increase of at least 3 points to significantly influence long-term glycaemic 

control as assessed by glycated haemoglobin (HbA1c) (186).  

 

Data analysis 

Data cleaning was conducted to ensure accuracy and plausibility. Ten percent of the 

records were double checked for accuracy of data entry at the conclusion of each data 

collection point. Data were then cleaned and checked for errors by a data co-ordinator 

within the research team. The range of values for each variable were then assessed for 

plausibility and outliers were double checked for their accuracy. Sample 

representativeness was explored by comparing available demographic and health 

characteristics of the sample with national data (221-223) using Pearson’s χ2 goodness of 

fit tests. For longitudinal analyses, crude associations between the baseline demographic, 

health and diet related behavioural characteristics were investigated for all participants. 

Pearson’s χ2 and Fisher’s Exact tests were used to compare categorical variables. 

Independent sample t-tests and One-way ANOVAs were used to compare normally 

distributed continuous variables and Mann–Whitney U and Kruskal–Wallis tests were 

used to compare non-normally distributed continuous variables. 

 

  6.4 Results 

Study sample 

A flow chart outlining recruitment and retention and participant distribution between 

‘improvers’ and ‘maintainers’ between baseline and 3-months of the 3D study is outlined 

in Fig 6.1 Between May 2018 and August 2018, a total of 14,108 individuals who had 

been diagnosed with T2DM in the previous 6-months were sent an email from Diabetes 

Australia inviting them to participate in the study.  
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Four hundred and fifteen individuals contacted the researchers to express interest in the 

study (2.9% response rate), 190 of whom were ineligible. Reasons for ineligibility  

 

included; a diagnosis of diabetes above 6-months prior to recruitment (n=70), non-

responsive to request for more details (n=119) or on a restricted, specialised diet due to a 

medical condition (n=1). Two hundred and twenty-five participants completed all 

components of the baseline survey, 203 of whom also completed the 3-month survey. 

Four participants withdrew from the study at 3-months and 18 were uncontactable after 

two emails, two text messages and one phone call request to schedule an interview time 

(90.2% retention rate). Participants who completed baseline but not the 3-month data 

collection had a lower mean age (p=0.006), less time since diagnosis (p=0.018) and a 

higher baseline DASH score (p=0.029; data not shown). 
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Table 6.1 describes the demographic characteristics of the 3D sample at baseline. There 

were more males than females in the 3D sample, consistent with the three comparison 

cohorts. 3D participants were younger than the national cohort (p<0.001), which is to be 

expected given the recency of their diagnosis. Consistent with the LWD (221) and 

MILES-2 cohorts (222), proportions of Aboriginal Torres Strait Islander people were low, 

with only two people identifying as having this background. The remoteness of 

participants differed between the 3D sample and the national cohort (p<0.001), with a 

lower proportion of 3D participants in inner-regional (13.8% vs 21.6%), and outer-

regional areas (7.6% vs 13.4%) than the national cohort (223). The socioeconomic status 

of participants differed between the 3D sample and the national cohort (p<0.001), with 

fewer 3D participants in the lowest socio-economic group compared with the national 

cohort (20.2% vs 30.6%). The majority of 3D participants identified as either upper or 

middle class (79.0%). Nearly two thirds of participants had a gross yearly income of at 

least $50 000 (63.9%).  
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Table 6.1 Comparison of the baseline demographic characteristics of 3D study participants against other 

Australian cohorts  

 

 

Demographic characteristic 

3D cohort  

n=225  

(100.0%) 

National cohort 

n=1,163,403 

(100.0%)1 

LWD 

cohort 

n=3,951 

(100.0%)2 

 

 

  

MILES-2 

cohort   

n=1,264 

(54.0%)3 

 

P value 

Sex n (%)  

Male 

Female 

 

126 (56.0) 

 99 (44.0) 

 

636 179 (54.7)  

527 224 (45.3) 

 

2175 (55.1) 

1776 (44.9) 

 

725 (57.4) 

539 (42.6) 

0.6954 

0.7815 

0.6716 
 

 

Age n (%) 

<55 years 

55-65 years 

>65 years 

 

76 (33.7) 

80 (35.6) 

69 (30.7) 

 

 

281, 500 (24.2) 

307, 815 (26.5) 

574, 044 (49.3) 

 

 

 

 

 

- 

 

 

 

 

 

- 

 

 

 

 

 

  

<0.0017 

Mean + SD age (years) 

   

 

58.5 + 11.0 - 61.4 + 12.1 61 ± 9.0 - 

Highest education n (%) 

Higher education degree 

Diploma or certificate  

No post-school education 

 

82 (37.0) 

80 (36.0) 

60 (27.0) 

 

 

- 

 

516 (13.4) 

1044 (27.2) 

2284 (59.4) 

 

470 (37.3) 

382 (30.3) 

408 (32.4) 

 

  

<0.0018 

  0.1119 

Indigenous Australian n (%) 

Aboriginal/Torres Strait 

Islander  

None 

 

 

     

 

   2 (0.9) 

 

223 (99.1) 

 

- 

 

 

  70 (1.8)  
 

3878 (98.2) 

 

  22 (1.7)  

 

1242 (98.3) 

 

 

0.30410 

0.34611 

 Remoteness n (%) 

Major city 

Inner regional                                                                                             

Outer regional 

Remote/very remote 

 

172 (76.4) 

  31 (13.8) 

17 (7.6) 

  5 (2.2) 

 

756, 310 (65.0) 

251, 283 (21.6) 

155, 810 (13.4) 

- 

 

 

- 

 

 

- 

 

 

 

 

<0.00112 

Socioeconomic group n (%) 

1 (lowest SES) 

2 

3 

4 

5 

 

 

45 (20.2) 

48 (21.6) 

42 (18.8) 

44 (19.7) 

44 (19.7) 

 

355, 218 (30.6) 

219, 289 (18.8) 

251, 351 (21.6) 

193, 155 (16.6) 

144, 391 (12.4) 

 

 

- 

 

 

- 

 

 

 

 

 

<0.00113 

Living situation n (%) 

Partner/spouse 

Other 

Nobody 

 

148 (66.7) 

  30 (13.5) 

  44 (19.8) 

 

 

- 

 

 

- 

 

 

- 

 

 

- 

Gross yearly income n (%) 

<$50 000 

$50 001 - $100 000 

>$100 001 

 

69 (36.1) 

58 (30.4) 

64 (33.5) 

 

 

- 

 

 

- 

 

 

- 

 

 

- 

Social class n (%) 

Upper/Middle 

Working 

 

139 (79.0) 

  37 (21.0) 

 

- 

 

- 

 

- 

 

- 

Language n (%) 

English speaking background 

Main language at home 

 

212 (94.2)  

210 (93.3) 

 

- 

 

- 

 

- 

 

- 

SES = Socioeconomic status; LWD = Living with Diabetes; MILES-2 =  Management and Impact for Long-term 

Empowerment and Success; - = data not available; 1 = data includes all Australians, both with/without diabetes; 2 = 

data includes Australian adults aged >18 years that had type 1 (4.8%) and type 2 diabetes (95.2%); 3 = data includes 

Australians with type 2 diabetes only; 4 = Sex distribution representative with National cohort; 5 = Sex distribution 

representative with LWD cohort; 6 =  Sex distribution representative with MILES-2 cohort; 7 = Age distribution not 

representative with National cohort; 8 = Highest education level not representative with LWD cohort; 9 = Highest 

education level representative with MILES-2 cohort; 10 =ATSI status representative with LWD cohort; 11 = ATSI 

status representative with MILES-2 cohort; 12  = Remoteness not representative with National cohort;  
13 = Socioeconomic group not representative with National cohort. Statistics: Chi-squared test. 
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A national map that outlines the proportion of participants in the 3D sample from each 

Australian state compared to 2019 Diabetes Australia data of people with T2DM is 

provided in Figure 6.2 (225). The 3D participant distribution differed from the Diabetes 

Australia database of all people with diabetes (p<0.001). Upon visual inspection, the 3D 

study had a higher proportion of participants from Queensland (33.0% vs 19.1%), and 

lower from New South Wales (19.6% vs 32.3%) than the Diabetes Australia data.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.2 Proportion of participants in the 3D sample from each Australian state 

compared to 2019 Diabetes Australian data of people with T2DM 

 

Table 6.2 describes the health characteristics of the 3D sample at baseline. The mean time 

from diagnosis to baseline data collection was 114.5 + 41.1 days (approximately 3.8 

months). The majority of 3D participants had a BMI in the obese range (59.4%) which 

was consistent with the MILES-2 cohort (p=0.179), but not the LWD (p=0.017). More 

than 90% of participants had a waist circumference higher than the national sex-specific 

recommendations (224). The highest proportion of 3D participants had a low K10 score 

(51.6%), a moderate physical activity level (54.2%) and had never smoked (61.3%). 

 

 

NSW 

3D: 19.6% 

Diabetes Aus: 32.3%  

 

QLD 

3D: 33.0% 

Diabetes Aus: 19.1% 

 

NT 

3D: 0.9% 

Diabetes Aus: 1.2% 

 

WA 

3D: 7.1% 

Diabetes Aus: 10.0% 

 
SA 

3D: 8.0% 

Diabetes Aus: 8.4% 

 

ACT 

3D: 2.7% 

Diabetes Aus: 1.3% 
VIC 

3D: 26.8% 

Diabetes Aus: 25.6% 

 TAS 

3D: 1.8% 

Diabetes Aus: 2.2%  
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Table 6.2 Comparison of the baseline health characteristics of 3D study participants against other Australian 

cohorts 

 

Health characteristic 

3D cohort 

n=225  

(100.0%) 

LWD cohort 

n=3,951  

(100.0%)1 

MILES-2 cohort  

n=1,264  

(54.0%)2 

P value 

Mean + SD time since 

diagnosis (days) 

 

114.5 + 41.1 

 

13 140 + unknown 

 

4, 015 + unknown 

 

- 

Using diabetic medication 

n (%) 

Yes  

No  

 

 

145 (64.7) 

 79 (35.3) 

 

 

- 

 

 

 

1088 (86.1) 

  176 (13.9) 

 

 

 

<0.0013 

BMI class n (%) 

Healthy 

Overweight  

Obese 

 

  29 (13.1) 

  61 (27.5) 

132 (59.4) 

 

(16.9) 

(33.3) 

(49.7) 

 

- 

(32.0) 

(53.0) 

 

 

0.0174 

0.1795  

Mean + SD BMI (kg/m2) 

Males 

Females  

Males and females 

 

32.6 + 6.9 

30.9 + 7.4 

31.7 + 7.2 

 

- 

- 

31.1 + 6.9 

 

- 

- 

32.8 + 6.4 

 

 

- 

Waist circumference n (%) 

Meets recommendations 

Exceeds recommendations 

 

20 (9.9) 

183 (90.1) 

 

- 

 

 

- 

 

 

- 

 

Mean + SD waist 

circumference (cm) 

Males  

Females  

Males and females  

 

 

98.8 + 36.9 

97.9 + 35.2 

98.4 + 36.1 

 

 

 

- 

 

 

 

- 

 

 

 

- 

Mean + SD weight (kg) 

Males 

Females  

Males and females 

 

96.1 + 19.2 

87.0 + 19.3 

92.8 + 19.8 

 

- 

 

- 

 

- 

Mean + SD height (m) 

Males 

Females  

Males and females 

 

1.7 + 0.1 

1.6 + 0.1 

1.7 + 0.1 

 

 

- 

 

 

- 

 

 

- 

Smoking status n (%) 

Current smoker  

Ex-smoker  

Never smoked 

 

22 (9.8) 

  65 (28.9) 

138 (61.3) 

 

 

- 

 

 

- 

 

 

- 

Diagnosed with pre-

diabetes n (%) 

Yes 

No  

 

 

100 (45.5) 

120 (54.5) 

 

 

- 

 

 

- 

 

 

 

- 

 

IPAQ n (%) 

Low 

Moderate 

High  

 

  78 (34.7) 

122 (54.2) 

  25 (11.1) 

 

 

- 

 

 

- 

 

 

- 

K10 score n (%) 

Low 

Moderate 

High 

Very high  

 

115 (51.6) 

 55 (24.7) 

 30 (13.4) 

 23 (10.3) 

 

 

- 

 

 

- 

 

 

- 

LWD = Living with Diabetes; MILES-2 =  Management and Impact for Long-term Empowerment and Success; IPAQ = 

International Physical Activity Questionnaire; cm = centimetres; kg = kilograms; BMI = Body Mass Index; m = meters; 

K10 = Kessler psychological distress scale; - = data not available; 1 = data includes all Australians, both with and 

without diabetes; 2 = data includes Australian adults aged 18 years and over that had both type 1 (4.8%) and type 2 

diabetes (95.2%); 3 = Diabetic medication use not representative with MILES-2 cohort; 4 =  BMI class not representative 

with LWD cohort; 5 = BMI class representative with MILES-2 cohort.  

Statistics: Chi-squared test. 
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Diet quality 

Table 6.3 shows the diet quality of the 3D sample at baseline. The mean (SD) DASH 

score of the group was 24.4 + 4.7 with no significant difference between males and 

females (p=0.623). Mean energy (kJ) intake per day at baseline was significantly higher 

for males than females (p<0.001). Males had a higher baseline vegetable serve intake 

compared with females (p=0.004), and a higher whole-grain intake (p=0.034). Table 6.4 

describes DASH score changes between baseline and 3-months of the 3D study. Slightly 

less than a third (31%) of participants improved their DASH score to the clinically 

significant outcome of 3 points or greater. 

Table 6.3 Dietary intake characteristics at baseline of 3D study participants  

 

Diet characteristic  

Males 

n=126 (56.0%) 

Females 

n=99 (44.0%) 

Total 

n=225 (100.0%) 

P 

value 

Mean + SD DASH score 

(range) 

24.3 + 4.6  

(12.0-36.0) 

24.6 + 4.7  

(14.0-37.0) 

24.4 + 4.7  

(12.0-37.0) 

 

0.623 

Food group serves/d (range)1     

Fruit 0.8 (0.0-5.7) 0.7 (0.0-3.7) 0.8 (0.0-5.7) 0.601 

Vegetables 4.1 (0.0-11.6) 3.2 (0.0-13.3) 3.7 (0.0-13.3) 0.004 

Nuts and legumes 0.6 (0.0-5.9) 0.5 (0.0-4.3) 0.5 (0.0-5.9) 0.831 

Whole-grains  2.4 (0.0-10.0) 1.7 (0.0-6.2) 2.1 (0.0-10.0) 0.034 

Low-fat dairy  0.4 (0.0-3.9) 0.4 (0.0-4.0) 0.4 (0.0-4.0) 0.558 

Sodium (mg/d) 2377.3  

(298.7-8854.2) 

2069.9  

(545.5-7435.7) 

2242.0  

(298.7-8854.2) 

0.070 

Red/processed meats  1.2 (0.0-7.1) 1.1 (0.0-5.7) 1.1 (0.0-7.1) 0.882 

SSBs 0.1 (0.0-1.8) 0.0 (0.0-1.6) 0.1 (0.0-1.8) 0.084 

% recommendations met2 

Fruit serves/d 

Vegetable serves/d 

 

- 

- 

 

- 

- 

 

17.8 

31.6 

 

- 

- 

Mean + SD energy intake 

(KJ/d) 

7809.1 + 2796.5 6233.2 + 1871.5 7115.7 + 2551.7 <0.001 

Energy intake range (KJ/d) 1803.9 – 16285.3 2685.1 – 11354.8 1803.9 – 16285.3  

SSBs = sugar-sweetened beverages; KJ/d = kilojoules per day; serves/d = serves per day; DASH = Dietary 

Approaches to Stop Hypertension; mg/d = milligrams per day; 1 = Data shown in lowest – highest range; 2 = Based 

on Australian Guide to Healthy Eating recommendations (outlined in Appendix F). Statistics: Kruskal Wallis test. 
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There were no significant differences in baseline demographic characteristics (including 

sex, age, education level, living situation, income, social class, remoteness and socio-

economic group) between participants who improved their diet quality and those who did 

not, as shown in Table 6.5. Table 6.6 outlines the differences in baseline health 

characteristics between the two groups. There was a significant difference between the 

two groups for physical activity levels (p=0.028) and smoking status (p=0.018). 

Participants who made early improvements to diet quality reported higher levels of 

physical activity at baseline (19.7% vs 7.1%), were less likely to be ‘current’ smokers 

(6.6% vs 12.0%) and more likely to be ex-smokers (45.9% vs 26.1%) compared with 

those that did improve their diet quality. While there was no difference in BMI category, 

there was an overall difference in mean BMI (p=0.045). A further gender stratified 

analysis showed that the significant effect was only for the male participants (p=0.048). 

No other differences in health characteristics were found between the groups.  

 

 

 

 

Table 6.5 Baseline diet characteristics according to DASH score change by 3-months 

                             DASH change group  

 

Diet characteristic 

‘Improvers’ 

n=61 (30.1%) 

‘Maintainers’ 

n=142 (69.9%) 

P 

value 

Mean + SD DASH 

score (range) 

Males  

Females  

Males and females 

 

 

21.4 + 5.2 (12.0 – 33.0) 

20.7 + 3.9 (14.0 – 28.0) 

21.1 + 4.7 (12.0 – 33.0) 

 

 

25.1 + 4.0 (16.0 – 37.0) 

25.8 + 4.1 (17.0 – 37.0) 

25.4 + 4.0 (16.0 – 37.0) 

 

 

<0.001 

<0.001 

<0.001 

Mean + SD (serves/d) 

food groups (range) 

   

Fruit 0.4 + 0.7 (0-4.1) 0.9 + 1.0 (0.0 - 4.1) <0.001 

Vegetables  3.1 + 2.4 (0.0 - 11.6) 3.9 + 2.6 (0.0 - 13.3) 0.026 

Nuts and legumes  0.7 + 1.7 (0.0 - 10.4) 0.5 + 0.8 (0.0 - 4.25) 0.037 

Whole-grains  1.7 + 1.8 (0.0 - 7.7) 2.3 + 2.0 (0.0 - 9.5) 0.016 

Low-fat dairy  0.2 + 0.5 (0.0 - 2.8) 0.5 + 0.8 (0.0 – 4.0) 0.003 

Sodium 2317.8 + 1173.9  

(545.5 - 5305.8) 

2279.1 + 1323.6  

(298.7 - 8854.2) 

0.638 

Red/processed meats  

SSBs 

1.4 + 1.5 (0.0 - 7.1)  

0.2 + 0.4 (0.0 - 1.8) 

1.0 + 1.4 (0.0 - 6.4)  

0.0 + 0.2 (0.0 - 1.2) 

0.033 

<0.001 
DASH = Dietary Approaches to Stop Hypertension; serves/d = serves per day; SSBs = sugar 

sweetened beverages. 

Statistics: Kruskal Wallis test for continuous variables. 
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Table 6.6 Demographic characteristics according to DASH score change by 3-months 

                                                      DASH change group 

 

Demographic 

characteristic 

‘Improvers’ 

n=61 

(30.1%) 

‘Maintainers’ 
n=142  

(69.9%) 

Total 

n=203 

(100.0%) 

P 

value 

Sex n (%) 

Male 

Female 

 

36 (59.0) 

25 (41.0) 

 

77 (54.2) 

65 (45.8) 

 

126 (56.0) 

  99 (44.0) 

 

 

0.529  

Age n (%) 

<55 years 

55-65 years 

>65 years 

 

20 (32.8) 

20 (32.8) 

21 (34.4) 

 

45 (31.7) 

54 (38.0) 

43 (30.3) 

 

65 (32.0) 

74 (36.5) 

64 (31.5) 

 

 

 

0.752 

Mean + SD age (years)  59.0 + 10.3 59.0 + 10.3 - 0.628 

Highest education n 

(%) 

Higher education degree 

Diploma/certificate  

No post-school education 

 

 

25 (41.7) 

18 (30.0) 

17 (28.3) 

 

 

45 (32.1) 

56 (40.0) 

39 (27.9) 

 

 

70 (35.0) 

74 (37.0) 

56 (28.0) 

 

 

 

 

0.328 

Living situation n (%) 

Partner/spouse 

Other 

Nobody 

 

41 (68.3) 

 7 (11.7) 

12 (20.0) 

 

95 (67.9) 

17 (12.1) 

28 (20.0) 

 

136 (68.0) 

 24 (12.0) 

 40 (20.0) 

 

 

 

0.995 

Gross yearly income n 

(%) 

<$50 000 

$50 001 - $100 000 

>$100 001 

 

17 (34.7) 

17 (34.7) 

15 (30.6) 

 

44 (35.5) 

37 (29.8) 

43 (34.7) 

 

61 (35.3) 

54 (31.2) 

58 (33.5) 

 

 

 

0.801 

Social class n (%) 

Upper/Middle 

Working 

 

42 (84.0) 

8 (16.0) 

 

83 (76.9) 

25 (23.1) 

 

125 (79.1) 

  33 (20.9) 

 

 

0.304 

Remoteness n (%) 

Major city 

Inner regional                                                                                             

Outer regional 

Remote/very remote 

 

45 (73.8) 

10 (16.4) 

5 (8.2) 

1 (1.6) 

 

106 (74.6) 

  21 (14.8) 

11 (7.8) 

  4 (2.8) 

 

151 (74.4) 

  31 (15.3) 

16 (7.8) 

  5 (2.5) 

 

 

 

 

0.955 

Socioeconomic group n 

(%) 

1 (lowest SES) 

2 

3 

4 

5 

 

 

16 (26.2) 

14 (23.0) 

 8 (13.1) 

12 (19.7) 

11 (18.0) 

 

 

24 (17.0) 

31 (22.0) 

28 (19.8) 

29 (20.6) 

29 (20.6) 

 

 

40 (19.7) 

45 (22.2) 

36 (17.7) 

41 (20.2) 

41 (20.2) 

 

 

 

 

 

 

0.544 
DASH = Dietary Approaches to Stop Hypertension; SES = socio-economic status 

Statistics: Chi-squared test or Fisher’s Exact test for categorical and Kruskal Wallis test for 

continuous variables 
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Table 6.7 Baseline health characteristics according to DASH score change by 3-months  

                                                   DASH change group   

 

Health characteristic 

‘Improvers’ 

n=61  

(30.1%) 

‘Maintainers’ 
n=142  

(69.9%) 

Total 

n=203 

(100.0%) 

P value 

Smoking status  

n (%) 

Smoker 

Ex-smoker 

Never smoked 

 

 

4 (6.6) 

28 (45.9) 

29 (47.5) 

 

 

17 (12.0) 

37 (26.1) 

88 (62.0) 

 

 

   21 (10.3) 

  65 (32.0) 

117 (57.7) 

 

 

 

 

0.018 

Diagnosed with pre-

diabetes n (%) 

Yes 

No  

 

 

29 (49.2) 

30 (50.8) 

 

 

61 (43.9) 

78 (56.1) 

 

 

  90 (45.4) 

108 (54.6) 

 

 

 

0.496 

Using diabetic 

medication n (%) 

Yes  

No  

 

 

45 (73.8) 

16 (26.2) 

 

 

86 (60.6) 

56 (39.4) 

 

 

131 (64.5) 

  72 (35.5) 

 

 

 

0.071 

IPAQ n (%) 

Low 

Moderate 

High  

 

18 (29.5) 

31 (50.8) 

12 (19.7) 

 

52 (36.6) 

80 (56.3) 

10 (7.1) 

 

70 (34.5) 

111 (54.7) 

22 (10.8) 

 

 

 

0.028 

K10 score n (%) 

Low 

Moderate 

High 

Very high  

 

35 (57.4) 

15 (24.6) 

5 (8.2) 

 6 (9.8) 

 

67 (47.9) 

38 (27.1) 

20 (14.3) 

15 (10.7) 

 

102 (50.7) 

  53 (26.5) 

  25 (12.4) 

21 (10.4) 

 

 

 

 

0.540 

BMI class n (%) 

Healthy 

Overweight  

Obese 

 

11 (18.0) 

19 (31.2) 

31 (50.8) 

 

17 (12.1) 

37 (26.2) 

87 (61.7) 

 

   28 (13.9) 

  56 (27.7) 

118 (58.4) 

 

 

 

0.312 

Mean + SD BMI 

(kg/m2) 

Males  

Females  

Males and females 

 

 

29.5 + 5.3 

32.1 + 6.7 

30.5 + 6.0 

 

 

32.0 + 6.5  

33.1 + 6.9 

32.5 + 6.7 

 

 

 

- 

 

 

0.048 

0.481 

0.045 

Mean + SD waist 

circumference (cm) 

 Male 

Female 

Males and females 

 

 

106.8 + 12.5 

105.8 + 17.4  

106.4 + 14.6 

 

 

111.4 + 15.9 

108.3 + 17.9 

110.0 + 16.9 

 

 

- 

 

 

0.207 

0.504 

0.160 

Waist circumference  

n (%) 

Meets recs 

Exceeds recs 

 

 

7 (13.0) 

47 (87.0) 

 

 

11 (8.3) 

121 (91.7) 

 

 

 

- 

 

 

 

0.332 
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 DASH change group   

 

Health characteristic 

‘Improvers’ 

n=61  

(30.1%) 

‘Maintainers’ 
n=142  

(69.9%) 

Total 

n=203 

(100.0%) 

P value 

Mean + SD weight 

(kg) 

Males  

Females  

Males and females  

 

 

91.1 + 18.0 

84.1 + 20.8 

88.2 + 19.3 

 

 

99.1 + 21.7 

88.4 + 19.5 

94.3 + 21.3 

 

 

 

- 

 

 

0.077 

0.273 

0.070 

Mean + SD energy 

intake (KJ/d) (range) 

Males  

 

Females  

 

Males and females 

 

 

8374.7 + 3251.8 

(1886.7-16285.3) 

 6082.7 + 1909.3 

(3335.5-11354.8) 

7435.4 + 2986.4 

(1886.7-16285.3) 

 

 

7664.0 + 2640.0 

(1803.9-13289.7) 

6303.8 + 1809.6 

(2929.1-10536.4) 

7041.4 + 2388.7 

(1803.9-13289.7) 

 

 

 

 

 

 

- 

 

 

 

0.358 

 

0.457 

 

0.600 

DASH = Dietary Approaches to Stop Hypertension; IPAQ = International Physical Activity 

Questionnaire; BMI = Body Mass Index; cm = centimetres; m = meter; kg = kilogram; KJ = kilojoule; 

d = day; serves/d = serves per day; SSBs = sugar sweetened beverages. 

Statistics: Chi-squared test or Fisher’s exact test for categorical and Kruskal Wallis test for continuous 

variables 
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 6.5 Discussion 

To our knowledge, this is the first study to examine how diet quality changes over time 

immediately following T2DM diagnosis. Given the evidence that early tight glycaemic 

control is associated with better health outcomes, the findings of the 3D case series study 

provides an understanding of the nature of dietary change and the factors associated with 

these changes. Demographic characteristics were not associated with diet quality changes 

after diagnosis. Those who made diet quality improvements in our study period tended to 

have lower diet quality, did not currently smoke, had a lower BMI and higher physical 

activity levels at baseline. 

Diet quality is an important component of T2DM management, particularly when newly 

diagnosed as outlined in practice guidelines (11, 35). Dietary modification strategies 

aimed at improving body weight and/or diet quality can contribute to improvements in 

glycaemic control, blood pressure, weight and lipid levels in people with T2DM (47). 

Meaningful diet quality change only occurred in about one third of the study sample 

during the observation period of this study. It is possible that individuals who did not 

make meaningful diet quality change during this period previously made changes when 

diagnosed with pre-diabetes. However, another analysis of the 3D study sample showed 

there were no differences in diet quality at baseline between those diagnosed with pre-

diabetes and those who had not received a pre-diabetes diagnosis (226). Another 

possibility is that some participants made changes immediately after receiving a diagnosis 

but before completing the baseline survey of the 3D study. The fact that those who did 

not improve started the study with a higher DASH score supports this supposition. 

Diet quality has been shown to be inversely associated with rates of obesity (227-229). 

In the present study, men who did not improve their diet quality by 3-months had a 

significantly higher baseline BMI than men who improved their diet quality (p = 0.048). 

This finding is consistent with cross-sectional data from 2018 that found an inverse 

association between diet quality (measured by DASH score) and obesity in 211 Chinese 

adults (54.5% male) with T2DM (228). Similarly, a 2013 cross-sectional study of 99 

adults (27.3% male) with T2DM in the US found that individuals who were of normal 

weight or overweight, had a significantly higher diet quality (measured by HEI score) 

than those who were obese (91).  
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The present study has advanced upon these cross-sectional studies by investigating 

changes in diet quality over time, suggesting that male patients who have a higher BMI 

at diagnosis may find dietary change more difficult than those who start off with lower 

mean BMI. Those men with higher BMI at diagnosis may require additional support to 

improve their diet quality after being diagnosed with T2DM. It is interesting that this 

relationship was not observed with women, that is, their change in diet quality was 

independent of baseline BMI. 

Physical activity levels are a critical focus for glycaemic management and overall health 

of people with T2DM (230). The present study found that participants who improved 

their diet quality by 3-months had higher overall activity levels at baseline than those who 

did not improve their diet quality (p=0.028). A 2012 cross-sectional study of 868 US 

adults with and without T2DM found diet quality (measured by the HEI score) to be 

inversely associated with physical activity levels (93). Similarly, a 2009 study with 390 

young adults (<20 years of age) with T2DM found higher diet quality was to be associated 

with higher physical activity levels (231). T2DM behaviour modification interventions 

that focus on improving diet quality and physical activity in combination early after 

diagnosis need to be developed and tested. 

Smoking is considered to be an important risk factor for arterial hypertension and diabetes 

management (232). In the current study, those who did not improve their diet quality by 

3-months were more likely to be current smokers than those who did improve their diet 

quality (p=0.018). Similarly, a 2019 cross-sectional study of 229 people diagnosed with 

T2DM in Brazil found that those with a lower diet quality (measured by the HEI score) 

were more likely to be current smokers than those with a higher diet quality (15). These 

results suggest that individuals newly diagnosed with T2DM who smoke may need extra 

support from healthcare professionals during patient education to improve diet quality. 

This study found no demographic differences between those who improved their diet 

quality and those who did not. This may suggest demographic factors play no part in 

determining whether or not those newly diagnosed with T2DM make early improvements 

to their diet quality, or there may be other factors that play a significantly larger role (e.g. 

BMI). 
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This study has some notable strengths and limitations. The biggest strength is that diet 

quality is tracked over time. A strength of the study sample is that the sample is broadly 

representative of the Australian population with T2DM. The relatively low response rate 

obtained may have introduced non-response bias into the results, meaning they may not 

be indicative of the overall study population. However, it is important to note that the 

recruitment method was chosen for the ability to potentially reach a comprehensive 

national sample of people newly diagnosed with T2DM. Email recruitment was used by 

Diabetes Australia for the first time in this study, thus the recruitment rate can only be 

estimated as it is unknown how many of the 14,108 people actually received and read the 

recruitment email sent. The figure of 2.9% as a response rate is therefore a minimum. 

Even though we sought to recruit as soon as people were diagnosed, there was a lag time 

between diagnosis and referral to Diabetes Australia and then the research team to 

interview, resulting in a mean of 114 days from diagnosis to baseline survey. 

Unfortunately, people of Aboriginal and Torres Strait Islander descent were under-

represented in our sample, as were people whose main language was not English. Dietary 

data were analysed using the DASH scoring system which is highly correlated with 

diabetes outcomes but does not describe detailed food patterns. People may have the same 

score but a different distribution of contributing components due to variance in food 

patterns (233). Further, the use of a single 24-h dietary recall at each data collection point 

cannot account for day-to-day variations in participant’s dietary intake (234). Multiple 

rounds of self-reported dietary intake data, physical activity data and physical 

measurements may have induced social desirability responses. 

This paper explored initial changes in diet quality and the 3D study intends to investigate 

the outcomes associated with long-term improvements in diet quality. People newly 

diagnosed with T2DM may require more support to improve their diet quality after 

diagnosis, especially current smokers. People in the 3D study who made early 

improvements to diet quality started with lower diet quality, higher rates of ex-smoking, 

higher physical activity levels and for males, a lower BMI. Future research should 

investigate how the diet quality changes people make around the time of diagnosis are 

related to long-term health outcomes. 
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Chapter 7. Phase 3 – part two 
 

Paper 4 - What happens to diet quality in people newly diagnosed with type 2 

diabetes in the Australian health system? The 3D case-series study. 

 

Reader’s note: This chapter encompasses a co-authored paper. The bibliographic details 

of the co-authored paper, including all authors, are: 

Burch E, Williams LT, Thalib L, Ball L. What happens to diet quality in people newly 

diagnosed with type 2 diabetes in the Australian health system? The 3D case-series study. 

Public Health Nutrition [under review – submitted December 2020]. 
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 7.1 Abstract  

Aim: To describe how diet quality of individuals newly diagnosed with T2DM changed 

over a 12-month period and to identify factors associated with diet quality changes.  

 

Methods: Adults newly diagnosed with T2DM (n=225) were recruited into the “3D 

study”. Demographic, physical and health characteristics and dietary intake data were 

collected in five telephone interviews over 12-months. Diet quality was assessed using 

the DASH scoring tool. To assess changes in DASH, energy, fruit and vegetable intake 

over time, repeated measure analyses of variance were used. Multivariate repeated 

measures models were used to investigate whether these dietary changes were associated 

with characteristics.  

 

Results: Group diet quality remained stable with a mean DASH score of approximately 

24.0 across the 12-months. Very few participants (6.8%) improved consistently across 

the study period.  No associations between DASH, energy, fruit or vegetable intake over 

time and characteristics were observed.  

 

Conclusions: This observational study suggests that without dedicated interventions, 

most people newly diagnosed with T2DM when left to their own devices (the natural 

course) will not achieve diet quality change. The development of cost‐effective 

interventions to achieve sustained diet quality change early after diagnosis are warranted.  

 

  7.2 Introduction  

Diabetes is a global health epidemic (1). In 2019, an estimated 463 million adults were 

living with diabetes and the prevalence is expected to rise to 700 million by 2045 (1). 

Diabetes-related complications such as CVD, neuropathy and nephropathy place 

significant burden on individuals and health systems (1). It is therefore important to 

identify strategies to prevent the progression of diabetes-related complications. 

 

Diet quality plays a key role in determining health outcomes for those with type 2 diabetes 

(T2DM) (13, 14). Diets rich in whole-grains, fruits, vegetables, legumes and nuts and low  

in alcohol, refined grains, red or processed meats and sugar-sweetened beverages have  

been shown to improve glycaemic control in people with T2DM (12). The DASH diet 
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has been shown to positively impact glycaemic control, weight and cardiometabolic risks 

in those with T2DM (235). As a result, the DASH diet is internationally advocated in 

diabetes management guidelines (53). Diet quality indices such as the DASH score 

provide a measure of overall diet quality (217). High diet quality is associated with a 

substantially lower risk of CVD incidence or mortality in those with T2DM 

(13). Improvements in diet quality have also been shown to improve glycaemic control 

via positive impacts on weight control (217). Changes to diet quality are recognised to 

have greater benefit the sooner they are made after T2DM diagnosis (35). Therefore, the 

period immediately after diagnosis is an important point in determining disease outcomes.  

 

Cross-sectional research has assessed the diet quality of people with T2DM at single 

points in time, however, a recent review by the authors found that the cross-sectional 

studies failed to control for length of time with diabetes among participants (163). The 

review revealed the limited nature of this cross-sectional body of evidence with no ability 

to examine the influence of time on diet quality (236). Longitudinal data are required to 

understand how diet quality changes after diagnosis to inform how care can be tailored 

and to identify groups that would benefit from additional support early after diagnosis. 

Understanding predictors of change in diet quality will help inform future research and 

targeted nutrition interventions.  

 

This paper presents data from the observational case-series study “How does Diet change 

with a Diagnosis of Diabetes – The 3D study” (218). Previous research that investigated 

diet quality changes in this Australian sample in the 3-months following T2DM diagnosis 

found those who made early diet quality improvements tended to have lower diet quality, 

did not currently smoke, had a lower BMI and higher physical activity levels at baseline 

(237). The current paper aims to describe how the diet quality of individuals newly 

diagnosed with T2DM changed over a 12-month period and to identify factors associated 

with diet quality changes. 

 

 7.3 Methods  

The 3D study design 

This research uses data collected in the 3D study, the methods for which have been 

described elsewhere (218). Briefly, 14 108 adults aged 18 years or older who had been  
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recently diagnosed with T2DM (<6 months prior to recruitment contact) and were 

registered with the Australian National Diabetes Service Scheme were sent an email 

invitation to participate in May 2018. A detailed outline of participant recruitment and 

retention is provided in Figure 7.1. The study protocol consisted of five telephone 

interviews over 12 months at 3-monthly intervals; baseline, 3, 6, 9 and 12 months. 

Dietary, demographic, physical and health characteristics were collected by trained 

interviewers with expertise in dietetics.  
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Demographic, physical and health characteristics   

Demographic, physical and health characteristics were recorded by the interviewer into 

the online LimeSurvey management system www.limesurvey.org. Response options 

were consistent with categories used in the Australian national census where available. 

Demographic data were collected at baseline only and included; age, gender, highest 

education level, indigenous status, living arrangement, self-selected social class and 

household income. Participants were allocated an ARIA score which separates 

Australians into five classes of remoteness on the basis of a measure of relative access to 

services (219). Participants were categorised into SEIFA quintiles based on their 

postcode, which indicates the socio-economic advantage/disadvantage of areas (220). 

 

Physical and health characteristics  

Self-reported physical and health characteristics were collected at each of the five data 

collection points and included: smoking status, diabetes medication use, waist 

circumference (participants were posted a measuring tape for this purpose) and weight. 

Height was collected at baseline only. Categorisation for BMI and sex-specific 

recommendations for waist circumference were based on the WHO guidelines (224). 

Physical activity levels were obtained via the IPAQ-SF (205). Mental health status was 

evaluated using the K10 questionnaire at baseline, 6 and 12-months only (210).  

 

Assessment of dietary intake 

The Australian version of the ASA-24 was used to assess dietary intake (187). The ASA-

24 is a 24-hour dietary recall that automatically codes food data (187). It is modelled upon 

the United States Department of Agriculture AMPM, the recall method used in the 

National Health and Nutrition Examination Survey (188). The AMPM uses five steps to 

enhance the accuracy of recalls including: a quick list, forgotten foods, time and occasion, 

detail and final review. This approach has been shown to reduce bias in estimating dietary 

intake (188, 238, 239). The ASA-24 is designed to be self-administered, but the 3D study 

used an interviewer-administered method to overcome any technology limitations of 

participants. ASA-24 data on each participant was sent to the research team who entered 

the foods and beverages consumed into FoodWorks (version 9), a dietary analysis 

software program that relies on the Australian government food database AUSTNUT 

2011-13. 
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Diet quality (DASH score) 

DASH was chosen as the dietary pattern used to assess diet quality given the recognised 

impact of the DASH diet on diabetes-related health outcomes (235). A DASH score for 

each participant was calculated using the standardised scoring tool created by Fung et al 

(185). Results from FoodWorks were used to calculate daily serves of seven dietary 

components; fruits, vegetables, nuts and legumes, whole-grains, low-fat dairy, red and 

processed meats, added sugar, and sodium were determined at each of the five data 

collection points and scored according to intake ranking (185). Higher intakes of fruits, 

vegetables, low-fat dairy, whole-grains, and nuts and legumes received higher scores and 

higher intakes of sodium, red and processed meats and sugar-sweetened beverages 

received lower scores as they are less desirable (185).  The lowest quintile of intake of 

less-desirable foods was given a score of 5 points and the highest quintile of intake was 

given a score of 1 point (185). In contrast, the lowest quintile of intake of desirable foods 

was given a score of 1 point and the highest quintile of intake was given a score of 5 

points (185). The component scores were then summed to give an overall DASH score 

between 8-40 points, with 40 representing optimal adherence to the DASH dietary pattern 

(185). Data regarding intake of total energy, and fruit and vegetable daily servings were 

analysed separately as individual variables.  

 

Change in DASH score from baseline to 3-months was used to categorise participants as 

‘Diet quality improvers’ or ‘Diet quality maintainers’. ‘Diet quality improvers’ were 

those who improved their DASH score by at least 3 DASH points and ‘Diet quality 

maintainers’ were those who maintained their DASH score, improved by 1-2 DASH 

points or decreased their DASH score by any amount (237). The 3 DASH point cut off 

was chosen based on findings from a previous 20-year longitudinal study of over 40,000 

adults, where a change in score of approximately 3 points or more was sufficient to 

significantly influence long-term glycaemic control (186). 

 

Diet quality change over 12 months 

Continuing from the 3-month categorisation, participants were further sorted into four 

groups based on common patterns of diet quality change between 3-12 months (outlined 

in Figure 7.2). Group 1: those who improved by 3-months and continued to improve 

(increased DASH score by 3 points or more) to 12-months (labelled ‘II’); Group 2: those  
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Statistical analysis   

Statistical analyses were conducted using STATA, version IC 15.1 (StataCorp., College 

Station, TX, USA). Normality of continuous variables was assessed by inspecting 

histograms. In accordance with the method used for excluding records with implausible 

energy intakes in the Nurses’ Health Study (240), data from participants were excluded 

if estimated mean daily energy intakes were <500 or >5000 kcal/d. The upper limit was 

extended in consideration for the age and sex characteristics of the 3D study sample (241). 

To assess changes in DASH, energy, fruit and vegetable intake over time by age and 

gender, ANOVA were used. Multivariate repeated measure models were then used to 

investigate whether DASH, energy, fruit and vegetable intake changes were associated 

with demographic, health or physical characteristics. Intention-to-treat (ITT) analysis of 

the outcome variables using the last observation carried forward method to impute values 

for missing data were also conducted. 

 

  7.4 Results  

Participant characteristics  

From 415 respondents, 225 (56% male) met the inclusion criteria and completed all 

aspects of baseline data collection. The retention rates for 3, 6, 9 and 12-months were 

90.2%, 82.2%, 72.0% and 67.1% respectively (excluding n=1 participant who had died 

at 6-months). Baseline characteristics of the 3D sample have been described in detail 

elsewhere (237). Table 7.1 compares the demographic characteristics for those who 

remained in the study to 12-months and those who withdrew before 12-months. Those 

who withdrew from the study were more likely to live in remote/very remote areas 

(p=0.006) and to live alone than those who remained in the study until it ended (p=0.013). 

Table 7.2 describes the baseline physical and health characteristic differences between 

the two groups. The only difference between the two groups was BMI, as those who 

withdrew from the study were more likely to have a higher mean BMI (32.6 kg/m2 vs 

31.3 kg/m2, p=0.031) and to be in the obese BMI category as opposed to the healthy or 

overweight categories at baseline (p=0.017) compared to those who remained in the study 

until 12-months. 
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Table 7.1 Differences in baseline demographic characteristics between participants at 12-months and 

participants who withdrew before 12-months 

 

Demographic characteristic 

Participants at 12-

months  

n=151 (67.1%) 

Withdrew before 

12-months 

n=74 (32.9%) 

Total 

n=225 

(100.0%) 

P value 

Sex n (%) 

Male  

Female 

 

86 (56.9) 

65 (43.1) 

 

40 (54.1) 

34 (45.9) 

 

126 (56.0) 

  99 (44.0) 

 

 

0.681 

Age n (%) 

<55 years 

 55-65 years 

 >65 years 

 

50 (33.1) 

48 (31.8) 

53 (35.1) 

 

26 (35.1) 

 26 (35.1) 

 22 (29.7) 

 

76 (33.8) 

74 (32.9) 

75 (33.3) 

 

 

 

0.719 

Mean (SD) age (years) 59.2 (0.6) 57.2 (11.7) - 0.309 

Highest education n (%) 

Higher education degree 

Diploma or certificate  

No post-school education 

 

31 (42.5) 

23 (31.5) 

19 (26.0) 

 

31 (42.5)  

 23 (31.5) 

 19 (26.0) 

 

82 (36.9) 

80 (36.1) 

60 (27.0) 

 

 

 

0.459 

Indigenous Australian n (%) 

Aboriginal or Torres Strait 

Islander  

None 

 

  1 (0.0) 

 

151 (100.0) 

 

1 (0.0) 

 

  73 (100.0) 

 

  2 (0.0) 

 

224 (100.0) 

 

 

 

0.605 

Remoteness n (%) 

Major city 

Outer regional 

Inner regional 

Remote/very remote 

 

114 (75.5) 

13 (8.6) 

  24 (15.9) 

0 (0.0) 

 

58 (78.4) 

4 (5.4) 

7 (9.5) 

5 (6.8) 

 

172 (76.4) 

17 (7.6) 

  31 (13.8) 

  5 (2.2) 

 

 

 

 

0.006 

Socioeconomic group n (%) 

1 (lowest SES) 

2 

3 

4 

5 

 

29 (19.2) 

31 (20.5) 

25 (16.6) 

33 (21.9) 

33 (21.9) 

 

16 (22.2) 

17 (23.6) 

17 (23.6) 

11 (15.3) 

11 (15.3) 

 

45 (20.2) 

48 (21.6) 

42 (18.8) 

44 (19.7) 

44 (19.7) 

 

 

 

 

 

0.425 

Living situation n (%) 

Partner/spouse 

Other 

Nobody 

 

108 (72.5) 

  14 (9.4) 

  27 (18.1) 

 

40 (54.8) 

 16 (21.9) 

 17 (23.3) 

 

148 (66.7) 

  30 (13.5) 

  44 (19.8) 

 

 

 

0.013 

Gross yearly income n (%) 

<$50 000 

$50 001 - $100 000 

>$100 001 

 

46 (35.6) 

41 (31.8) 

42 (32.6) 

 

23 (37.1) 

17 (27.4) 

22 (35.5) 

 

64 (33.5) 

58 (30.4) 

69 (36.1) 

 

 

 

0.821 

Social class n (%) 

Upper/Middle 

Working 

 

93 (78.1) 

  26 (21.9) 

 

46 (80.7) 

  11 (19.3) 

 

139 (78.9) 

  37 (21.0) 

 

 

0.698 
SD = standard deviation; SES = socio-economic status  

Statistics: Chi-squared test or Fisher’s Exact test for categorical variables. ANOVA or Kruskal Wallis for continuous 

variables. 
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Table 7.2 Differences in baseline physical and health characteristics between participants at 12-months 

and participants who withdrew before 12-months 

 

 

Physical or health 

characteristic 

Participants at 

12-months 

n=151 (67.1%) 

(M=86, F=65) 

Withdrew before 

12-months 

n=74 (32.9%) 

(M=40, F=34) 

Total 

n=225 

(100.0%) 

(M=126, F=99) 

P value 

Mean (SD) time since 

diagnosis (days) 

 

90.9 (38.5) 

 

81.3 (40.9) 

 

-  

 

0.052 

Using diabetic medication n 

(%) 

Yes  

No 

 

 

92 (60.9) 

  59 (39.1) 

 

 

54 (72.9) 

  20 (27.1) 

 

 

146 (64.9) 

  79 (35.1) 

 

 

 

0.075 

BMI class n (%) 

Healthy 

Overweight  

Obese 

 

  25 (16.7) 

  45 (30.0) 

80 (53.3) 

 

4 (5.5) 

  17 (23.3) 

52 (71.2) 

 

 29 (13.0) 

 62 (27.8) 

132 (59.2) 

 

 

 

0.017 

Mean (SD) BMI (kg/m2)  

Males  

Females  

Males and females 

 

30.5 (5.5) 

32.4 (7.5) 

31.3 (6.5) 

 

 31.9 (5.6) 

33.5 (4.9) 

32.6 (5.3) 

 

 

- 

 

0.173 

0.113 

0.031 

Waist circumference n (%) 

Meets recommendations 

Exceeds recommendations  

 

14 (10.1) 

124 (89.9) 

 

  6 (9.2) 

59 (90.8) 

 

20 (9.9) 

183 (90.1) 

 

 

0.838 

Mean (SD) waist 

circumference (cm) 

Males  

Females  

Males and females 

 

 

109.4 (13.7) 

106.4 (18.6) 

108.1 (16.1) 

 

 

109.8 (17.4) 

110.4 (14.3) 

110.1 (16.0) 

 

 

 

- 

 

 

0.918 

0.250 

0.476 

Mean (SD) weight (kg) 

Males  

Females  

Males and females 

 

95.4 (19.7) 

97.2 (18.2) 

91.3 (20.8) 

 

85.9 (21.2) 

89.0 (15.4) 

93.4 (17.4) 

 

 

- 

 

0.535 

0.181 

0.252 

Mean (SD) height (m)  

Males  

Females  

Males and females 

 

1.8 (0.1) 

1.6 (0.1) 

1.7 (0.1) 

 

1.7 (0.2) 

1.6 (0.1) 

1.7 (0.2) 

 

 

-  

 

0.303 

0.906 

0.335 

Smoking status n (%) 

Current smoker  

Ex-smoker  

Never smoked 

 

16 (10.6) 

51 (33.8) 

84 (55.6) 

 

6 (8.1) 

17 (23.0) 

51 (68.9) 

 

22 (9.8) 

  68 (30.2) 

135 (60.0) 

 

 

 

0.158 

Diagnosed with pre-diabetes n 

(%) 

Yes 

No  

 

 

70 (47.3) 

78 (52.7) 

 

 

30 (41.7) 

42 (58.3) 

 

 

100 (45.5) 

120 (54.5) 

 

 

 

1.000 

IPAQ n (%) 

Low 

Moderate 

High  

 

 51 (33.8) 

84 (55.6) 

 16 (10.6) 

 

  27 (36.5) 

38 (51.3) 

  9 (12.2) 

 

  78 (34.7) 

122 (52.2) 

  25 (11.1) 

 

 

 

0.826 

K10 score n (%) 

Low 

Moderate 

High 

Very high  

 

76 (50.7) 

39 (26.0) 

20 (13.3) 

15 (10.0) 

 

39 (53.4) 

16 (21.9) 

10 (13.7)  

8 (11.0) 

 

115 (51.6) 

  55 (24.7) 

  30 (13.4) 

  23 (10.3) 

 

 

 

 

0.929 

Mean (SD) DASH score 

Males  

Females  

Males and females 

 

24.1 (4.9) 

24.5 (4.5) 

24.3 (4.7) 

 

24.9 (4.1) 

24.8 (5.2) 

24.8 (4.6) 

 

 

- 

 

0.402 

0.761 

0.427 
M = Male; F = Female; SD = standard deviation; DASH = Dietary Approaches to Stop Hypertension; K10 = 

Kessler psychological distress scale; IPAQ = International Physical Activity Questionnaire; cm = centimetres; m 

= meters; kg = kilograms; BMI = Body Mass Index. Statistics: Chi-squared test or Fisher’s Exact test for 

categorical variables. ANOVA or Kruskal Wallis for continuous variables. 
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Dietary change over time 

Table 7.3 outlines dietary changes over the 12-month study period. There was no 

significant change in mean DASH scores (24 points p=0.945) or energy intake (p=0.860) 

which both remained stable throughout the study. There was a statistically significant 

difference in mean fruit (p<0.001) and vegetable (p=0.020) intake. There were no 

significant changes in dietary characteristics by gender or age across the 12-months (data 

not shown).   

 

Table 7.3 Dietary characteristics of participants at each time point change of the 3D study 

(mean (SD)) 

 

Variable  

Baseline  

n=225 

3-months  

n=203 

6-months  

n=185 

9-months  

n=162 

12-months 

n=151 

P 

value 

DASH score 24.4 (4.7) 24.0 (4.8) 24.0 (5.1) 23.8 (5.0) 24.0 (4.8) 0.945 

Energy 

intake 

(KJ/day) 

7115.7 

(2551.7) 

7181.9 

(1715.6) 

7308.7 

(3022.6) 

7190.9 

(2593.4) 

7506.7 

(2887.8) 

0.860 

Fruit (s/day) 0.8 (1.1) 1.0 (1.2) 1.3 (1.4) 1.0 (1.1) 1.1 (1.4) <0.001 

Vegetable 

(s/day) 

3.9 (2.7) 3.2 (2.4) 3.4 (2.7) 3.4 (2.8) 4.1 (2.8) 0.020 

SD = standard deviation; DASH = Dietary Approaches to Stop Hypertension; KJ = kilojoules; s = 

serves. Statistics: Repeated measures ANOVA 

 

Table 7.4 describes the dietary characteristics according to the four diet quality change 

groups: II, IM, MI and MM. Only 6.8% of participants belonged to the II group. This 

group started with a baseline DASH score of 19.9 and improved at both time points to a 

mean score of 31.1. Approximately one quarter of participants who initially maintained 

diet quality to 3-months improved by 12-months (24.3%), with an overall mean 

improvement from baseline to 12-months of 1.9 points. Another quarter of the sample 

who initially improved diet quality to 3-months then maintained to 12-months (25.7%) 

with an overall improvement of 1.4 points. The highest proportion of participants (MM) 

(43.2%) were those who did not improve diet quality at either 0-3 months, or 3-12 months, 

and this group actually decreased diet quality by 4 points across the 12-months of the 

study.  
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Physical and health characteristic change over time  

The physical and health characteristics of participants over the 12-month study period are 

presented in Table 7.5. In the completers analysis, the mean weight of the study sample 

declined significantly over time (92.0 (19.7) kg at baseline vs 89.4 (20.6) kg at 12-months, 

p=0.004) as did the mean BMI of the sample (31.7 (6.1) kg/m2 at baseline vs 30.9 (7.0) 

kg/m2 at 12-months, p=0.002). The 6-month data collection point had the highest MET 

minutes per week (p<0.001) and the highest mean number of health professional 

interactions (p=0.006). The mean K10 score of the sample decreased over the 12-month 

study period (17.5 (7.7) at baseline vs. 15.4 (6.2) at 12-months, p<0.001), representing 

worsening mental health. The ITT analysis (shown in Table 7.6) showed the same 

significant findings as the completers analysis aside from waist circumference, for which 

participants significantly declined over time (108.7 (16.0) cms at baseline vs 105.1 (15.3) 

cms at 12-months, p<0.0001. 

Table 7.4 Diet quality change across the 12-month study period according to change group 

(n=148) 

        Mean (SD) DASH score (8-40 points)   

DASH change group 0-months 3-months 6-months 9-months 12-months 

‘II’ n=10 (6.8%) 19.9 (3.9) 24.9 (2.5) 26.0 (2.8) 24.3 (5.1) 31.1 (3.9) 

‘IM’ n=38 (25.7%) 21.2 (4.7)  27.6 (4.9) 23.5 (5.2) 23.0 (5.5) 22.6 (4.5) 

‘MM’ n=64 (43.2%) 26.3 (4.1) 24.2 (4.0) 24.5 (5.2) 24.7 (4.7) 22.3 (4.0) 

‘MI’ n=36 (24.3%) 24.9 (3.2) 20.9 (3.6) 23.8 (4.9) 23.3 (5.2) 26.7 (3.7) 
II = Improvers to Improvers; IM = Improvers to Maintainers; MM = Maintainers to Maintainers; MI = 

Maintainers to Improvers 
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Table 7.5 Investigation into physical and health characteristic change across 12-month study period of the 3D study: completers analysis   

 

 

Physical or health characteristic  

Baseline 

n=225 

(M = 126, F = 99) 

3-months 

n=203 

(M = 113, F = 90) 

6-months  

n=185 

(M = 105, F = 80) 

9-months 

n=162 

(M = 91, F = 71) 

12-months 

n=151 

(M = 86, F = 65) 

P 

value 

Using diabetic medication  

Yes 

No 

 

146 (64.9) 

79 (35.1) 

 

132 (65.0) 

71 (35.0) 

 

116 (63.0) 

68 (37.0) 

 

105 (64.8) 

57 (35.2) 

 

93 (61.6) 

58 (38.4) 

 

 

0.955 

Mean (SD) K10 score  

Male 

Female 

Males and females 

 

16.5 (7.7) 

18.7 (7.6) 

17.5 (7.7) 

 

 

- 

 

 

16.8 (7.1) 

16.6 (7.7) 

17.1 (7.3)  

 

 

- 

  

 

15.4 (5.5) 

15.5 (7.1) 

15.4 (6.2) 

 

 0.033 

 <0.001 

<0.001 

Mean (SD) MET minutes/week 1319.1 (1528.9) 1485.6 (1660.4) 1942.0 (1884.0) 1895.2 (2127.6) 1656.1 (1748.9) <0.001 

BMI class n (%) 

Healthy 

Overweight  

Obese 

 

29 (13.0) 

62 (27.8) 

132 (59.2) 

 

31 (15.7) 

68 (34.3) 

99 (50.0) 

 

28 (15.6) 

64 (35.6) 

88 (48.9) 

 

24 (15.4) 

55 (35.3) 

77 (49.4) 

 

26 (17.8) 

51 (34.9) 

69 (47.3) 

 

 

 

0.474 

Mean (SD) BMI (kg/m2) 

Males  

Females  

Males and females 

 

31.0 (5.5) 

32.7 (6.7) 

31.7 (6.1) 

 

30.7 (6.2) 

31.8 (6.9) 

31.2 (6.5) 

 

30.7 (6.3) 

31.8 (7.4) 

31.2 (6.8) 

 

30.5 (6.2) 

31.9 (7.4) 

31.1 (6.8) 

 

30.0 (6.4) 

32.0 (7.7) 

30.9 (7.0) 

 

 0.033 

 0.021 

 0.002 

Mean (SD) waist circumference (cm) 

Male 

Female 

Males and females 

 

109.5 (14.9) 

107.7 (17.4) 

108.7 (16.0) 

 

107.7 (15.3) 

105.8 (17.3) 

106.9 (16.2) 

 

106.7 (14.2) 

102.4 (16.9) 

104.9 (15.5) 

 

106.7 (15.1) 

102.8 (16.9) 

105.0 (16.0) 

 

105.7 (14.2) 

101.7 (16.4) 

104.0 (15.2) 

 

0.989 

0.056 

0.466 

Waist circumference  

Meets recs 

Exceeds recs  

 

20 (9.9) 

183 (90.1) 

  

21 (11.5) 

161 (88.5) 

 

22 (12.9) 

149 (87.1) 

 

18 (12.2) 

130 (87.8) 

 

22 (15.7) 

118 (84.3) 

 

 

0.591 

Mean (SD) weight (kg) 

Males  

Females  

Males and females  

 

96.0 (19.2) 

87.0 (19.4) 

92.0 (19.7) 

 

94.2 (18.4) 

84.2 (19.1) 

89.9 (19.3) 

 

94.1 (19.1) 

84.2 (20.8) 

89.9 (20.4) 

 

93.8 (18.7) 

84.3 (20.9) 

89.6 (20.2) 

 

93.1 (19.7) 

84.5 (20.8) 

89.4 (20.6) 

 

0.024 

0.028 

0.004 
M = Male; F = Female; K10 = Kessler psychological distress scale; IPAQ = International Physical Activity Questionnaire; cm = centimetres; m = meters; kg = 

kilograms; BMI = Body Mass Index; MET = Metabolic Equivalent Minutes. 

Statistics: Chi-squared test or Fisher’s Exact test for categorical variables. Repeated measures ANOVA for continuous variables.  
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Table 7.6 Investigation into physical and health characteristic change across 12-month study period of the 3D study: ITT analysis   

   

 

 

Physical or health characteristic  

Baseline 

n=225 

(M = 126, F = 99) 

3-months 

n=225 

(M = 126, F = 99) 

6-months  

n=225 

(M = 126, F = 99) 

9-months 

n=225 

(M = 126, F = 99) 

12-months 

n=225 

(M = 126, F = 99) 

P value 

Using diabetic medication  

Yes 

No 

 

146 (64.9) 

79 (35.1) 

 

147 (65.3) 

78 (34.7) 

 

146 (64.9) 

79 (35.1) 

 

149 (66.2) 

76 (33.8) 

 

147 (65.3) 

78 (34.7) 

 

 

0.999 

Mean (SD) K10 score  

Male 

Female 

Males and females 

 

16.5 (7.7) 

18.7 (7.6) 

17.5 (7.7) 

 

 

- 

 

 

15.5 (7.7) 

15.9 (9.0) 

15.7 (8.3)  

 

 

- 

  

 

14.2 (6.7) 

13.2 (8.8) 

13.8 (7.7) 

 

 <0.001 

<0.001 

<0.001 

Mean (SD) MET minutes/week 1319.1 (1528.9) 1510.9 (1696.8) 1888.1 (1873.0) 1838.3 (2014.7) 1658.6 (1714.1) <0.001 

BMI class n (%) 

Healthy 

Overweight  

Obese 

 

29 (13.0) 

62 (27.8) 

132 (59.2) 

 

32 (14.7) 

74 (33.9) 

112 (51.4) 

 

31 (14.2) 

75 (34.4) 

112 (51.4) 

 

29 (13.5) 

74 (34.4) 

112 (52.1) 

 

31 (14.3) 

69 (31.9) 

116 (53.8) 

 

0.992 

0.769 

0.823 

Mean (SD) BMI (kg/m2) 

Males  

Females  

Males and females 

 

31.0 (5.5) 

32.7 (6.7) 

31.7 (6.1) 

 

30.5 (5.5) 

31.3 (7.2) 

30.1 (6.3) 

 

30.6 (5.8) 

31.5 (7.6) 

31.0 (6.6) 

 

30.2 (6.0) 

31.4 (7.5) 

30.7 (6.7) 

 

30.2 (5.6) 

31.9 (6.5) 

31.0 (6.0) 

 

<0.001 

<0.001 

<0.001 

Mean (SD) waist circumference 

(cm) 

Male 

Female 

Males and females 

 

109.5 (14.9) 

107.7 (17.4) 

108.7 (16.0) 

 

108.0 (16.3) 

106.1 (17.0) 

107.2 (16.6) 

 

107.5 (16.0) 

103.3 (16.1) 

105.7 (16.1) 

 

107.2 (16.0) 

103.4 (15.6) 

105.6 (15.9) 

 

106.6 (15.2) 

103.0 (15.2) 

105.1 (15.3) 

 

<0.001 

<0.001 

<0.001 

Waist circumference  

Meets recs 

Exceeds recs  

 

20 (9.9) 

183 (90.1) 

  

21 (11.6) 

161 (88.4) 

 

25 (12.2) 

179 (87.7) 

 

23 (11.6) 

175 (88.4) 

 

27 (13.5) 

173 (86.5) 

 

 

0.845 

Mean (SD) weight (kg) 

Males  

Females  

Males and females  

 

96.0 (19.2) 

87.0 (19.4) 

92.0 (19.7) 

 

95.3 (20.3) 

83.8 (18.9) 

90.4 (20.5) 

 

96.0 (21.2) 

84.1 (20.2) 

90.8 (21.5) 

 

94.6 (18.6) 

84.0 (19.7) 

90.0 (19.7) 

 

94.3 (19.4) 

84.6 (19.1) 

90.1 (19.8) 

 

<0.001 

<0.001 

<0.001 
M = Male; F = Female; K10 = Kessler psychological distress scale; IPAQ = International Physical Activity Questionnaire; cm = centimetres; m = meters; kg = kilograms; 

BMI = Body Mass Index; MET = Metabolic Equivalent Minutes; ITT = Intention-to-treat. 

Statistics: Chi-squared test or Fisher’s Exact test for categorical variables. Repeated measures ANOVA for continuous variables.  
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 7.5 Discussion  

This large, nationally representative case-series study of adults newly diagnosed with 

T2DM found mean diet quality of the group remained stable at 24 points (midrange of 

possible scores between 8-40) in the 12-months after diagnosis. A mean increase in 

DASH score of less than one point, 0.6 (0.4) was seen across the study sample. There 

were changes by groups within the sample however they effectively “cancelled each other 

out”, with a quarter improving diet quality initially but not maintaining those changes to 

12-months and another quarter maintaining to 3-months and then improving to 12-

months. A substantial proportion of participants (43.2%) did not improve their diet 

quality at any point after diagnosis and only 6.8% of the group improved consistently 

across the study. The inability of the sample to attain and maintain dietary improvement 

is concerning considering the significant impact diet quality has on influencing health 

outcomes in people with T2DM (13). 

 

To the best of our knowledge this is the first study to report the natural course of diet 

quality change in adults newly diagnosed with T2DM. One longitudinal study 

investigated whether change in DASH diet scores was associated with change in CVD 

risk over multiple time points in youth <20 years of age with type 1 and T2DM (242).  In 

youth with T2DM, the overall mean change in DASH was small at -0.36 (10.7) in follow-

up visit one (12-months) and 1.99 (11.4) in follow-up visit two (60-months) (242). 

Another 2019 study of US adults with type 1 and T2DM reported a modest improvement 

in diet quality over a 16-year period as measured by HEI 2010 scores (mean-adjusted 

increase of 3 points on a 100 point scale, p=0.003) over successive cross-sectional surveys 

(243). However, neither of these studies controlled for length of time with diabetes, 

making it difficult to determine length of T2DM diagnosis. Further, both studies were 

conducted over significantly longer periods than the 12-months of the 3D study, 

providing more opportunity to show marked diet quality change. Evidence suggests there 

is a legacy effect where patients who achieve target HbA1c levels after a new diagnosis 

have better long-term outcomes than those who do not, even if control is relaxed later in 

the disease course (35).  

 

The 3D study was comprehensive in the factors it collected that could potentially 

influence diet quality change. It examined demographic, health, physical and  
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psychosocial characteristics as previous literature suggests these may impact diet quality  

in people diagnosed with T2DM (89, 100). However, the present analysis did not find 

associations between change in DASH and these characteristics. One possible 

explanation is that these factors do not play a role in determining whether or not those 

newly diagnosed with T2DM make improvements to their diet quality in the 12-months 

early after diagnosis. Another is that DASH score is not a sensitive enough measure to 

determine change. 

 

Despite the lack of mean change in group diet quality over time, some health and physical 

characteristics did change across the study period. First, the mean weight (p=0.004) and 

BMI (p=0.002) of the sample declined significantly over time. Considering the lack of 

change in mean diet quality, it is possible that other individual factors such as physical 

activity or medication use supported improvements in weight and BMI (244, 245). 

Second, the K10 score of participants in this study declined significantly over the 12-

month study period (p<0.001) suggesting the mental health status of those newly 

diagnosed with T2DM worsens over time. One of the most serious mental health 

comorbidities associated with diabetes is major depressive disorder (246). In T2DM, 

depressive symptoms are associated with a 1.5 to threefold increased risk of diabetes 

complications and premature mortality (246). Studies that investigate this further and take 

into account wider contextual factors, such as access to diabetes education and mental 

health services are warranted. 

 

The concept of seasonal variation in food intake and physical activity levels receives 

considerable attention in the literature (247, 248). Fruit intake and physical activity levels 

are commonly recognised to be lower in Winter and higher in Summer, Spring or Fall. 

One study from the United Kingdom investigated whether physical activity levels 

differed over seasons in 46 adults and found them to be significantly higher in the warmer 

months (Summer and Spring) (248). Similarly, a 2015 study conducted in Brazil with 

n=273 adults reported intake of fruits and natural fruit juices was lower in Winter 

compared with other seasons (247). Fruit intake and physical activity levels of 

participants in the present study significantly changed over time (p<0.001). Levels for 

both variables were highest at the 6-month data collection point. The 6-month interviews 

were conducted between November and February which aligns with the Summer months  
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in Australia. These findings suggest seasonal variation may play a role in determining 

fruit intake and physical activity levels in people with T2DM.  

 

Our study has several strengths. To our knowledge it is the first study to ever enrol adults 

newly diagnosed with T2DM and monitor their health and diet for a year. Collecting data 

at 3 monthly intervals over a 12-month period also allows for assessment of variability 

rather than simply a baseline and study conclusion. The study utilised repeated 

assessment of dietary intake which enabled diet quality change over time to be quantified, 

whereas prior studies have predominantly used a measure of diet quality at a single point 

in time (163). The limitations of this study also deserve consideration. Diet quality scores 

based on dietary patterns allow comparisons over time as the scoring criteria can be 

consistently applied. However, they are limited by what they encompass when assessing 

diet quality, which may lead to other food components not being considered (e.g. alcohol 

or processed foods). Further, the DASH scoring criteria may not be a sensitive enough 

measure of change which may explain why the present study reported a group mean 

change in fruit and vegetable intake over time but not DASH. This study relied on self-

reported measures reported to interviewers which may result in social desirability bias. 

Furthermore, the exclusion of some subjects due to non-participation at certain data 

collection points may have reduced the power of this study to detect significant changes 

in diet quality.  

 

Overall, the mean diet quality of this sample did not change across the course of this 12-

month observational study, with only 6.8% of the group improving diet quality 

consistently across the study period. This suggests that without dedicated interventions, 

most people newly diagnosed with T2DM when left to their own devices (the natural 

course) will not achieve diet quality change. Given accumulating evidence of protective 

effects of diet quality on T2DM, our observations warrant a focus on the development of 

cost‐effective community, household or individual level interventions to achieve 

meaningful, sustained change in diet quality early after diagnosis.  
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Chapter 8. Phase 3 – part three  

 

Paper 5 - Process evaluation of the 3D study 

 

This chapter describes the process evaluation that was undertaken for the 3D study. It 

outlines the importance of process evaluations, the process evaluation methods, results 

and implications for future research.   

 

  8.1 Overview                                                                       

The 3D study utilised a case-series design to provide critically important information for 

nutrition-related research (249). However, observational studies do have limitations 

(250). Case-series studies have been criticised for lacking generalisability and direct 

implications for clinical practice because the aim is to inform future interventions (249, 

250). Additionally, measurement error, healthy or unhealthy selection bias and 

confounding factors are commonly cited issues in observational studies that monitor 

dietary intake (249). Considering these factors, it is possible that the 3D study outcomes 

may have been affected by factors related to the study’s implementation or delivery.  

 

Process evaluations are used in research studies to assess the fidelity and quality of the 

study implementation, clarify casual mechanisms and identify contextual factors 

associated with variation in outcomes (251). Undertaking a process evaluation of the 3D 

study was an important activity to provide insight into aspects of the study that failed or 

were successful and to provide understanding of how similar studies could be improved 

in the future. A process evaluation was therefore undertaken to investigate processes that 

may have had an impact on the 3D study outcomes. The aim was to (i) evaluate 

participants’ perceptions of the processes underpinning the 3D study, (ii) explore 

participants’ experiences of the study to give a deeper understanding of its effects, (iii) 

investigate if involvement in the 3D study may have impacted diet quality and/or physical 

activity levels reported over the observation period and (iv) seek reasons for drop out. 
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 8.2 Methods 

Participants 

Data used in the present study was derived from n=151 (57.0% male) 3D study 

participants who took part in the 12-month data collection point and n=14 (71.4% male) 

3D participants who dropped out at any point or did not participate at the 12-month data 

collection point.  

 

Data collection 

Two evaluation questionnaires were administered and responses were recorded in 

LimeSurvey. The first evaluation questionnaire (‘Questionnaire 1’) was implemented at 

the end of the final 12-month interview to those remaining in the study (referred to as ‘3D 

completers’). Participants who did not participate at 12-months or dropped out before the 

12-month data collection point (n=57, referred to as ‘3D non-completers’) were emailed 

a tailored version of the questionnaire with additional items (‘Questionnaire 2’). Both 

questionnaires included quantitative items and open-ended items related to four 

dimensions: recruitment, participant validity, participant satisfaction and response to 

study. These items were interpreted with consideration of the context and in relation to 

the main 3D study findings. Quantitative responses were recorded on a Likert scale 

between 1 to 5, with higher scores representing stronger agreement with the associated 

items. Table 8.1 and Table 8.2 outline each item, the response options, inquiry logic and 

related dimension for Questionnaire 1 and 2 respectively.  

 

Data analysis 

Quantitative questionnaire data were analysed using descriptive and inferential statistics. 

Participants were categorised into three groups based on their Likert scale responses to 

Question 5 and 7 in both Questionnaires. Those who responded “1 - Not at all” or “2 - A 

little” were grouped into the “Not impacted” group. Those who responded as “3 - 

Somewhat” were grouped in the “Somewhat Impacted” group. Participants who reported 

“4 - A fair bit” and “5 - Very much” were grouped into the “Impacted” group. One-way 

ANOVA or Kruskal-Wallis tests were used to determine if there were significant 

differences in mean (SD) DASH scores or MET minutes per week between the three 

participant groups (“Impacted”, “Somewhat Impacted” and “Not Impacted”) at each data 

collection point in the study (baseline, 3, 6, 9 and 12-months). Open-ended responses  
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were analysed by coding those that frequently occurred. The codes were then cross-

checked by a second researcher. If a response was given two or more times it was 

allocated a code (e.g. “I wanted to contribute to research”). If a response was only given 

once, it was allocated into an “other” response group.  Statistical analyses were conducted 

using STATA, version IC 15.1 (StataCorp., College Station, TX, US).
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Table 8.1 Interview guide for process evaluation of the 3D study for 3D completers (n=151) ‘Questionnaire 1’   

Interview questions  Response options  Inquiry logic Related 

dimension 

1. In a sentence or two, could you please explain why you 

decided to join this study? 

Not applicable, open-ended 

question.   

Investigate the participants’ motivation for 

being involved in nutrition research.  

Recruitment 

2. Have you been involved in all five telephone interviews in 

this study? If no, may you please explain why you could not 

participate? 

- Yes, I have been involved in all 

five interviews. 

- No, I have not been involved in 

all five interviews. Please 

specify reason. 

Explore reasons for non-participation.  Recruitment 

3. From your perspective, was it difficult to find a time to 

organise telephone interviews with the researcher?  

- Yes: please specify reasons. 

- No  

Explore participant satisfaction with study 

organisation.   

Participant 

satisfaction 

4. The interviews involved a researcher from our team 

ringing you and asking a series of questions for roughly 30 

minutes.  

 

Did you find that the researchers acted in a respectful, 

professional manner and assisted you if needed?  

Likert scale  

1 – Strongly disagree 

2 – Disagree 

3 – Neutral  

4 – Agree 

5 – Strongly agree 

Evaluate participants’ satisfaction with the 

team researchers. 

Participant 

satisfaction 

5. You have been talking to the research team for over 12 

months now, do you think participating in the study had an 

influence on what you ate? 

Likert scale  

1 – Not at all 

2 – A little  

3 – Somewhat  

4 – A fair bit 

5 – Very much 

Explore whether participants believed their 

involvement in the study affected their 

dietary choices.  

Response to 

study 

6. If yes, please specify why.   Please specify reasons. As above. Response to 

study 

7. Do you think participating in the study had an influence on 

how much exercise you took part in over the past 12 months? 

Likert scale  

1 – Not at all 

2 – A little  

3 – Somewhat  

4 – A fair bit 

5 – Very much 

Explore whether participants believed their 

involvement in the study affected their 

physical activity levels. 

Response to 

study 

8. If yes, please specify why.   Please specify reasons. As above. Response to 

study 
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9. Approximately half of each interview was spent asking 

about the food and drink you ate in the previous day. Did you 

find it difficult to recall this?   

- Yes 

- No 

- Sometimes 

- Something else: please specify 

Evaluate the accuracy of the 24-hour recall 

data.  

Participant 

validity 

10. Did you find the other interview questions easy to 

understand? 

Likert scale  

1 – Strongly disagree 

2 – Disagree 

3 – Neutral  

4 – Agree 

5 – Strongly agree 

Evaluate participants’ ability to comprehend 

the interview questions. 

Participant 

validity 

11. Overall, were you satisfied with the study?   Likert scale  

1 – Strongly disagree 

2 – Disagree 

3 – Neutral  

4 – Agree 

5 – Strongly agree 

Consider participants’ perceptions regarding 

their involvement in the study. 

Participant 

satisfaction 

12. Do you have anything further to add about your 

experience with participating in this study?  

Please specify. Offer participants the chance to provide 

further information. 

NA 

NA, not applicable    
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Table 8.2 Interview guide for process evaluation of the 3D study for 3D non-completers (n=14) ‘Questionnaire 2’ 

Interview questions  Response options  Inquiry logic Related dimension 

1. In a sentence or two, could you please explain 

why you decided to join this study? 

Not applicable, open-ended 

question. 

Investigate the participants’ motivation 

for being involved in nutrition research.  

Recruitment 

2. You did not participate in all 5 interviews 

throughout the 12-month study. May you please 

specific a reason for this? 

Not applicable, open-ended 

question. 

Explore reasons for non-participation. Recruitment 

 

3. Was there anything the research team could 

have done to have made you more likely to 

participate in each interview? 

- An incentive (like a voucher or  

money). 

- Nothing. 

- Something else: please specify. 

Evaluate participant satisfaction with 

incentives.  

Participant satisfaction 

4. From your perspective, was it difficult to find a 

time to organise telephone interviews with the 

researcher?  

- Yes: please specify reasons. 

- No   

Explore participant satisfaction with 

study organisation.  

Participant satisfaction 

5. You have been talking to the research team for 

over 12-months now, do you think participating in 

the study had an influence on what you ate? 

  

Likert scale  

1 – Not at all 

2 – A little  

3 – Somewhat  

4 – A fair bit 

5 – Very much 

Explore whether participants believed 

their involvement in the study affected 

their dietary choices.   

Response to study  

6. If yes, please specify why.   Please specify reasons. As above. Response to study 

7. Do you think participating in the study had an 

influence on how much exercise you took part in 

over the past 12-months? 

Likert scale  

1 – Not at all 

2 – A little  

3 – Somewhat  

4 – A fair bit 

5 – Very much 

Explore whether participants believed 

their involvement in the study affected 

their physical activity levels. 

Response to study 

8. If yes, please specify why.   Please specify reasons. As above. Response to study 
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9. Approximately half of each interview was 

spent asking about the food and drink you ate 

in the previous day. Did you find it difficult to 

recall this?   

- Yes 

- No 

- Sometimes 

- Something else: please specify 

Evaluate the accuracy of the 24-hour 

recall data.  

Participant validity 

10. The interviews involved a researcher from 

our team ringing you and asking a series of 

questions for roughly 30 minutes.  

 

Did you find that the researchers acted in a 

respectful, professional manner and assisted 

you if needed?  

Likert scale  

1 – Strongly disagree 

2 – Disagree 

3 – Neutral  

4 – Agree 

5 – Strongly agree 

Evaluate participants’ satisfaction with the 

team researchers. 

Participant 

satisfaction 

11. Did you find the other interview questions 

easy to understand? 

Likert scale  

1 – Strongly disagree 

2 – Disagree 

3 – Neutral  

4 – Agree 

5 – Strongly agree 

Evaluate participants’ ability to 

comprehend the interview questions. 

Participant 

acceptability 

12. Overall, were you satisfied with the study?   Likert scale  

1 – Strongly disagree 

2 – Disagree 

3 – Neutral  

4 – Agree 

5 – Strongly agree 

Consider participants’ perceptions 

regarding their involvement in the study. 

Participant 

satisfaction 

13. Do you have anything further to add about 

your experience with participating in this 

study?  

Please specify. Offer participants the chance to provide 

further information. 

NA 

NA = not applicable. 
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 8.2 Results 

A total of 165 participants responded to the evaluation questionnaires (74.3% response 

rate). Just over half of respondents were male (57.6%) with majority being between the 

ages of 55 to 65 years (34.5%). The majority of participants (n=142, 94.0%) who took 

part in the 12-month data collection point advised they had been involved in all five 

interviews. Only nine of those remaining in the study to 12-months had missed an 

interview. Common reasons reported for non-participation included: being unwell, 

undergoing a healthcare treatment (e.g. chemotherapy) or just generally being 

unavailable. 

 

Recruitment 

Reasons for participating in the 3D study were varied (outlined in Table 8.3). Among the 

3D completers, nearly half of participants (n=70, 46.5%) advised they took part in the 

study to contribute to research and help others with diabetes, followed by those who 

wanted to share their experiences (n=44, 29.1%). Among the 3D non-completers, 

majority of participants (n=9, 64.3%) advised they participated in order to share their 

experiences. Others (n=2, 14.3%) advised they wanted to talk to someone about their 

progress or equally (n=2, 14.3%), that they wanted to contribute to research and help 

others with diabetes. When asked why they did not participate in all five interviews, the 

highest proportion (n=4, 28.6%) of non-completers said it was due to a lack of time. 
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Table 8.3 Reasons given for participating among those completing the 3D study  

Related question 3D completers 

(n=151) 

Reason for participation 

To contribute to research and help others with diabetes 

Wanted to share my experiences 

Thought it would give me a greater knowledge about the 

foods I should be eating 

Sounded do-able 

Other  

To learn more about type 2 diabetes  

Wanted to talk to someone about my progress 

Thought it would be a good motivator  

 

70 (46.5) 

44 (29.1) 

19 (12.6) 

 

7 (4.6) 

4 (2.6) 

3 (2.0) 

2 (1.3) 

2 (1.3) 

Related question 3D non-completers 

(n=14) 

Reason for participation 

Wanted to share my experiences 

Wanted to talk to someone about my progress 

To contribute to research and help others with diabetes   

Other 

 

9 (64.3)  

2 (14.3) 

2 (14.3) 

1 (7.1) 

Reason for non-participation for those not remaining to 12-

months   

Did not have enough time 

There was no particular reason  

Overseas at interview time 

Admitted to hospital 

Bad telephone connectivity 

Other 

 

 

4 (28.6) 

3 (21.4) 

2 (14.3) 

2 (14.3) 

2 (14.3) 

1 (7.1) 

 

Participant satisfaction  

Participant satisfaction with the study was very good. The majority of 3D completers 

(n=136, 90.1%) believed it was not difficult to find a time to organise telephone 

interviews with the researcher at each of the data collection points. Reasons specified 

among those who did report finding it difficult included; a last-minute change of personal 

commitments making the interview time inappropriate or only being available after hours 

due to work commitments. Most participants (n=150, 99.3%) strongly agreed the 

researchers acted in a respectful and professional manner, assisted them if needed and 

were satisfied with the study (n=135, 89.4%).  

 

All 3D non-completers (n=14, 100.0%) advised there was no action the research team 

could have taken which would have made them more likely to participate in every 

interview. Similarly to 3D completers, the majority of non-completers (n=11, 78.6%) 

reported it was not difficult to find a time to organise the telephone interviews. Those 

who did find it difficult said the time options provided by the interviewer were not 
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Table 8.4 Mean (SD) DASH score according to participant response group for 

question regarding study influencing eating habits 

                    Response group  

Data collection 

point 

Impacted Somewhat 

impacted 

Not 

impacted 

P value 

0-months 25.4 (4.6) 22.3 (3.6) 23.9 (4.9) 0.014 

3-months 23.9 (5.1) 24.6 (3.9) 24.6 (4.5) 0.541 

6-months 24.7 (4.7) 22.5 (5.9) 24.4 (4.7) 0.186 

9-months 23.9 (5.0) 23.4 (4.9) 24.2 (5.3) 0.878 

12-months 24.0 (4.0) 23.4 (5.6) 24.4 (5.2) 0.861 
SD; Standard Deviation, DASH; Dietary Approaches to Stop Hypertension. Statistics: ANOVA 

or Kruskal Wallis 

 

Table 8.5 outlines the mean MET minutes of exercise per week according to the three 

participant response groups for the question surrounding whether the study influenced 

exercise habits. There were no significant differences in MET minutes per week between 

the three groups at any of the data collection points (baseline, 3, 6, 9 or 12-months).  

 

Table 8.5 Mean (SD) MET minutes per week according to participant response group 

for question regarding study influencing exercise levels 

                     Response group  

Data collection 

point 

Impacted Somewhat 

impacted 

Not impacted P value 

0-months 1363.5 (1745.9) 1306.7 (1394.8) 1320.0 (1126.4) 0.753 

3-months 1474.2 (1583.6) 2226.5 (2722.5) 1461.9 (1233.3) 0.602 

6-months 1894.4 (1637.0) 2107.6 (2539.2) 2359.7 (2328.4) 0.725 

9-months 1687.0 (1820.6) 2059.7 (2914.2) 2774.4 (2855.3) 0.153 

12-months 1798.5 (1856.4) 1351.8 (1797.9) 1373.3 (1110.3) 0.486 

SD; Standard Deviation, MET; Metabolic equivalent. Statistics: ANOVA or Kruskal Wallis 

   

Additional participant comments 

Responses to the final item of both process evaluation questionnaires that requested 

participants to share any further comments included wishes to receive a final copy of the 

results and gratitude for the opportunity to be involved in the study.  

 

  8.3 Discussion 

This process evaluation provides important insights into the implementation of an 

observational, case-series study and for the interpretation of the 3D study findings. 

Despite the 3D study having moderately high participant burden (five interviews over 12-

months), participants reported positive experiences during their involvement. The 

majority did not have notable issues with the study’s organisational elements or 

methodological aspects including; scheduling interview times with researchers and 
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recalling foods consumed in the previous 24-hours via the 24-hour dietary recall. 

Similarly, previous research has indicated 24-hour dietary recalls are perceived 

favourably by participants suggesting they have an acceptable participant burden. One 

2010 study aimed to determine the willingness of subjects (n=261) to conduct eight 24-

hour recalls via the internet and found participant burden was minimal with 92% willing 

to continue reporting their daily diets one and two months later (252). Another 2018 cross-

sectional study reported participants (n=36) who completed two interviewer-administered 

24-hour recalls found them acceptable and had mostly positive perceptions about 

completing them (253). Participants found the 3D study questions easy to understand, 

researchers to be professional and helpful when needed and reported a strong overall 

satisfaction with the study.  

 

The most commonly reported reason for participating in the 3D study was to contribute 

to research in order to help others with diabetes. This is consistent with process evaluation 

findings from other prospective observational studies in which participants gained no 

direct benefit. One study investigated what factors motivated participants to take part in 

an observational study about pregnancy, infection and nutrition (n=183) and found 93% 

of women reported contributing to science was an important factor in their decision to 

participate in the study (254). Similarly, another study with 430 females aimed to verify 

reasons that lead pregnant women to give consent to a newborn cohort study with a long 

follow up time (255). Results showed 97% of participants stated the main reason was to 

contribute to research and 96% wanted to benefit future babies and mother’s health (255). 

Clearly, contributing to research in order to support others in similar situations is an 

important factor for those who partake in observational studies.  

 

When participants drop out or do not participate in all aspects of a study, the value of the 

study diminishes as the remaining participants are less typical of the population they 

represent (256). In order to prevent further loss of valuable information and assist the 

continuation of studies, it is important to understand factors associated with non-

participation or attrition of participants. Among the process evaluation respondents in the 

3D study who did not participate at 12-months or dropped out at another time point 

(n=14), the majority advised their non-responsiveness was due to personal reasons rather 

than issues with the study itself including; not having enough time, being overseas or 

admitted to hospital. There is limited comparable evidence investigating reasons provided 

by participants for non-participation or drop out of observational studies. Instead, many 
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studies focus on identifying either participant characteristics or study processes as being 

potential predictors of study retention (257-259). The findings from this process 

evaluation suggest the methods of the 3D study were appropriate for participants and that 

reasons for non-participation or drop out were outside of the researchers’ control. 

However, it is important to recognise those who responded to the process evaluation 

questions in Questionnaire 2 (3D non-completers) may have been more likely to respond 

favourably than those who did not.  

 

The interviews that were a part of data collection served as a reminder to some 

participants to enact healthy dietary and exercise behaviours prior to the scheduled 

interview time which was an unintended consequence of the study. This is a form of social 

desirability bias; a tendency to respond in a manner consistent with expected norms, 

which is a widely recognised inherent limitation of observational research (260, 261). 

When statistically analysed, participants who said the 3D study impacted their dietary 

behaviours had a significantly higher baseline mean diet quality score (24.4) compared 

with those who said their dietary behaviours were “somewhat” (22.3) or “not impacted” 

(23.9) (p=0.014). However, their diet quality score did not vary significantly from the two 

other groups at any other data collection point (3, 6, 9 or 12-months). This suggests that 

while recruitment into the 3D study may have initially impacted on some participants’ 

dietary behaviours, this did not have an ongoing impact. A possible strategy to avoid this 

bias is to make the research phone calls occur at random during a specified week, however 

this might then decrease participation or increase the number of non-respondents.  

 

  8.4 Conclusion 

This process evaluation found the design and implementation of the 3D study to be sound. 

Participants had favourable perceptions towards the processes underpinning the 3D study 

and positive experiences related to their participation. The high percentage of cohort 

maintained throughout the study (67.1%), the relative lack of bias in drop out and the life-

based reasons provided for dropout improves confidence in the 3D study results. While 

participating in the study served as a reminder to some participants to practice healthy 

dietary and exercise behaviours prior to the scheduled interview time, it did not appear to 

greatly impact diet quality or MET minutes per week across the study duration. Future 

observational studies that involve assessing lifestyle behaviours (diet quality and physical 

activity levels) across time should consider scheduling interviews in a manner to help 

minimise social desirability bias.  
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Chapter 9. Discussion 

 

  9.1 Overview of findings 

The body of work in this thesis contributes to an enhanced understanding of the dietary 

intake of people newly diagnosed with T2DM, including how diet quality changes over 

time and the demographic, psychosocial, physical and health factors associated with 

dietary change. The knowledge was gained through a series of studies comprising a 

systematic review to synthesise existing evidence on dietary intake (by food group) of 

individuals with T2DM, and an observational, prospective, case-series study that was 

developed, led and evaluated by the candidate (The 3D study). Findings from each phase 

of research in this thesis are comprehensively discussed in Chapters 4 to 8. Table 9.1 

provides a synthesis of the aims and main findings of the studies included in this thesis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

138 

Table 9.1. Overview of the aims and key findings of the studies comprising this thesis    

Aim(s) Key findings  Finding that linked to 

subsequent study 

Study details  

Synthesised peer-reviewed literature that 

investigated the dietary intake (by food group) 

of individuals with T2DM and compared intakes 

to national and international dietary guidelines. 

 

1) Individuals with T2DM do not meet food 

group recommendations; particularly for fruit, 

vegetables, dairy and grains.  

2) Significant diversity among the studies 

reporting of food group intake made 

comparisons challenging.  

3) No study controlled for length of time that 

participants had been living with diabetes.  

4) Only cross-sectional studies were found 

making it impossible to know if adherence to 

food group recommendations varied over time. 

Future longitudinal 

research required to 

examine the relationship of 

time from diagnosis with 

food group intake. 

Phase 1 (Systematic review – 

paper #1) 

 

Burch E, Ball L, Somerville M, 

Williams LT. Dietary intake by 
food group of individuals with 

type 2 diabetes mellitus: A 
systematic review. Diabetes 

Research and Clinical Practice. 

2018;137:160-172. 

Described the rationale and design of the 3D 

study which (i) described diet quality changes in 

the 12 months following T2DM diagnosis, (ii) 

identified the demographic, physical and 

psychosocial predictors of sustained 

improvements in diet quality and glycaemic 

control, and (iii) identified associations between 

glycaemic control and diet quality in the 12 

months following diagnosis.  

NA NA Phase 2 (The 3D study protocol 

paper - paper #2) 

 

Burch E, Williams LT, 

Makepeace H, Alston-Knox C, 

Ball L. How does diet change 

with a diagnosis of diabetes? 

Protocol of the 3D Longitudinal 

Study. Nutrients. 2014;11(1):158.  

Described baseline demographic, health and 

dietary characteristics of people newly 

diagnosed with T2DM and (ii) investigated 

factors associated with improvements in diet 

quality over 3-months. 

 

1) The 3D sample was comparable to Australian 

cohorts with diabetes in terms of gender and 

BMI but differed by remoteness and 

socioeconomic status.  

2) The 3D sample was understandably younger 

given recruitment was at diagnosis.  

3) Diet quality changes after diagnosis were not 

associated with demographic characteristics but 

were associated with some health factors. 

4) People who made early improvements to diet 

quality started with lower diet quality, higher 

rates of ex-smoking, higher physical activity 

levels and a lower BMI. 

Further research should 

investigate how diet quality 

changes over longer periods 

of time and the effect on 

diabetes-related health 

outcomes. 

Phase 3  

(3-month outcomes of the 3D 

study - paper #3) 

 

Burch E, Williams LT, Thalib L, 

Ball L. Short-term improvements 

in diet quality in people newly 

diagnosed with type 2 diabetes 

are associated with smoking 
status, physical activity and body 

mass index: the 3D case series 

study. 
Nutrition and Diabetes. 

2020;10(1):1-10. 
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Aim(s) Key findings  Finding that linked to 

subsequent study 

Study details  

Described how the diet quality of individuals 

newly diagnosed with T2DM changed over a 12-

month period and identified factors associated 

with diet quality changes. 

1) Mean baseline DASH score remained at 

approximately 24 points across the 12-months, 

which is above midrange of the possible scores 

between 8-40. 

2) Very few participants improved consistently 

across the study period. 

3) No associations were found between diet 

quality, energy intake, fruit or vegetable intake 

over time and demographic, physical or 

psychosocial characteristics. 

NA Phase 3 (12-month outcomes of 

the 3D study - paper #4) 

 

Burch E, Ball L, Thalib L, 

Williams LT. What happens to 

diet quality in people newly 
diagnosed with type 2 diabetes in 

the Australian health system? 
The 3D case-series study.  

[Under review with Public Health 

Nutrition] 

(i) Evaluated participants’ perceptions of the 

processes underpinning the 3D study, (ii) 

explored participants’ experiences of the study 

to give a deeper understanding of its effects and 

(iii) investigated if involvement in the 3D study 

impacted participants’ diet quality and/or 

physical activity levels over the observation 

period. 

1) Participants had favourable perceptions and 

positive experiences about participating in the 

3D study. 

2) The implementation of the 3D study was in 

line with the protocol paper.  

3) Reasons for non-participation or drop out 

were largely personal and outside of the 

researchers’ control. 

4) Participation served as a reminder to some 

participants to practice healthy dietary and 

exercise behaviours prior to the interview time. 

However, it did not appear to greatly impact diet 

quality or MET minutes per week across the 

study duration.  

NA Phase 3 (The 3D study process 

evaluation - paper #5)  
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The “take-home messages” from the research are: 

1. Prior to the PhD, the dietary intake of people newly diagnosed with T2DM had 

not been systematically investigated.  

2. Diet quality changes that occur in the 3-months after diagnosis do not appear to 

be associated with demographic characteristics but are associated with some 

health factors. People who smoke, have low physical activity levels and a higher 

BMI may require additional support in improving diet quality early after 

diagnosis.  

3. Diet quality remains relatively stable in most people with T2DM in the 12-months 

after diagnosis. Very few people (n=10, 6.8%) improved consistently across the 

12-month observation period. The inability to improve diet quality is concerning 

considering the significant impact diet has on health outcomes in people with 

T2DM. 

4. Without more intensive interventions than current usual care in our health system, 

most people newly diagnosed with T2DM are unlikely to achieve meaningful, 

sustained diet quality improvements.  

5. The development of cost‐effective interventions to achieve sustained diet quality 

change early after diagnosis is warranted. 

 

  9.2 Hypotheses generated from the 3D study 

The 3D study utilised a case-series design, which allows hypotheses to be developed and 

tested through future research (262). This section outlines the hypotheses developed from 

the 3D study along with recommendations for future research.  

 

Hypothesis 1 – “Most people do not make sustained improvements to diet quality in 

the 12-months early after a T2DM diagnosis” 

The findings from paper 4 of this PhD highlight that diet quality does not appear to change 

significantly over time in the 12-months after a T2DM diagnosis. This is alarming due to 

the recognised impact diet quality has on future T2DM related health outcomes (10). 

However, as the 3D study was the first of its kind and there is no other existing available 

evidence that allows comparisons to be made on this topic it is difficult to definitively 

confirm Hypothesis 1, and further investigation is required. A limitation of the 3D study 

is that the DASH diet quality tool does not consider detailed food patterns which can lead  
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to other important food components related to T2DM management not being considered 

(e.g. processed foods). Therefore, it is possible that the DASH scoring criteria is not 

sensitive enough to detect modest diet quality changes over time in this population. 

 

The lack of appropriate diet quality metric instruments is a frequently described challenge 

in nutrition research (263). Although a large number of diet quality indices (such as the 

DASH scoring tool) have been developed and used in research, methodological issues 

concerning index composition remain largely unresolved (263). A 2020 systematic 

review was conducted to identify meta-analyses or narrative reviews that evaluate the 

validity of diet indices in relation to nutrient adequacy or health outcomes for NCDs, such 

as T2DM (264). It showed that while four diet quality metrics (including the DASH 

scoring tool) had convincing evidence of positive outcomes, mainly for all-cause 

mortality and T2DM, they had little evidence of associations for anthropometrics in adults 

(264). This may explain why there were no associations found between diet quality and 

weight, BMI or waist circumference in paper 4.  

 

Hypothesis 2 – “People with a high BMI, low levels of physical activity and smokers 

face additional barriers to making positive dietary changes in the initial stages (3-

months) after a new T2DM diagnosis”  

The findings from paper 3 suggest that smokers, people with a high BMI and low levels 

of physical activity could potentially benefit most from tailored interventions to improve 

diet quality in the early months after receiving a T2DM diagnosis. This thesis provides a 

solid foundation for advancing research on this topic. Before targeted interventions for 

these groups are developed, it will be important to undertake further qualitative, 

exploratory work that investigates reasons into why these groups have difficulty initially 

improving their diet quality after diagnosis. This qualitative research could include 

discussions surrounding other underlying health conditions as well as environmental and 

social circumstances. As an example, the 3D study did not have any mechanism to detect 

whether participants had restricted access to parks and recreational facilities to undertake 

exercise safely. Nor did it assess whether participants were having social issues that made 

it more difficult to access healthy food (e.g. being a sole carer) or if it was difficult for 

participants to access their healthcare appointments (such as with a dietitian) due to 

limited access to public and private transportation. Developing a greater understanding  
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of the reasons into why people do not change their diet quality early after diagnosis will 

allow future interventions to be better targeted and these groups to receive tailored 

support.  

 

Hypothesis 3 – “The mental health of people newly diagnosed with T2DM declines 

in the 12-months early after diagnosis”  

12-month data (paper 4) showed the mental health score (measured on the K10 scale) of 

3D study participants declined significantly over the study period. This suggests the 

mental health status of those newly diagnosed with T2DM deteriorates over time after 

diagnosis. It is important to note in the current global pandemic context that data 

collection finished prior to the coronavirus pandemic. The findings from paper 4 are 

concerning considering depressive symptoms are associated with a 1.5 to threefold 

increased risk of diabetes complications and premature mortality in those with T2DM 

(31). Currently, much research exists that identifies poor mental health is a problem for 

people diagnosed with T2DM (85, 265). For example, a longitudinal study that 

investigated whether T2DM increases the odds of psychological distress found a T2DM 

diagnosis was associated with a fivefold increase in the odds of a participant reporting 

that their quality of life had become significantly poorer, reduction in time spent with 

friends and family, contacts by telephone, attendance at social clubs or religious groups 

(85). However, the reasons for a decline in mental health status over time have not yet 

been thoroughly investigated, particularly in the population of those newly diagnosed 

with T2DM.  

  

  9.3 Epistemological approach 

It has been previously identified that prospective, cohort studies that collect detailed and 

accurately measured data on the dietary habits and health outcomes of people with non-

communicable diseases, such as T2DM, over time are lacking (264). One of the biggest 

strengths of the 3D study is that it has contributed such quantitative data for the T2DM 

population. Collecting data at 3 monthly intervals over a 12-month period allowed for 

assessment of variability rather than simply at one time point. However, as the 3D study 

was largely quantitative, it meant that potentially important qualitative data were not 

captured. The selection of research methods for the different phases of this thesis were 

guided by a pragmatic paradigm and future research may benefit from a more  
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constructivist paradigm. The central endeavour of the constructivist paradigm is to 

understand the subjective world of human experience (266). The paradigm approach 

makes an effort to ‘get into the head of the subjects being studied’, to understand and 

interpret what the subject is thinking or the meaning the subject is making of the context 

(111).  

 

 9.4 Recommendations for the future 

Research recommendations 

1. Using the 3D study database, reanalyse raw dietary data using alternative diet 

quality assessment tools. A 2020 systematic review and meta-analysis 

summarised data from 113 reports on associations between diet quality assessed 

by the HEI, Alternate HEI (AHEI) and DASH dietary patterns, and multiple 

chronic disease outcomes (269). It found highest versus lowest diet quality 

described by all three diet scores combined was associated with lower risk of all-

cause mortality and CVD incidence or mortality (269). Therefore, it is 

recommended that the AHEI and HEI diet quality tools are used to reanalyse the 

data. This recommendation will help strengthen the findings for hypotheses 1 and 

2 by addressing possible limitations of the DASH diet quality tool and will 

contribute to a greater understanding of diet quality changes over time in those 

recently diagnosed with T2DM. 

2. Develop and test novel and feasible diet quality tracking/monitoring solutions that 

can be embedded into usual care by health professionals in Australia. Tracking 

and monitoring solutions could include a free smartphone application or website 

application. This recommendation will enable people newly diagnosed with 

T2DM to track and report their diet quality in a consistent, cohesive manner. 

Healthcare professionals could then quickly and succinctly observe diet quality 

changes over time and provide more support and referrals to relevant services 

when necessary for those having trouble making sustained changes. This may help 

facilitate those newly diagnosed with T2DM to improve their diet quality over 

time and increase self-efficacy about making healthy dietary changes. 

3. Conduct mixed-method research that further analyses the mental health status of 

this population following diagnosis. One example of a study that could be 

conducted would be to longitudinally follow the mental health status, access to  
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diabetes education services and mental health services in a sample of people 

recently diagnosed with T2DM to examine possible reasons for a decline in 

mental health status over time. This recommendation would help to strengthen the 

findings from hypothesis 3 and will allow any declines in mental health status 

over time to be thoroughly investigated. Findings from this analysis in 

conjunction with 12-month paper’s (paper 4) findings could be utilised to inform 

the planning and evaluation of mental health services provided to those newly 

diagnosed with T2DM in Australia.  

 

Practice recommendations 

1. All healthcare professionals to encourage and support people newly diagnosed 

with T2DM to make healthy dietary changes early after diagnosis. Healthcare 

professionals should highlight the importance of diet at all healthcare interactions 

and make appropriate referrals to allied health professionals when necessary. This 

will remind people with T2DM that diet plays a key role in diabetes management 

and improves diabetes health outcomes.  

2. After diagnosis, healthcare professionals should encourage people with T2DM to 

track their diet quality over time so that they can evaluate the information at 

subsequent appointments together and determine whether additional support from 

allied health professionals (e.g. dietitians and nutritionists) is required. Ideally 

people would be encouraged to track their diet quality using the free smartphone 

application or website application described in research recommendation #2.  

3. Mental health status assessment of people with T2DM to be introduced at each 

appointment with a GP after diagnosis. It is suggested that a validated anxiety-

depression screening tool (such as the K10 questionnaire) be placed on the 

primary care providers electronic medical notes system and that it is made 

mandatory to complete before the medical notes can be successfully stored. This 

recommendation will enable mental health changes over time to be tracked in this 

population and the need for additional support to be clearly signified to healthcare 

professionals.  
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Policy recommendations 

1. Develop one standard that promotes the integration of mental health services into 

primary care for this population. To achieve this recommendation, current mental 

and e-mental health policies across Australian mental health services that are 

available for people newly diagnosed with T2DM should be mapped out. 

Promoting the integration of mental health services into primary care will help to 

develop stronger local services for those with T2DM living with mental health 

issues. 

 

9.5 Conclusion 

The research in this thesis has generated important knowledge about the dietary intake of 

an at-risk group that was not previously available, providing a solid foundation for future 

work in this area. To address gaps in the literature, the research in this thesis involved; 

conducting a systematic review of observational studies that investigated the diet quality 

(by food group) of people with T2DM and comparing it to international dietary 

guidelines; developing a protocol for an observational, prospective, case-series study that 

investigated how diet quality changed in the 12-months after T2DM diagnosis and the 

demographic, physical and psychosocial factors associated with change (the 3D study); 

conducting the 3D study and evaluating its processes and impact over the observation 

period. The research findings suggest that the majority of people with T2DM do not 

significantly make sustained improvements to their diet quality in the 12-months after 

diagnosis. In the short term (3-months after diagnosis) some health factors were 

associated with diet quality change including having a lower BMI, being a non-smoker 

and having higher physical activity levels at baseline. These findings will be able to be 

used to test novel interventions of state and non-government organisations to help reduce  

the impact of diabetes, improve patients' quality of life and help decrease health care costs 

attributed to diabetes-related complications (109).  

 

9.6 Strengths and limitations of this thesis  

There are a number of strengths and limitations of this thesis. One strength was the 

inclusion of a systematic review at the beginning of the thesis which allowed the 

candidate to thoroughly investigate existing literature surrounding the topic and identify 

where gaps in knowledge remained. In screening several thousands of titles and articles,  
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the candidate received a greater understanding of the available literature which allowed 

clear and targeted aims for the subsequent chapters to be developed. The thesis then 

followed a logical, clear progression from systematic review to protocol paper through to 

case-series study and ended on a process evaluation paper. Another major strength of the 

thesis was the inclusion of the 3D study which was the first study to ever enrol adults 

newly diagnosed with T2DM and monitor their health and diet for 12-months. This 

observational study collected data from participants in an unaltered, natural setting which 

was in contrast with previous literature that came largely from artificial trials. The 

abundance of valuable data (dietary, demographic, physical and psychosocial) collected 

over the 12-month period in the 3D study will continue to inform future research beyond 

this thesis.   

 

While recruitment through the NDSS in the 3D study was the most suitable way to access 

a large number of potential participants with T2DM, selection bias could not be 

eliminated as registration with the service is voluntary. Therefore, participants may have 

had greater diabetes self-management motivation, consequently skewing the results of 

this thesis. The thesis study sample was largely representative of the Australian 

population with T2DM, however Aboriginal and Torres Strait Islander peoples and 

culturally and linguistically diverse groups were grossly under-represented. Another 

limitation of this thesis is that dietary data were analysed using the DASH scoring system 

which is highly correlated with diabetes outcomes but does not describe detailed food 

patterns. Diet quality scores based on dietary patterns allow comparisons over time as the 

scoring criteria can be consistently applied, however they are limited by what they 

encompass when assessing diet quality and can lead to other food components not being 

considered. Therefore, the DASH scoring criteria may not have been a sensitive enough 

measure of change, impacting the results of this thesis. Finally, the pathology data 

collected from 3D study participants was not able to be utilised as intended. At the 9 and 

12-month data collection points, participants were asked to either email, text or post 

pathology results from the previous 12-months to the research team. Due to limited 

funding and in order to minimise participant burden, it was decided that this was the most 

feasible way for the research team to access pathology data. However, only approximately 

one quarter of participants provided the requested results. The results from participants 

who did provide them were often collected at time periods that did not align with the  

 



 

147 

interview timelines or had specific requested pathology results missing, thereby making 

it difficult to analyse the results and draw associations with other data. This data 

collection method was therefore not feasible which is an important lesson for other 

studies.  

  

9.7 ‘Lessons learned’  

As a final note, I would like to share a number of ‘lessons learned’ that resulted from 

completing this thesis over the past 4 years:   

 

Lesson 1 – ‘Factor in for some delays in your research timeline’.  

There was a significant delay in the 3D study participant recruitment letter being sent out 

to participants due to administration issues and a changeover in staff at Diabetes 

Australia. This put the 3D study timeline back a few months which impacted the data 

collection timeline of this thesis. This enforced the lesson that research timelines cannot 

always be tightly adhered to and flexible back-up plans are important.  

 

Lesson 2 – ‘Be clear with your participants from the beginning’.  

Despite a detailed participant letter that was approved by ethics being provided to 3D 

study participants, a number believed they were participating in the study to get advice 

from a dietitian regarding their dietary intake, which was not a component of the 

observational 3D study. As a result, I learnt that it is important to provide potential 

participants with a very clear outline of what the study will entail during the recruitment 

process. In the case of the 3D study recruitment, a clearer participant information letter 

that specified dietary/nutrition advice and counselling would not be offered would have 

provided more transparency for participants.  

 

Lesson 3 – ‘Recruit participants using a number of different methods’. As previously 

mentioned in this chapter, the lack of Aboriginal and Torres Strait Islander people and 

culturally and linguistically diverse groups recruited into the 3D study was a major 

limitation of this thesis. In the future, I will endeavour to research and apply additional 

recruitment strategies in order to encourage a wider range of participation.  
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Lesson 4 – ‘Don’t be afraid to ask for help – refrain from trying to figure out 

everything by yourself’. 

As mentioned in Chapter 3 of this thesis, the data collection time for the 3D study 

interviews was grossly underestimated due to a larger than anticipated recruitment rate. 

It took me a few months to recognise that it would not be possible to collect all the data 

on my own and ask for help. I now recognise that asking for assistance earlier only 

benefits the study being conducted and can often produce a great collaborative research 

team like it did in the case of the ‘3D research team’.  
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Appendix D: Ethical Approval and Amendments 

 
Table 1. Outline of ethical amendments made to the 3D study between 2018-2020  

Project name Ethics/variation approval dates 

 

1. The 3D 

study 

 

Start: Full ethical approval gained 5/2/18 – ethical approval = #2017/951 

End: Finished. 

 

Variation approved (11/4/18). 

Details:  

1) To add Dr Liz Fitzmaurice to the research ethics protocol. 

2) To update the following questions to the survey: 1. Could you please tell me what diabetic medications you are currently taking, including the 

dosage of those medications? 2. Can you recall what your last HbA1c result was? If yes, can you specify the date you received it? 3. Did you 

receive your results via email from your GP? If yes, would you be willing to forward these results to the GP that is on our research team? Your 

results will be de-identified, not shared with anyone outside of our research team and will be kept completely confidential. 

Variation approved (25/02/19). 

Details:  

1) To ask participants to send Emily Burch (member of the research team) a copy of their most recent pathology results by either: scanning and 

emailing the results, posting the results via mail, or texting a photo of their results. These changes do not differ greatly from what is covered by 

the existing ethical clearance (i.e. all participants have already provided consent for the research team to obtain their pathology results). 

2. Pre-

diabetes 

sub-study 

#1 

Variation approved (25/7/18). 

Details:  

1) To contact a sub-sample of participants who responded affirmatively that they would be willing to participate in a study exploring their 

experiences of having pre-diabetes. The participants will be asked a series of open-ended questions based on a validated interview guide. A copy 

of the participant information and consent materials, and interview schedule, has been submitted with this variation request.  

2) To add Mari Somerville (PhD Candidate) to the research team. Mari commenced her PhD in 2018 and will be exploring the health care 

experiences of individuals with prediabetes. 

3. Pre-

diabetes 

sub-study 

#2 

Variation approved (10/8/18). 

Details:  

To add the following PhD candidates to the research team: Mari Somerville and Roshan Rigby. Both student researchers will support data 

collection and analysis as per the approved protocol. Both are supervised by the principal investigators of the project (Dr Lauren Ball and Prof 

Lauren Williams) and the research will contribute to their doctoral studies at Griffith University. 
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Variation approved (6/2/19). 

Details:  

1) To add the following investigators to the research team: Dr Lana Mitchell, Polly Neve (Honours student), Talia Woodward (Research 

Assistant), Carly Barlow (Research Assistant). 

2) To conduct a further 20 interviews with participants from the original 3D study who have indicated that they were willing to be contacted for 

further participation in the study. Participants will receive a $20 voucher for their time. The approved participant information and consent 

materials will be used for this additional research. 

Variation approved (15/10/19). 

Details: 

1) To conduct interviews with an additional sub-sample of previous willing participants. A copy of the recruitment, participant information and 

consent materials, and interview guide has been submitted with this variation request.   

4. Health 

professional 

sub-study 

#3 

Variation approved (28/1/20). 

Details: 

To invite participants of this study to a sub-study that is being done in collaboration with researchers from Monash University. A Griffith-based 

research assistant will contact participants who have expressed interest in being involved in future studies to invite them into the study "The 

Real 5As project" and to gain permission for a Monash-based researcher from the Real 5As research team to contact them.   

Variation approved (10/3/20). 

Details: 

1) To add Dr Celia Laur to the research team. 

2) To note that further in-depth analysis will be conducted on the existing dataset collected under this protocol to answer additional research 

questions that are consistent with the ethics approval for the research. No further data are required for this additional analysis. 

Variation approved (1/4/20). 

Details: 

1) To use the invitation email submitted to the Office for Research on 01/04/2020. 

Variation approved (1/4/20). 

Details: 

1) To send an email update to potential participants who have not as yet been contacted to explain that there has been enough data collected and 

that they may instead be contacted in the future if more interviews are required. 

 

 

 

 

 



 

190 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

192 

 

 

 

 

 

 





 

194 

 

 

 

 

 



 

195 

Appendix E: Participant Information and Consent Forms 

  

Participant Information and Consent 

Study Title:  

How does Diet change with a Diagnosis of Diabetes? The ‘3D’ longitudinal study. 

Purpose of the study: 

The objectives of this study are; (i) to determine the extent to which patients improve their dietary 

behaviours after being diagnosed with type 2 diabetes; and (ii) to identify factors that predict 

sustained improvements in dietary behaviours. This topic will be explored via five phone interviews 

with a member of our research team over a 12-month period. 

What you will be asked to do: 

You will be involved in five telephone interviews between 2018 and 2019 that will take 

approximately 30 minutes each to complete. Participation is completely voluntary and confidential. 

No identifying information will be published or shared outside the research team. You have the 

choice to withdraw or stop participating at any time. No identifying information will be published or 

shared outside the research team and interviews will not be recorded. 

Selection of participants: 

Participants will include volunteers who have been newly diagnosed with type 2 diabetes and 

registered with the National Diabetes Service Scheme (NDSS). Participants will choose to enter 

the study by contacting the research coordinator (Emily Burch) listed below. 

Benefits of the research: 

Your participation will contribute to the identification of factors that contribute to sustained 

improvements in dietary behaviours in individuals diagnosed with type 2 diabetes. These findings 

may directly inform strategies for health professionals and policy makers to support healthy eating, 

which in turn may facilitate better outcomes for individuals living with type 2 diabetes. Participants 

will be entered into a draw at the completion of each of the five telephone interviews to win one of 

twenty $20 Coles/Myer gift vouchers. Participants interested in viewing research outcomes can 

choose to provide an email address and will receive a copy of the de-identified, final report. 

Risks to participants: 

The risk arising from this study is low, which means that by participating in this research, you are 

at no greater risk than that which arises from daily living. However, in the event that you feel 

distressed during the interview, you can choose not to answer a particular question and may 

withdraw participation at any time. If you wish to gain access to relevant support services or discuss 

any issues raised by the surveys, please contact the NDSS Helpline on 1300 136 588. 

 

Dissemination of results:  

The results from this research will be published in an academic thesis and may also be 

disseminated via journal articles and/or conference presentations. 

 

 

 

School of Allied Health Sciences 
Gold Coast Campus 

Griffith University, QLD 4222 
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The ethical conduct of this research: 

This study has been granted ethics approval (GU Ref No: 2017/951). Griffith University conducts 

research in accordance with the National Statement on Ethical Conduct in Human Research. For 

further information, concerns or complaints about the ethical conduct of the research project, 

contact the Manager of Research Ethics at research-ethics@griffith.edu.au or (07) 3735 4375. 

Privacy: 

The conduct of this research involves the collection, access and / or use of your identified personal 

information. The information collected is confidential and will not be disclosed to third parties 

without your consent, except to meet government, legal or other regulatory authority requirements. 

A de-identified copy of this data may be used for other research purposes. However, your 

anonymity will be safeguarded at all times. All research data (survey responses and analysis) will 

be retained in a locked cabinet and/or a password protected electronic file at Griffith University for 

a period of five years before being destroyed. For further information consult the University’s 

Privacy Plan at http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-

privacy-plan or telephone (07) 3735 4375. Invitations have been sent by Diabetes Australia on 

behalf of the researchers to ensure anonymity of potential participants. 

Further information and consent: 

Please contact the primary researcher (Emily Burch) via email or telephone for further information. 

If you wish to participate, please respond with an email stating your willingness to participate. We 

look forward to hearing from you. 

Research coordinators contact details:  

Primary Contact 

Emily Burch (APD, BNutDiet, BMassComm) 

School of Allied Health Sciences 

Griffith University  

emily.burch@griffithuni.edu.au  

Ph: 0410 227 688  

 

Dr Lauren Ball (PhD, APD, MND, B. Ap. Sci) 

School of Allied Health Sciences 

Griffith University 

l.ball@griffith.edu.au 

 

Professor Lauren Williams (PhD, APD, BScHons)  

School of Allied Health Sciences 

Griffith University  

lauren.williams@griffith.edu.au 

 

 

Dr Elizabeth Fitzmaurice (MBChB MMgt (Health 
Service Mgt), FRACGP Grad Cert Higher Ed) 
 
School of Medicine 

Griffith University  

l.fitzmaurice@griffith.edu.au  
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Appendix F: Summary of the Australian Guide to Healthy Eating for Australian 

adults 

 
Food group Recommended serves Serving size example 

Males Females 

Grains – 
(should be 

mostly 

wholegrain 
and/or high 

cereal fibre 

varieties) 

19-50 yrs  19-50 yrs Approximately 500 kJ or: 

- 1 slice (40g) bread 
- ½ medium (40 g) roll or flat bread 

- ½ cup (75-120g) cooked rice, pasta, noodles, barley, 

buckwheat, semolina, polenta, bulgur or quinoa 

- ½ cup (120g) cooked porridge 

- ²/³ cup (30g) wheat cereal flakes 

- ¼ cup (30g) muesli 
- 3 (35g) crispbreads 

- 1 (60g) crumpet 

- 1 small (35g) English muffin or scone 

6 

 

51-70 yrs 

6 

 

51-70 yrs 

6 

 

70+ yrs 

4 

 

70+ yrs 

4.5 3 

Vegetables 19-50 yrs 19-50 yrs Approximately 75g (100-350 kJ) or: 

- ½ cup cooked green or orange vegetables (for example, 
broccoli, spinach, carrots or pumpkin) 

- ½ cup cooked dried or canned beans, peas or lentils (no added 

salt) 

- 1 cup green leafy or raw salad vegetables 

- ½ cup sweet corn 

- ½ medium potato or other starchy vegetables (sweet potato, 
taro or cassava) 

- 1 medium tomato 

6 
 

51-70 yrs 

5 
 

51-70 yrs 

5.5 

 
70+ yrs 

5 

 
70+ yrs 

5 5 

Fruits All ages  
2  

All ages  
2 

Approximately 150g (350 kJ) or: 

- 1 medium apple, banana, orange or pear 

- 2 small apricots, kiwi fruits or plums 
- 1 cup diced or canned fruit (no added sugar) 

Or only occasionally:  

- 125ml (½ cup) fruit juice (no added sugar) 

- 30 g dried fruit (e.g. 4 dried apricot halves, 1½ tablespoons of 

sultanas) 

Dairy and 

dairy 

alternatives – 
(should be 

mostly 

reduced fat) 

19-50 yrs 19-50 yrs Approximately 500-600 kJ: 

- 1 cup (250ml) fresh, UHT long life, reconstituted powdered 

milk or buttermilk 

- ½ cup (120ml) evaporated milk 
- 2 slices (40g) or 4 x 3 x 2cm cube (40g) of hard cheese, such 

as cheddar 

- ½ cup (120g) ricotta cheese 

- ¾ cup (200g) yoghurt 

- 1 cup (250ml) soy, rice or other cereal drink with at least 

100mg of added calcium per 100mls 

2.5 

 
51-70 yrs 

2.5 

 
51-70 yrs 

2.5 

 
70+ yrs 

4 

 
70+ yrs 

3.5 4 

Meat and 

meat 

alternatives 

19-50 yrs 19-50 yrs Approximately 500-600 kJ: 

- 65g cooked lean red meats such as beef, lamb, veal, pork, goat 

or kangaroo (about 90-100g raw) 

- 80g cooked lean poultry such as chicken or turkey (100g raw) 
- 100g cooked fish fillet (about 115g raw) or one small can of 

fish 

- 2 large (120g) eggs 

- 1 cup (150g) cooked or canned legumes/beans such as lentils, 

chickpeas or split peas (preferably with no added salt) 
- 170g tofu 

- 30g nuts, seeds, peanut or almond butter or tahini or other nut 

or seed paste (no added salt) 

2.5 

 
51-70 yrs 

2.5 

 
51-70 yrs 

2.5 
 

70+ yrs 

2 
 

70+ yrs 

3.5 2 

Adapted from the Australian Dietary Guidelines (267) 

g, grams; kJ, kilojoules; yrs, years 
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Appendix G: Summary of country-specific nutrition recommendations and food group classifications from included studies (n=11) 

Guideline 

& study 

country  

Summary of nutritional 

recommendations  

 Food group classifications 

Eating Well 

with 

Canada’s 

Food Guide 

(141). 

 

Canada 

 

 

1. Eat at least one dark green and 

one orange vegetable each day.  

2. Choose vegetables and fruit 

prepared with little or no added 

fat, sugar or salt.  

3. Have vegetables and fruit more 

often than juice.  

4. Make at least half of your grain 

productions whole grain each 

day.  

5. Choose grain products that are 

lower in fat, sugar or salt.  

6. Drink skim, 1% or 2% milk 

each day.  

7. Select lower fat milk 

alternatives. 

8. Have meat alternatives such as 

beans, lentils and tofu often.  

9. Eat at least two Food Guide servings 

of fish each week.  

10. Select lean meat and alternatives 

prepared with little or no added fat or 

salt.  

11. Satisfy your thirst with water.  

12. Limit foods and beverages high in 

calories, fat, sugar or salt. 

 

F&V: Frozen, canned or fresh vegetables 

(including potatoes), fresh, frozen or 

canned fruits, and 100% fruit juice. 

Grains: Bread, bagels, flat breads, rice, 

bulgur, quinoa, cereal, pasta and couscous. 

Dairy: Milk (including powdered milk), 

canned milk (evaporated), fortified soy 

beverage, yoghurt, kefir, cheese.  

Meat/alt: Cooked fish, shellfish, poultry, 

lean meat, cooked legumes, tofu, eggs, 

peanut and nut butters, shelled nuts and 

seeds. 

Dietary 

Guidelines 

for Arab 

Countries 

(142). 

 

Jordan 

1. Consume low fat milk and dairy 

products. 

2. Consume milk and dairy 

products fortified with vitamin 

D. 

3. Eat a variety of fruit. 

4. Choose fruit when it is in 

season. 

5. Drink fresh fruit juice. 

6. Eat more dark green vegetables 

like spinach and more orange 

vegetables like carrots. 

7. Eat at least half the cereals as 

whole grains. 

8. Eat more fortified cereals and their 

products. 

9. Choose low fat or lean meat. 

10. Consume legumes at least 3 times a 

week. 

11. Consume fish on most days if 

possible. 

12. Consume chicken and other poultry 

without the skin as and when 

possible. 

 

F&V: Fresh, frozen or canned fruit, fresh, 

frozen or canned vegetables, and fruit juice. 

Grains: Arabic flat bread, cornflakes, rice, 

wheat oats, macaroni, small crackers.  

Dairy: Milk, labna, yoghurt, cheese, cream 

cheese.  

Meat/alt: Meat, chicken, fish, egg, peanut 

butter, legumes, nuts, seeds. 
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Guideline 

& study 

country  

Summary of nutritional 

recommendations  

 Food group classifications 

Dietary 

Guidelines 

for 

Americans 

(143). 

 

United 

States  

 

 

1. Limit your use of solid fats, 

such as butter and hard 

margarines. Use vegetable oils 

as a substitute. 

2. Choose fat-free or low-fat types 

of milk products, and lean meats 

and poultry. 

3. Eat cooked dry beans and peas 

and fish more often. 

4. Use the Nutrition Facts Label to 

help choose foods lower in total 

fat, especially saturated fat, as 

well as in cholesterol and 

sodium. 

5. Limit your intake of beverages 

and foods that are high in added 

sugars. Don’t let soft drinks or 

sweets crowd out other foods 

you need, such as milk products 

or other calcium sources. 

6. To keep your sodium intake 

moderate, choose and prepare 

foods with less salt or salty 

flavourings. 

7. If you are an adult and choose to 

drink alcoholic beverages, do so 

sensibly. Limit intake to one 

drink a day for women or two a 

day for men. 

 

8. Build your eating pattern on a variety 

of grains, fruits, and vegetables. 

9. Include several servings of whole 

grain foods daily such as whole 

wheat, brown rice, oats, and whole 

grain corn. 

10. Enjoy five a day, eat at least 2 

servings of fruit and at least 3 

servings of vegetables each day.  

11. Choose dark-green leafy vegetables, 

orange fruits and vegetables, and 

cooked dry peas and beans often. 

12. Choose foods from the milk and the 

meat and beans groups each day.  

13. Make low-fat choices most 

often. 

14. Enjoy fats and sweets occasionally. 

 

F&V: Fresh, frozen and canned vegetables, 

beans and peas (also considered part of 

meal/alt group but should only be counted 

in one group), starchy vegetables (including 

potatoes), fresh, frozen, canned and dried 

fruits and fruit juices.  

Grains: Whole-wheat bread, whole-grain 

cereals and crackers, oatmeal and brown 

rice, white breads, enriched grain cereals 

and crackers, enriched pasta and white rice.  

Dairy: Milks, soy beverages, yoghurts, 

frozen yoghurts, dairy desserts, cheeses.  

Meat/alt: Poultry, seafood, eggs, nuts, 

seeds, processed soy products, beans and 

peas (also considered part of meal/alt group 

but should only be counted in one group).  
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Guideline 

& study 

country  

Summary of nutritional 

recommendations  

 Food group classifications 

Japanese 

Dietary 

Guidelines 

(144). 

 

Japan 

 

1. Enjoy your meals.  

2. Establish a healthy rhythm by keeping regular hours for meals.  

3. Maintain the proper weight with adequate exercise and well-balanced 

meals.  

4. Eat well-balanced meals with staple food, as well as main and side 

dishes.  

5. Eat enough grains such as rice and other cereals.  

6. Combine vegetables, fruits, milk products, beans and fish in your diet.  

7. Avoid too much salt. Attention should be paid to the quality and 

quantity of fat ingested. 

F&V: Fruits (including fruit juice) and 

vegetables (including mushrooms, potatoes 

and seaweed).  

Grains: Rice, bread, noodles and pasta.  

Dairy: Milk and milk products. 

Meat/alt: Meat, fish, egg and soy-bean 

dishes.  

 

Food-based 

Dietary 

Guidelines 

for South 

Africa 

(146). 

 

Algeria  

 

 

1. Enjoy a variety of foods. 

2. Make starchy foods part of most meals. 

3. Eat plenty of vegetables and fruit every day. 

4. Eat dry beans, split peas, lentils and soya regularly. 

5. Have milk, maas or yoghurt every day. 

6. Fish, chicken, lean meat or eggs can be eaten daily. 

7. Drink lots of clean, safe water. 

8. Use fats sparingly. Choose vegetable oils, rather than hard fats. 

9. Use sugar and foods and drinks high in sugar sparingly. 

10. Use salt and food high in salt sparingly. 

F&V: Fresh, frozen and canned vegetables, 

fresh, frozen, canned and dried fruit.  

Grains: Potatoes, bread, rice, pasta, cereal, 

maize meal. 

Dairy: Milk, cheese, yoghurt, soy milk. 

Meat/alt: Beans, pulses, fish, eggs, red 

meat and chicken.  

Food Based 

Dietary 

Guidelines 

for Sri 

Lankans 

(147).  

 

Sri Lanka  

1. Eat a variety of foods every day. 

2. Eat cereal-based foods three times a day. 

3. Eat plenty of vegetables and fruits. 

4. Eat pulses, fish, dried fish, eggs, poultry and lean meat. 

5. Consume milk or milk products daily. 

6. Consume moderate amounts of fats. 

7. Limit salt intake and use only iodized salt. 
8. Consume less sugar, sweets or sweetened drinks. 

9. Drink plenty of water. 

10. Maintain a healthy body weight through a balanced food intake and regular 

physical activity. 

11. Eat naturally occurring foods in preference to processed foods. 

F&V: Fresh fruit and vegetables. 

Grains: Rice, wheat, kurrakkan, maize, 

rice and wheat flower preparations 

(including bread, string hoppers etc), tubers 

(e.g. yams), manioc, potato and sweet 

potato, innala, kiri ala, starchy fruits (e.g. 

Jak and breadfruit). 

Dairy: Milk, curd, yoghurt and cheese.  

Meat/alt: Fish, pulses, meats (including 

chicken, beef, pork, mutton and Offal-

liver), eggs, coconut, peanuts, kottang, nuts 

and seeds.  
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Guideline 

& study 

country  

Summary of nutritional 

recommendations  

 Food group classifications 

Healthy 

Eating 

Guidelines 

in Ireland 

(268). 

 

Ireland 

1. Enjoy a wide variety of foods 

from the five food groups. 

2. Find enjoyable ways to be 

physically active every day - 

balancing your food intake with 

active living will help protect 

you against disease and prevent 

weight gain. 

3. Keep an eye on your serving 

sizes - choose smaller serving 

sizes and add plenty of 

vegetables, salad and fruit. 

4. Plain wholemeal breads, cereals, 

potatoes, pasta and rice provide 

the best calories for a healthy 

weight. Base your meals on 

these simple foods with plenty 

of vegetables, salad and fruit. 

5. Eat plenty of different coloured 

vegetables, salad and fruit – at 

least five a day. 

6. Low-fat milk, yoghurt and 

cheese is best - choose milk and 

yoghurt more often than cheese. 

7. Choose lean meat and poultry; 

include fish (oily is best) and 

remember, peas, beans and lentils are 

good alternatives. 

8. Use polyunsaturated and 

monounsaturated spreads and oils 

sparingly – reduced fat spreads are 

best. Grill, bake, steam or boil food, 

instead of frying or deep frying.  

9. Healthy eating can be enjoyed with 

limited amounts of ‘other foods’ like 

biscuits, cakes, savoury snacks and 

confectionary. These foods are rich 

in calories, fat, sugar and salt so 

remember – not too much and not 

too often. 

10. Limit your salt intake. 

11. Drink plenty of water. 

12. Everyone should take a daily vitamin 

D supplement. 

F&V: Fresh, frozen and canned vegetables, 

fresh, frozen and dried fruit, and 

unsweetened fruit juice.  

Grains: Potatoes, cereals, oats, muesli, pita 

bread, cous cous, yam, plantain, breads, 

pasta and rice. 

Dairy: Milk, cheese, yoghurt and soy milk. 
Meat/alt: Beans, beef, lamb, pork, mince, 

poultry, lentils, eggs, nuts and seeds.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Italian 

Dietary 

Guidelines 

(149). 

 

Italy 

1. Eat more cereals, vegetables, tubers and fruit.  

2. Choose high-quality fats and limit the amount you eat.  

3. Consume appropriate amounts of sugars, sweets and sugar-sweetened beverages.  

4. Drinks plenty of water every day.  

5. Eat only small amounts of salt.  

6. Alcoholic drinks – only if in limited amounts.  

7. Choose a wide variety of foods. 

F&V: Fresh, frozen and canned vegetables, 

fresh, frozen and dried fruit.  

Grains: Bread, cereals, rice, pasta, bakery 

products and pearl barley. 

Dairy: Milk, yoghurt and cheese. 
Meat/alt: Fish, eggs, legumes, cured meats 

(e.g. Salami) and other meats (e.g. Lamb).  

Alt, alternatives; F&V, fruit and vegetables.   
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