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Abstract 

 
Eating a diverse diet improves diet quality and nutritional adequacy, but may be higher in 

energy and discretionary foods, which are associated with obesity. We aimed to utilise a 

newly validated dietary diversity questionnaire (DDQ) to explore the dietary diversity and 

food variety of New Zealand European, Māori and Pacific women and how dietary diversity 

and food variety may link to different body composition profiles (BCPs). 

Women’s (n=235) waist circumference, body mass index and body fat percentage (BF%) was 

used to categorise them into one of three BCP groups (normal-fat, hidden-fat, apparent-

fat). Dietary intake was assessed using a Food Frequency Questionnaire (energy and 

nutrients), alongside a validated DDQ, which assessed participants dietary diversity and 

food variety scores (DDS and FVS). 

Dietary diversity was high (88%, 22/25) whilst food variety was comparatively low (31%, 

78/237), especially within carbohydrates, fruits, vegetables and seafood. Overall, DDS and 

nutritious-DDS was lower for Pacific participants (P<0.005), whilst discretionary-FVS was 

higher for Māori and Pacific participants (both P<0.001). Regarding obesity, nutritious-DDS 

was higher in participants with a non-obese BMI (P=0.024) and BF% (P=0.029), compared 

to obese participants. Both DDS and N-DDS negatively correlated to WC and BF% (P<0.005). 

Participants in the highest tertile of DDS and nutritious-DDS had a lower WC (P=0.015, 

P<0.001), BMI (P=0.048, P=0.004), and BF% (P=0.002, P=0.011), despite consuming more 

energy (P=0.016). We were unable to demonstrate any significant anthropometric 

differences between tertiles of discretionary DDS nor discretionary FVS.  

Our results support previous prospective studies, showing that consuming an increased 

variety of nutritious foods may be associated with reduced female obesity, possibly more 

so than omitting discretionary foods. Health promotion should encourage exchanging 

rather than excluding, discretionary foods.  
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Chapter One:  

Justification 

 

1.1 Background 
Experts estimate that one in every five deaths globally can be attributed to a poor quality 

diet (Gakidou et al., 2017), thus researchers often define diet quality by the ability of the 

diet to prevent chronic disease (Kant, 2004; Wirt & Collins, 2009). As the research field 

evolves, experts now recommend that measurements of diet quality do not focus on single 

foods and nutrients, but instead consider the quality of the ‘whole diet’ (Asghari, Mirmiran, 

Yuzbashian, & Azizi, 2017; Freeland-Graves & Nitzke, 2013; Nitzke, Freeland-Graves, 

Olendzki, & Association, 2007). Factors such as portion sizes, proportionality, moderation, 

and dietary diversity each play a unique role in diet quality. However, it is currently 

undecided whether dietary diversity is a help or hindrance in the battle against one of the 

most lethal and perpetuating lifestyle diseases; obesity. Obesity is defined as the extreme 

excess accumulation of body fat (World Health Organisation, 2018b), and in 2015, more 

than 600 million people were obese - a statistic that has nearly doubled in the past 35 years 

alone (World Health Organisation, 2018b). Obesity has detrimental health complications 

such as heart disease, stroke, arthritis, type two diabetes, and certain cancers (Ministry of 

Health, 2015b) and has well-established links to psychological conditions such as depression 

and anxiety (Ministry of Health, 2008). Obesity also has an economic impact, costing New 

Zealand $722 million per year in lost productivity, and health care (Lal, Moodie, Ashton, 

Siahpush, & Swinburn, 2012). In New Zealand’s fight against obesity, women of childbearing 

age are a particularly important consideration, as they are significantly more likely to be 

obese than men of the same age (Ministry of Health, 2017). Female obesity poses unique 

risks to both mother and baby during pregnancies (Ministry of Health, 2018b). Given the 

impact of female obesity on our nation’s social, physical and economic wellbeing, it has 

become increasingly critical that we can assess and understand which factors of diet quality, 

such as dietary diversity, may be causing one third of New Zealand’s women of childbearing 

age to live in a state of obesity (Ministry of Health, 2017). 

 

To understand the quality of an individual’s diet, and how this may link to obesity, the diet 

of an individual must first be assessed. Dietary assessment is defined as the gathering of 
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dietary information to assess food intake (Biro, Hulshof, Ovesen, & Cruz, 2002). Most 

dietary assessment techniques fall under one of two types; quantitative dietary assessment 

and qualitative assessment, each with unique strengths and shortfalls. Quantitative dietary 

assessment attempts to precisely enumerate dietary intakes, and considers factors such as 

the frequency and quantity of consumed food items and nutrients (Harris et al., 2009; 

Thompson et al., 2015). Commonly used quantitative methods of dietary assessment 

include food frequency questionnaires (FFQ’s), weighed or estimated food records, and 24-

hour diet recalls (Thompson et al., 2015). However, quantitative techniques are often 

criticised for being time consuming, inducing behavioural changes, under-reporting and 

bias, as well as having low validity to true intakes (Mahan & Raymond, 2016; Willett, 2001). 

In addition, quantitative techniques require a high level of participant literacy and 

compliance, and often involve extensive and expensive analysis by specifically trained 

people (FAO, 2011; Mahan & Raymond, 2016). Because of the limitations of quantitative 

assessment, qualitative dietary assessment is becoming increasingly common (Oldewage-

Theron & Kruger, 2011). Qualitative techniques include focus groups, in depth interviewing, 

participant observations and qualitative surveys (Harris et al., 2009). Qualitative techniques 

are not concerned with the exact quantities of intake, instead, they consider the whole diet, 

in regards to the individual’s dietary patterns, behaviours, habits, attitudes, and perceptions 

(Biro et al., 2002; Harris et al., 2009).  

 

Dietary diversity is a qualitative approach to measuring diet quality that considers two main 

factors; dietary diversity (the number of food groups eaten from) and food variety (the 

number of food items eaten) (Ruel, 2003b). The concept of assessing dietary diversity was 

developed after noticing that dietary intakes in underdeveloped countries were limited to 

a small range of starchy staple foods, leading to a poor quality diet and dangerous vitamin 

and mineral deficiencies (FAO, 2011; Hatløy, Torheim, & Oshaug, 1998). In order to assess 

the dietary diversity of individuals in resource poor settings, the dietary diversity 

questionnaire (DDQ) was created (Hatløy et al., 1998). The new DDQ was a list of food items 

that provided a simplified way to assess the diet, as participants were only required to tick 

if they did or did not consume a certain food over the past seven days, regardless of quantity 

or frequency (FAO, 2011). It was found that an individual’s combined dietary diversity score 

(DDS) and food variety score (FVS) correlated well to the nutritional adequacy of their diet, 
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thus were indices of diet quality that did not require quantitative assessment, high 

participant literacy, or extensive staff training (Hatløy et al., 1998). Since its initial success, 

further studies have demonstrated the ability of increased DDS and FVS to reliably correlate 

to a reduced risk of energy and nutrient deficiencies and thus lower rates of preventable 

disease across a range of population groups, such as children (Steyn, Nel, Nantel, Kennedy, 

& Labadarios, 2006), adolescents (Mirmiran, Azadbakht, Esmaillzadeh, & Azizi, 2004) adults 

(Arimond et al., 2010; Ogle, Hung, & Tuyet, 2001; Oldewage-Theron & Egal, 2013; 

Oldewage-Theron & Kruger, 2011; Torheim et al., 2004; Vandevijvere, De Vriese, 

Huybrechts, Moreau, & Van Oyen, 2010) and older people (Rathnayake, Madushani, & Silva, 

2012). However, despite dietary diversity being considered vital for nutritional adequacy 

and diet quality, research surrounding the link between dietary diversity and obesity is 

conflicting. 

 

In a third world setting, it is unclear whether dietary diversity is most reliably linked to 

increased or decreased body mass index (BMI; kg/m2); it may depend on the population of 

interest, as dietary diversity appears to protect individuals from being dangerously 

underweight in rural third world poverty (Savy, Martin-Prével, Sawadogo, Kameli, & 

Delpeuch, 2005), but also protects individuals from being dangerously overweight in urban 

third world poverty (Azadbakht & Esmaillzadeh, 2011; Oldewage-Theron & Egal, 2013). 

However, dietary diversity has also been associated with increased BMIs and obesity in 

many third world nations, such as Sri Lanka (Jayawardena et al., 2013), Brazil (Bezerra & 

Sichieri, 2011) Bolivia (Bénéfice, Lopez, Monroy, & Rodríguez, 2007), and Mexico (Ponce, 

Ramirez, & Delisle, 2006), whilst other third world investigations found no obesity-dietary-

diversity (obesity-DD) link at all  (Ajani, 2010; Gregory, McCullough, Ramirez-Zea, & Stein, 

2008; Hasan-Ghomi et al., 2012; Kimura et al., 2009; Lee, Huang, Su, Lee, & Wahlqvist, 2011; 

Mayega et al., 2012; Savy et al., 2008).  

 

In New Zealand and other first world countries, current dietary guidelines suggest 

consuming a varied diet for health, as dietary diversity has been linked to a reduced risk of 

deficiencies (Foote, Murphy, Wilkens, Basiotis, & Carlson, 2004; Vandevijvere et al., 2010), 

cancer (Fernandez, D’Avanzo, Negri, Franceschi, & La Vecchia, 1996; Health & Services, 

2017; Ministry of Health, 2015a; World Health Organisation, 2018a), and early mortality 
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(Kant, Schatzkin, Harris, Ziegler, & Block, 1993). However the relationship between dietary 

diversity and obesity again remains undecided, as although some authors have found 

dietary diversity to correlate positively with obesity (Bernstein et al., 2002; Foote et al., 

2004; Tian, Wu, Zang, Zhu, & Wang, 2017), others describe an inverse relationship (Abris et 

al., 2018; Kant, 2004; Kant & Graubard, 2005; Kant et al., 1993), whilst a recent meta-

analysis finds no relationship at all (Salehi-Abargouei, Akbari, Bellissimo, & Azadbakht, 

2016). Authors who have concluded that the there was a concerning obesity-DD link, do so 

most often on the grounds of two conclusions. The first is what the current study will call 

the DD-energy hypothesis, where authors conclude that a diverse diet is higher in energy, 

thus has obesity as a consequence (Azadbakht & Esmaillzadeh, 2012; Bernstein et al., 2002; 

Foote et al., 2004; McCrory et al., 1999). However, the obesity-DD link has also recently 

been established even when energy intakes are controlled for (Tian et al., 2017). The second 

hypothesis is that a diverse diet is also diverse in discretionary foods (Azadbakht & 

Esmaillzadeh, 2011; Azadbakht, Mirmiran, Esmaillzadeh, & Azizi, 2006; Ponce et al., 2006). 

Discretionary foods are foods and drinks that do not fit into the five food groups (fruits, 

vegetables, dairy, whole grains and protein foods) such as cakes, biscuits, chips and 

chocolate (Australian Government, 2013). Like all foods, discretionary foods provide 

nutrients and consuming a wide range of discretionary foods means the diet is technically 

more diverse. However, the consumption of discretionary foods, especially when they 

displace nutritious foods in the diet, has been repeatedly linked to obesity (Aburto, Pedraza, 

Sánchez-Pimienta, Batis, & Rivera, 2016; Cohen, Sturm, Scott, Farley, & Bluthenthal, 2010; 

Guenther, Reedy, & Krebs-Smith, 2008; Johnson, Bell, Zarnowiecki, Rangan, & Golley, 2017; 

Nitzke et al., 2007). 

  

There are many possible explanations for the conflicting results of dietary diversity studies 

in developed countries. The first is that outcomes may be affected by discretionary food 

diversity, and whilst some authors consider discretionary foods in their dietary diversity 

analysis (de Oliveira Otto, Padhye, Bertoni, Jacobs Jr, & Mozaffarian, 2015; McCrory et al., 

1999), others do not (Abris et al., 2018; Bernstein et al., 2002; Foote et al., 2004; Kant & 

Graubard, 2005; Kant et al., 1993; Tian et al., 2017). Secondly, it could be that DDQ’s are 

not able to reflect the enormous variety of foods available in culturally diverse developed 

countries such as New Zealand. For example, original DDQ’s consisted of nine food groups 
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only: starchy staples; dark green leafy vegetables; other vitamin A rich fruits and vegetables; 

other fruits and vegetables; organ meat; meat and fish; eggs; legumes, nuts and seeds; milk 

and milk products (FAO, 2011). However, in a developed country most individuals have 

access to an abundance of different foods, thus as many as 21 food groups may be required 

to better understand dietary diversity  (FAO, 2011; Salehi-Abargouei et al., 2016). Finally, 

obesity-DD research outcomes may differ depending on how each author measures obesity, 

whether by body fat percentage (Abris et al., 2018; McCrory et al., 1999), waist 

circumference measurements (de Oliveira Otto et al., 2015), or, as most frequently, BMI 

(Bernstein et al., 2002; Kant, 2004; Kant & Graubard, 2005; Tian et al., 2017).  

 

Māori and Pacific women are twice as likely to have an obese BMI (>30kg/m2) compared to 

New Zealand European (NZE) women (Ministry of Health, 2012a). However, BMI 

measurements do not consider ethnic differences in frame and weight (Huxley, Mendis, 

Zheleznyakov, Reddy, & Chan, 2010; World Health, 2000) and thus some authors argue that 

BMI overestimates the body fat of some ethnic groups such as Māori and Pacifica (Rush, 

Plank, Laulu, & Robinson, 1997; Rush, Puniani, Valencia, Davies, & Plank, 2003; Swinburn, 

Craig, Daniel, Dent, & Strauss, 1996). However, recent research suggests that using higher 

BMI cut off for Māori and Pacifica is not appropriate, and reduces the sensitivity of the 

measure (Taylor et al., 2010). Using BMI may also be inappropriate for NZE women, as many 

as 21% of NZE women with normal BMI’s hold excessive abdominal fat, which is ‘hidden’ by 

smaller frames (Kruger et al., 2015). Literature suggests that as per high BMI’s, hidden fat 

correlates to obesity related health outcomes such as cardiovascular disease, cancers 

(Zhang, Rexrode, Van Dam, Li, & Hu, 2008) hypercholesterolemia (He, Liu, Chen, He, & 

Dong), and all-cause mortality (Padwal, Leslie, Lix, & Majumdar, 2016; Pischon et al., 2008; 

Sahakyan et al., 2015), thus BMI may overestimate or underestimate obesity and its related 

risks in some populations. 

 

1.2 Justification and statement of research problem 
Amid an obesity epidemic, it has become increasingly critical to understand the relationship 

between diet quality and obesity in New Zealand women. Because a diet that is excessive 

in energy and discretionary foods can be diverse and varied, there is no current consensus 

as to whether dietary diversity and food variety is beneficial, detrimental or irrelevant in 
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the battle against obesity. Once the role dietary diversity plays in obesity is better 

understood, DDQ’s could provide a cost and time effective way to understand diet quality, 

from a qualitative perspective that is becoming increasingly popular with respected health 

agencies. No current research considers how dietary diversity, as a factor of diet quality, 

may be influencing the body composition of childbearing aged NZE, Māori and Pacific 

women in New Zealand. However, this is now possible as a DDQ has been newly validated 

for use with New Zealand women of childbearing age, as part of the EXPLORE (Examining 

Predictors Linking Obesity Related Elements) sub-study (Hepburn, 2014; Kruger et al., 

2015). Results from the DDQ will allow the opportunity to grasp which food groups and food 

items are compromised or preferred by women of different ethnicities and body 

composition profiles (BCPs), and how this affects the diversity, variety and quality of their 

diet. The current study will go beyond analysing BMI, and also consider body fat percentage 

(BF%) and waist circumference (WC) to better understand obesity in NZE women where 

obesity may be hidden, and Māori and Pacific women where BMI may overestimate BF%. 

The current research will allow for tailored public health tools, that utilise dietary diversity 

to correct the ‘whole diet’ instead of focusing on single foods - a critical step for effective 

health intervention (Freeland-Graves & Nitzke, 2013; Nitzke et al., 2007) and thus a critical 

step to prevent the growing economic, physical, social costs of obesity.  

 

Therefore, this research aims to utilise a newly validated DDQ in order to explore the dietary 

diversity and food variety of NZE, Māori and Pacific women living in New Zealand, and how 

dietary diversity and food variety may link to different body composition profiles.  

 

1.3 Objectives 

Objective 1 - To explore the dietary diversity and food variety of NZE, Māori and Pacific 

women  

Objective 2 - To examine the relationship between dietary diversity and different body 

composition profiles in New Zealand women  

Objective 3 – To examine the relationship between dietary diversity and obesity 

 Sub-objective 3.1 - To examine the relationship between dietary diversity, increased 

energy intake and obesity 

 Sub-objective 3.2 - To examine the relationship between dietary diversity and 

increased discretionary food and nutrient intake, and obesity 
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1.4 Structure of the thesis 
This thesis comprises of four parts. Chapter 1 outlines the relevant background information, 

as well as providing the justification for the current study. Chapter 2 contains an extensive 

review of the relevant literature regarding diet quality, the state of obesity in New Zealand, 

dietary diversity and food variety as qualitative indices of diet quality, and the link between 

these measures of obesity. Chapter 3 contains the research manuscript, in accordance with 

the British Journal of Nutrition. The research manuscript contains an abstract (a brief 

summary of the study), introduction (scope of the topic), methods section (our processes 

and tools) results section (our findings) and discussion section (our findings in comparison 

to previous relevant research). Finally, the conclusions, strength and limitations of our study 

is outlined in Chapter 4. Appendices contain the questionnaires used (appendix A and B) 

and supplementary results (appendix C1, C2 and C3). 
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DDQ. 

Jenna Schrijvers, Maria Casale, Alexandra 
Lawn, Sarah Philipsen, Zara Houston, 
Adrianna Hepburn and Chelsea Symons, 
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18 

Chapter Two: 

Literature Review 

 

2.1 A high quality diet  
 

2.1.1 What defines a high quality diet 

In a developing country, where food access is limited, diet quality is defined by the diet’s 

nutritional adequacy and ability to provide all of the nutrients needed for daily functioning 

(Ruel, Harris, & Cunningham, 2013). In a developed country, the context of health is obesity, 

and nutrient containing high energy convenience foods are over consumed (Asghari et al., 

2017). Thus, nutrient deficiencies are less common, however, diet quality remains poor 

(Asghari et al., 2017). Authors therefore often define developed world diet quality by the 

extent to which the diet prevents diet-related chronic diseases (Asghari et al., 2017; Kant, 

2004; Wirt & Collins, 2009). Improving diet quality and preventing obesity is a priority for 

health researchers, and there has been increasing interest in correcting the whole diet, 

rather than focusing on the intake of single nutrients (i.e. saturated fat) or foods (i.e. fast 

foods) (Asghari et al., 2017; Freeland-Graves & Nitzke, 2013). Research suggests that 

optimal diet quality relies on the interplay between many indicators of diet quality 

(including those outlined in table 2.1), as together they synergistically prevent disease of 

lifestyle, such as obesity, type two diabetes, cancers and even premature death (Asghari et 

al., 2017; Guo, Warden, Paeratakul, & Bray, 2004; Kant, 2004; Kennedy, Ohls, Carlson, & 

Fleming, 1995b; Torheim et al., 2004). 
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Table 2.1. Commonly explored indicators of diet quality (Asghari et al., 2017; Guo, 

Warden, Paeratakul, & Bray, 2004)  

Dietary Quality indicators Definition 

Portion sizes The amount of food eaten during eating occasions 

Proportionality 
Consuming more of some food groups whilst less of 

others across a day’s eating 

Moderation 

Limiting the intake of discretionary foods and 
nutrients that pose a risk to health outcomes and 

ensuring that the majority of dietary intake is 
nutritious foods 

Dietary diversity (DD) 
Consuming foods from a diverse range of food 

groups to ensure all nutrients are consumed daily 

Food variety (FV) 
A factor of dietary diversity; defined as consuming a 

varied range of foods within each food group and 
across the whole diet 

 

There are numerous ways in which a person’s health may benefit from optimising each 

indicator of diet quality. One such way is that consuming a diet with optimal portion sizes, 

proportionality, and moderation inherently results in a reduced intake of discretionary 

foods. Discretionary foods are foods and beverages that do not fit into the main five 

nutritious food groups (fruits and vegetables, dairy, whole grains, protein foods and healthy 

fats), such as cakes, biscuits, chips and chocolate (Australian Government, 2013). 

Discretionary foods, like all foods, can provide nutrients that are vital for human health (for 

example, ice-cream provides calcium), however they are high in discretionary nutrients 

such as saturated fat, added sugars and salt (Australian Government, 2013). The New 

Zealand Ministry of Health (2013) recommends that we limit our intake of saturated fat, 

sugar and salt as their overconsumption is linked to obesity, cardiovascular disease and 

hypertension (Ministry of Health, 2013a). A diet high in discretionary foods does have the 

ability to be nutritionally adequate, however discretionary foods can displace the 

consumption of nutritious foods within healthy food groups. When discretionary foods 

displace nutritious foods in the diet, the overall quality of the diet reduces, and the risk of 

lifestyle diseases increases (Aburto et al., 2016; Johnson et al., 2017). Because of their 

negative consequences, dietary guidelines from the United States (U.S) (Department of 

Agriculture (US), 2005) and Australia (Australian Government, 2013) have suggested that 

no more than 14% of energy intake (or ~260 calories of a 2000 calorie diet) should be 

consumed in the form of discretionary food. 
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As a public health strategy to improve diet quality, expert health authorities have created 

a variety of tools that promote the aforementioned indicators of diet quality and encourage 

limiting discretionary foods. For example, the traditional plate model demonstrates what 

constitutes an appropriate portion size and does not include discretionary items, whilst the 

food pyramid has promoted proportionality and moderation and includes only a small 

fraction for discretionary foods at its peak (Nitzke et al., 2007). However, there is no widely 

accepted measurement or tool that helps us to understand and promote dietary diversity 

and food variety, despite its links to improved health outcomes (Ministry of Health, 2018a; 

World Health Organisation, 2018a), nutritional adequacy (Foote et al., 2004; Vandevijvere 

et al., 2010), reduced risk of cancer (Fernandez et al., 1996; Health & Services, 2017), and 

reduced risk of early mortality (Kant, Schatzkin, Graubard, & Schairer, 2000; Kant et al., 

1993; Michels & Wolk, 2002). 

2.1.1 Obesity as a penalty of a poor quality diet 

One of the most researched consequences of a poor quality diet is obesity, which has 

detrimental health, social and economic consequences. Obesity is defined as the excessive 

accumulation of body fat that places a significant risk on an individual’s health (World 

Health Organisation, 2017). In a comparable way to smoking, obesity accounts for more 

than 9% of all premature mortality in New Zealand (Ministry of Social Development, 2016) 

and can shorten an individual’s life by a decade (Prospective Studies, 2009). The poor health 

outcomes linked to obesity include dysfunctional respiratory function, bone health, and 

reproductive capabilities, as well as significantly increasing the risk of life threatening 

conditions such as stroke, heart disease, type two diabetes, and cancers of the bowel and 

stomach (World Health Organisation, 2018a).   

Beyond its physical effects, obesity has detrimental social consequences. Research in New 

Zealand has demonstrated a link between obesity and psychological conditions such as 

depression and anxiety (Ministry of Health, 2008). The relationship between obesity and 

mental health is also found internationally in multiple meta-analyses, which link obesity to 

depression in both adults and teenagers, especially women (De Wit et al., 2010; Quek, Tam, 

Zhang, & Ho, 2017). It has been demonstrated that obese individuals face discrimination 

across multiple settings such as health care, the workplace and within interpersonal 
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relationships, again, particularly so in women (Spahlholz, Baer, König, Riedel‐Heller, & Luck‐

Sikorski, 2016).  

Because of its physical and social consequences, obesity results in lost productivity and 

health care costs. In the United States, an obese person is predicted to cost their nation 

upwards of $1700 U.S dollars ($2700 New Zealand dollars) per year, thus, a national cost of 

$95 billion U.S dollars ($149 billion New Zealand dollars) per year in 2014 (Kim & Basu, 

2016). In New Zealand, it is predicted that obesity has a national cost of $722 million New 

Zealand dollars ($468 million U.S dollars) per year (Lal et al., 2012).  

2.1.2 The measurement and classification of obesity 

In a clinical setting, BMI (kg/m2) is most commonly used to diagnose obesity. Scientific 

consensus has determined a BMI of more than (or equal to) 30kg/m2) to be indicative of 

obesity (Ministry of Health, 2015b; World Health Organisation, 2018b). However, as BMI is 

a continuous variable, the cut-offs differentiating between healthy or unhealthy BMI, are 

merely predictive. Table 2.2 demonstrates each BMI category alongside its predicted level 

of health risk as used by both New Zealand’s Ministry of Health (2015) and the World Health 

Organisation (2018b).   

Table 2.2. Adult BMI scores with its consequential health risks (Ministry of Health, 2015b; 

World Health Organisation, 2018b) 

BMI Categories (kg/m2) Weight Classification Risk of Negative Health Outcomes 

<18.5 Underweight  

18.5-24.9 Healthy Weight Average 

25-29.9 Overweight Increased 

>30 

• 30-34.9 

• 35-39.9 

• >40 

Obese 
Obese (Class 1) 
Obese (Class 2) 
Obese (Class 3) 

Substantially increased 
Moderate 

Severe 
Very severe 

BMI, body mass index 

As a measurement of body fatness in women, BMI is a powerful tool as it considers not just 

body weight, but an individual’s weight in relation to their height (Garrow & Webster, 1985). 

However, as per any predictive measure, BMI holds limitations, one such limitation being 

the reliance on body weight. An individual’s body weight is the combined weight of their 

bone, lean muscle, organ tissue and fluid mass, thus some individuals may have a higher 

body weight without necessarily having higher body fat (Ministry of Health, 2015b). 
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Therefore, other anthropometric indicators are often used alongside BMI to determine 

whether an individual holds excess body fat, and if so, to what extent.  

One such additional method is waist circumference (WC), a measurement of length taken 

around the midsection of the torso (Ministry of Health, 2015b). Unlike BMI, WC allows us 

to distinguish between those who have more body weight due to extra lean muscle, fluid 

or bone mass, versus those have excess body fat around their midsection. A WC of more 

than 80cm (for women) has a well-supported association to increased truncal adiposity and 

negative health outcomes (He et al.; Padwal et al., 2016; Pischon et al., 2008; Sahakyan et 

al., 2015; Zhang et al., 2008). Alternative obesity measurements such as WC may be crucial 

in New Zealand, as some authors argue that BMI measurements tend to overestimate the 

body fat of Pacific and Māori people (Rush et al., 1997; Rush et al., 2003; Swinburn et al., 

1996). However, more recent research has demonstrated that increased BMI cut off points 

for Māori people (i.e. 32kg/m2) reduces the sensitivity of the measure and is not appropriate 

(Taylor et al., 2010). Therefore, using a BMI cut off of 30kg/m2 across all ethnic groups 

alongside other anthropometric measures, such as body fat percentage (BF%) may provide 

a more comprehensive approach to measuring body composition.    

2.1.3 The demographics of obesity in New Zealand  

New Zealand is currently the world’s third most obese country – with more than one in 

every three New Zealand adults classified as obese (Organisation of Economic Co-operation 

and Development, 2017). Table 2.3 demonstrates the most current national obesity trends 

within different demographic factors (Ministry of Health, 2017). 



Table 2.3. Current New Zealand obesity trends segregated by demographic factor 

(Ministry of Health, 2017) 

Demographic factor New Zealand obesity trends 

Gender 

Women were not significantly more likely to be obese than men 
(29.1% versus 28.3%). However, when looking only at the rates of 

obesity within the 24-35 years age range, when women often 
bear children, women were significantly more likely to be obese 

than men (31.6% versus 24.3%) 

Age 
The risk of obesity increases with age, peaking within those 

between 55-64 years, and then declining within older adults. 

Ethnicity 
Māori and Pacific people were more likely to be obese than New 

Zealand European people (1.8 and 2.5 times more likely 
respectively) 

Socioeconomic 
status 

Living within New Zealand’s most deprived quintile was a 
significant predictor of obesity, with 44% being obese, compared 

to 22% of those living within the least deprived quantile 

 

  

2.1.4 Diet, obesity and women 

The diet of women of childbearing age is often the focal point of diet and health researchers 

due to their increased nutritional requirements for menarche and pregnancy (Arimond et 

al., 2010; Blumfield, Hure, Macdonald‐Wicks, Smith, & Collins, 2013). As a result of 

increased needs, women routinely suffer from nutritional deficiencies of nutrients such as 

calcium, iron, folate, iodine, zinc, vitamin A and selenium (Kennedy & Meyers, 2005). 

Obesity in women of child-bearing age creates dangerous health risks for both the mother 

and child during pregnancy (Ministry of Health, 2018b). Poor pregnancy outcomes are 

exacerbated in the presence of nutritional deficiencies. Recent meta-analyses have found 

that despite increased energy consumption, common nutritional shortfalls are often more 

common in obese versus non-obese women, for both iron (Zhao et al., 2015) and vitamin D 

(Pereira‐Santos, Costa, Assis, Santos, & Santos, 2015), which are critical in pregnancy for 

foetal neural and bone development (Blumfield et al., 2013). Furthermore, research 

continues to demonstrate a link between obese mothers and childhood obesity in their 

offspring, with obesity in mothers more than doubling the risk of an obese child (Gibson et 

al., 2007; Whitaker, 2004). Childhood obesity is linked to childhood depression, anxiety, 

conduct disorders, developmental delays, social ostracism and adult obesity, thus obesity is 
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further perpetuated (Halfon, Larson, & Slusser, 2013; Nader et al., 2006; Pizzi & Vroman, 

2013; Russell-Mayhew, McVey, Bardick, & Ireland, 2012).  

Despite lower obesity rates, New Zealand Europeans (NZE) still contribute significantly, to 

negative obesity-related health outcomes, such as cardiovascular disease and arthritis 

(Ministry of Health, 2017). The New Zealand Examining Predictors Linking Obesity Related 

Elements (EXPLORE) (Kruger et al., 2015) study investigated the BCPs of New Zealand 

women and found that 30% of NZE participants, but only 21% of Māori and 11% of Pacific 

participants had normal BMIs (BMI <25kg/m2). Māori and Pacific women were more likely 

to be classified as having ‘apparent fat’, with a high BMI (BMI >30kg/m2) and a high BF% 

(BF% >30%) (Kruger et al., 2015). However, the EXPLORE study (Kruger et al., 2015) 

demonstrated that despite lower BMI’s, 28% of NZE women still hold excessive abdominal 

fat, which is ‘hidden’ by lower body weights. Only 13% of Māori and 2% of Pacific 

participants demonstrated this same ‘hidden’ fat profile (Kruger et al., 2015). Hidden 

abdominal fat correlates to cardiovascular disease, cancers, type two diabetes (Zhang et al., 

2008), hypercholesterolemia (He et al.), and all-cause mortality (Padwal et al., 2016; Pischon 

et al., 2008; Sahakyan et al., 2015). Given the detrimental effects of obesity on our health, 

economic and social systems, we must find a method to assess diet quality that can 

demonstrate the patterns of eating that contribute to both obesity and hidden fat. 

  



 
 

25 

2.2 Dietary assessment 
 

2.2.1 The purpose of assessing diet quality 

Dietary assessment refers to the gathering of dietary information to assess the intake of an 

individual (Biro et al., 2002). Dietary assessment methods are the types of techniques used 

to explore the dietary intake and patterns and thus diet quality, usually to establish an 

individual’s nutritional status (Thompson et al., 2015). Styles of dietary assessment differ 

between the length of time they will be conducted over, whether they will be looking into 

past or future eating patterns and whether they will be exploring quantitative or qualitative 

data (Biro et al., 2002).  

2.2.2 Quantitative dietary assessments 

When attempting to understand the exact nutritional intake of an individual, quantitative 

methods of dietary assessment are often said to be the gold standard, as they provide 

measured (or predicted) quantities of foods consumed (Harris et al., 2009). With 

enumerated intakes, assessors can quantify the amount of nutrients within an individual’s 

diet, and then use this information to assess where nutritional shortfalls within the diet may 

occur. However, despite the presumed precision of quantitative dietary assessment tools, 

each tool has strengths and limitations, as described in table 2.4.
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Table 2.4. The strengths and weaknesses of different retrospective and prospective quantitative dietary assessment methods (Biro et al., 2002; Mahan & 

Raymond, 2016; Thompson et al., 2015; Willett, 2001) 
Quantitative 

Tool 
Explanation Strengths Weaknesses 

Food Frequency 
Questionnaires 
(retrospective) 

Using a survey with lists of 
foods, participants report 
their predicted frequency 
of consuming a specific 
food over a specific time 
period (i.e. a week, a 
month, a year). Can include 
quantities (QFFQ) or not 
(more qualitative) (FFQ) 

- Not affected by day to day variability in the diet 
- Does not elicit changes to dietary intake 
- Captures foods not frequently consumed or consumed 
in small amounts 
- Relatively small time burden to participant 
- Relatively simple data handling, no nutrition 
professional needed to analyse results 
 
 

- Relies on long term memory recall which may be 
inaccurate 
- Relies on estimations of portion sizes so gives 
imprecise quantifications of intake 
- Underestimation of energy and protein intakes more 
common 
- May have low validity to true intakes if not well 
validated 
- Requires high participant literacy 
- Participants may eat foods not included in the FFQ 
- Must be culturally specific or it cannot encompass all 
potential foods of participants’ diets 

Weighed Food 
Record 

(prospective) 

Participants record 
everything they consume 
over a certain time period 
(i.e. 1+ days, ideally 5-6 
days). Recorded quantities 
are weighed (i.e. 43g of 
chicken) 

- Provides an accurate quantity of each food consumed, 
providing that information is recorded correctly 
- Omission of food items from record is said to be 
minimal compared to other methods 
- If recorded over the course of five to six days, controls 
for day to day variability in dietary intakes unlike 24 
hour food recall 
- No reliance on participant memory and no opportunity 
for recall bias 
- Open ended, meaning even uncommon food items can 
be recorded 

- Writing a record of food intake can elicit changes to 
dietary intake 
- Time consuming and fatiguing for the participant 
- Low compliance and under-reporting common 
because of high participant burden 
- Requires high level of participant literacy and 
compliance 
- Condiments and cooking oils often omitted 
- Requires time consuming analysis by trained 
professional 
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Quantitative 
Tool 

Explanation Strengths Weaknesses 

Estimated Food 
Record 

(prospective) 

Participants record 
everything they consume 
over a certain time period 
(i.e. one day or several 
weeks) – recorded 
quantities are estimated 
using household/familiar 
quantities (i.e. ~1/2 a cup 
of chicken) 

- Self-reported 
Provides an accurate estimation quantity of each food 
consumed, providing that information is recorded 
correctly  
Less of a time burden than a weighed food record 
- No reliance on participant memory and no opportunity 
for recall bias 
- Open ended, meaning even uncommon food items can 
be recorded 

- Writing a record of food intake can elicit changes to 
dietary intake  
- Subject to estimation error by both participant and 
recorder 
- Commonly, condiments and cooking oils are not 
recorded by participants  

24 Hour Diet 
Recalls 

(retrospective) 

Interviewer asks 
participants to recall 
everything they consumed 
over the past 24 hours. 
Participants are probed by 
the interviewer for extra 
details or forgotten foods 

- Interviewer-based 
- Quick for participant to complete thus  small time 
burden for participant 
- No literacy required because participant can speak 
aloud what they ate to recorder 
- A face to face interview between recorder and 
participant increases the likelihood of reliable data 
- Open ended questioning means food intake patterns 
are not changed 

- Subject to memory errors 
- Subject to recall bias and misreporting, especially in 
obese participants 
- Possibility for interviewer bias and leading questions 
- Underestimation of energy intakes is common as 
portion sizes are difficult to recall and report 
- Requires trained interviewer 
- Affected by day to day variability and may not 
represent participants overall diet 

FFQ, food frequency questionnaire; QFFQ, quantitative food frequency questionnaire. 
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2.2.3 A quantitative examination of the diets of New Zealand European, Māori and Pacific 

women 

Quantitative research has demonstrated that the majority (>68%) of New Zealand women do 

not consume the recommended daily intake (RDI) of monounsaturated fat or carbohydrate, 

and approximately 16% of nutrient RDI’s are not being achieved. (Hepburn, 2014). New 

Zealand’s Ministry of Health has completed two reports that consider the nutritional adequacy 

of Māori versus non-Māori women (Ministry of Health, 2012a) and Pacific versus non-Pacific 

women (Ministry of Health, 2012b). The key findings of these studies are presented in table 

2.5. 
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Table 2.5. Differences between intakes of key macro and micro nutrients of Māori versus 

non-Māori, and Pacific versus non-Pacific women (Ministry of Health, 2012a, 2012b) 

Nutrient 
Māori women 

versus non-Māori 
women# 

Prevalence of 
inadequate 
intakes in 

Māori  
women 

Pacific versus 
non-Pacific  

women$ 

Prevalence of 
inadequate 
intakes in 

Pacific  
women 

Energy 
No statistical 

difference 
N/A More (543kcal) N/A 

Protein (% of 
energy) 

No statistical 
difference 

N/A 
No statistical 

difference 
N/A 

Fat (% of 
energy) 

More of saturated 
(1.2%) and 

monounsaturated 
(0.7%) 

N/A 
More of 

monounsaturated 
(0.7%) 

N/A 

Carbohydrate 
(% of energy) 

No statistical 
difference 

N/A 
No statistical 

difference 
N/A 

Dietary Fibre 
No statistical 

difference 
N/A 

No statistical 
difference 

N/A 

Vitamin A 
No statistical 

difference 
16.6% 

No statistical 
difference 

37.1% 

Riboflavin 
No statistical 

difference 
5.4% 

No statistical 
difference 

13.1% 

Vitamin B12 
No statistical 

difference 
12.4% 

No statistical 
difference 

20% 

Calcium 
No statistical 

difference 
71.4% Less (-152mg) 92.3% 

Zinc 
No statistical 

difference 
14.7% 

No statistical 
difference 

10.5% 

Selenium 
No statistical 

difference 
53.3% 

No statistical 
difference 

54.4% 

Iron 
No statistical 

difference 
4.8% had 
anaemia 

No statistical 
difference 

6.9% had 
anaemia 

# Compared to non-Māori women, Māori women consumed: 
$ Compared to non-Pacific women, Pacific women consumed: 
% of energy, the percentage of daily energy that is contributed by that macronutrient; Kcal, kilo calories; mg, 
milligrams.  
 

Although New Zealand’s Ministry of Health has not published results of NZE women in 

isolation, as they have for Māori and Pacific women, they do report that Māori and Pacific 

people are more prone to deficiencies (Ministry of Health, 2009). 

Differences between the nutrient intakes of Māori, Pacific and NZE women is likely due to 

different foods favoured by each ethnicity, resulting from differences in social, cultural, 

economic and physical food access (Ministry of Health, 2017). For example, Māori and Pacific 

women consume more traditional foods (i.e. puha and watercress), have reduced financial 
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access to expensive food items, and tend to live in more deprived food environments with 

increased exposure to discretionary convenience foods compared to NZE people (Metcalf et 

al., 2008). According to New Zealand survey results (Ministry of Health, 2012a, 2012b),  fewer 

Māori and Pacific women consumed the recommended number of servings of vegetables 

(11% and 22% less), choose low fat milk and milk alternatives (17% and 17% less), trim the fat 

from their meats (16% and 15% less) and choose whole grain carbohydrates (17% and 19% 

less). However, Māori and Pacific women more often consumed the discretionary versions of 

these foods such as hot chips (10% and 8% more), full cream milk and butter (20% and 22% 

more), refined carbohydrates (21% and 20% more) and ate fast food and takeaways more 

than three times per week (7% and 8% more) (Ministry of Health, 2012a, 2012b). Independent 

authors have concluded that Māori and Pacific women have diets higher in energy and 

saturated fat (Metcalf, Scragg, Tukuitonga, & Dryson, 1998), and lower in fibre and calcium 

(Metcalf et al., 2008; Metcalf, Scragg, Sundborn, & Jackson, 2014). However, not all of these 

findings are supported by the results of national health surveys as demonstrated in table 2.5 

(Ministry of Health, 2012a, 2012b). Although quantitative evidence exists as to which foods 

and nutrients are favoured by NZE, Māori and Pacific women, qualitative research regarding 

the diet quality of these ethnic groups is scarce.  

2.2.4 Qualitative dietary assessments  

Qualitative methods include any dietary assessment that does not focus on quantities or 

frequency of food and energy intake, nor attempts to quantify exact nutrient profiles of the 

diet. Qualitative methods look at overall diet quality indicators, patterns and trends that may 

underlie unhealthy or obesogenic eating patterns (Harris et al., 2009). For example, 

proportionality, moderation of discretionary foods, dietary diversity and food variety 

(Freeland-Graves & Nitzke, 2013). Understanding these dietary patterns is critical, as 

nutritional information can be communicated to the public using a ‘whole diet’ approach, 

shown to be more effective than advocating for the removal of single ‘bad’ foods or nutrients 

from the diet (Freeland-Graves & Nitzke, 2013; Nitzke et al., 2007).  Methods of qualitative 

dietary assessment include focus group discussions, meal time observations or in depth 

interviewing or qualitative surveys (Harris et al., 2009). A qualitative approach is used to 

determine a number of quality based objective scoring techniques that are commonly used in 

developed countries (table 2.6). With each scoring technique in table 2.6, an individual can 
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improve their score by consuming less discretionary foods. However, traditional DDS and FVS 

scoring systems are counts of the number of nutritious food groups and food items consumed, 

therefore consuming an abundance of discretionary foods would typically not change an 

individual’s DDS or FVS.
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Table 2.6. Description of dietary quality scoring techniques (Asghari et al., 2017; Wirt & Collins, 2009) 

Qualitative dietary 
pattern scoring 

technique 

Country of 
development and 

intended use 
Score objective Description Alternative versions 

Healthy Eating 
Index (HEI) 
(Kennedy, Ohls, 
Carlson, & Fleming, 
1995) 

Developed in the U.S for 
international use in 
developed countries 

Single diet quality score 
from zero (poor) to 100 
(excellent) that indicates 
adherence to the U.S 
dietary guidelines and 
food pyramid 

Comprises of ten components required for a 
healthy diet based on the U.S dietary guidelines. For 
each component participants can score from zero 
(poor) to ten (excellent). Components include 
appropriate energy intake, adequacy moderation 
and variety within the five major food groups of 
grains, dairy, protein foods, fruits and vegetables, 
as well as moderating discretionary nutrients 

Alternative Healthy Eating Index: Acknowledges 
healthy benefits of unsaturated fats and includes 
alcohol (McCullough & Willett, 2006) 

Diet Quality Index 
(DQI) 
(Patterson, Haines, 
& Popkin, 1994) 

Developed in the U.S for 
international use in 
developed countries 

Single score from zero 
(excellent) to 16 (poor) 
consequential risk of 
diet related disease 

Comprises of eight components based on the U.S 
dietary guidelines, with scores of zero for meets 
recommendation or two, does not meet 
recommendation. Includes six nutrient based 
scores, including saturated fat, cholesterol, protein 
salt and calcium as well as two food groups, grains, 
and fruits and vegetables 

Diet Quality Index-International: Uses 
international dietary guidelines 
(Kim, Haines, Siega-Riz, & Popkin, 2003) 
Diet Quality Index Revised: revised to reflect new 
guidelines regarding moderation of sugar and uses 
improved methods to estimate servings 
(Haines, Siega-Riz, & Popkin, 1999) 

Dietary Guidelines 
adherance Index 
(DGAI) 
(Fogli-Cawley et al., 
2006) 

Developed in the U.S for 
international use in 
developed countries 

Single score from zero 
(not compliant) to 150 
(full compliance) that 
measures compliance to 
U.S dietary guidelines 

Comprises of 15 components from diet and non-
diet related guidelines i.e. exercise, sleep. Diet 
components include vegetables, fruit, grains, 
cereals, meats, meat alternatives, lean protein, and 
reduced fat dairy as well as discretionary nutrients 
such as salt, saturated fat, alcohol and sugar 

None 

Recommended 
Food Score (RFS) 
(Collins et al., 2015) 

Developed in Australia 
for international use in 
developed countries 

Sum of recommended 
food items eaten in a 
week, from 0-23 

Comprises of count of 23 recommended foods 
including fruits, beans, specific leafy greens, starchy 
and non- starchy vegetables, lean proteins, whole 
grains, cereals, and reduced fat dairy 

‘Good’ Recommended Food Score: Score of 0-17, 
excludes poultry, potato and juices and uses 3 
month FFQ. (Collins et al., 2015) 
Not Recommended Food Score: Count of 0-21, 
includes only discretionary foods and uses three 
month FFQ. (Collins et al., 2015) 
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Qualitative dietary 
pattern scoring 

technique 

Country of 
development and 

intended use 
Score objective Description Alternative versions 

Dietary Diversity 
Score (DDS) 
(Hatløy et al., 1998) 
 

Developed using 
participants in Mali, 
Africa. Intended for use 
in resource poor 
settings such as 
developing countries 

Sum of food groups 
which are eaten from in 
the past 1-7 days with 
scores ranging from one 
(poor diversity) to nine 
(excellent diversity) 

Comprises of a count of nine food groups; staples, 
vegetables, milk, meat, poultry, fish, egg, fruits and 
green leaves 

Household Dietary Diverstiy Score: A score that 
reflects the diversity of foods available to each 
member of a household (FAO, 2011) 
Disaggregated Dietary Diversity Scores: Many 
variations exist (table 2.8) in developed countries. 
Scores comprise of a count of as many as 5-23 
different food groups, and contain culturally 
specific and discretionary food groups 

Food Variety Score 
(FVS) 
(Hatløy et al., 1998) 

Developed using 
participants in Mali, 
Africa. Intended for use 
in resource poor 
settings 

Sum of food items 
consumed in past 1-7  
days 

Comprises of food item count, where no maximum 
value exists 

None 



 
 

34 

2.3 Dietary diversity 
 

2.3.1 Dietary diversity as a diet quality assessment tool  

In a research setting, dietary diversity has recently been defined as a qualitative measure that 

reflects an individual’s or group’s access to food, and works as a proxy measure of nutritional 

adequacy (FAO, 2011). The concept of dietary diversity stems from the idea that eating a wide 

range of foods is preferable, as no single food item has all the nutrients needed to meet an 

individual’s nutritional requirements, nor prevent deficiencies (FAO, 2011). Eating a large 

range of foods has been said to be especially beneficial in developing countries, where diets 

consist of a narrow range of starchy staples and limited amounts of fruits, vegetables, and 

high quality animal proteins (Ruel et al., 2013). Because dietary diversity is often inadequate 

in developing countries, explorations into dietary diversity as a measure of diet quality began 

in Mali (Hatløy et al., 1998). 

Hatløy et al. (1998) were the first to investigate if dietary diversity and food variety are 

associated with nutritional adequacy. In their foundation study, participant’s three day food 

records were used to assess the Nutritional Adequacy Ratio (NAR) for energy (kcal) and ten 

dietary components they defined as essential within the population group; protein, fat, 

vitamin A, vitamin C, thiamine, riboflavin, niacin, folic acid, iron and calcium (Hatløy et al., 

1998). A NAR compares the recommended daily intake of a nutrient, versus actual intake (FAO, 

2011). A NAR of one would mean a participant had consumed the exact amount of the nutrient 

recommended, whereas a NAR of 1.1 would imply a slight over-consumption, and 0.9 a slight 

under-consumption. Once NAR scores are established, the average of these can be used to 

calculate each participant’s Mean Adequacy Ratio (MAR). Mean adequacy ratios can be 

defined as the ability of an individual’s diet to meet their nutritional requirements and are 

quantified by using a combination of different ‘essential nutrients’ (FAO, 2011; Hatløy et al., 

1998; Mirmiran et al., 2004; Rathnayake et al., 2012; Steyn et al., 2006).  

𝑀𝐴𝑅 =  
𝑆𝑢𝑚 𝑜𝑓 𝑁𝐴𝑅

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡𝑠
 ×  100 

Hatloy et al., (1998) found that MAR scores improved with higher food variety scores (FVS) 

and especially improved with higher dietary diversity scores (DDS). Therefore, people were 

more likely to meet their nutritional requirements if they ate a wider range of foods and ate 



 
 

35 

from a wider range of food groups. A FVS counts the number of food items eaten overall, 

whereas DDS counts the number of food groups, eaten within a predetermined period of time 

(i.e. seven days). Neither FVS nor DDS are concerned with the quantity or frequency in which 

a food is eaten. Hatløy et al. (1998) concluded that a higher DDS is more preferable than a 

higher FVS for nutritional adequacy, highlighting the importance of consuming from all food 

groups. Therefore, an individual first needs to consume from all the food groups, and 

thereafter diversity/variety within the groups may become important. Since then, many 

authors have explored the ability of DDS and FVS to predict nutritional adequacy in a range of 

population groups from both developing and developed countries, such as children (Steyn et 

al., 2006), adolescents (Mirmiran et al., 2004) adults (Arimond et al., 2010; Ogle et al., 2001; 

Oldewage-Theron & Egal, 2013; Oldewage-Theron & Kruger, 2011; Torheim et al., 2004; 

Vandevijvere et al., 2010) and older people (Rathnayake et al., 2012). Studies that have 

investigated the relationship between dietary diversity, food variety and nutritional adequacy 

are summarised in table 2.7. Table 2.7 demonstrates that despite differing populations of 

interest, food groups, techniques, and surveys, most studies supported the findings of Hatløy 

et al (1998), as higher DDS and FVS correlate to improved MAR and thus improved nutritional 

adequacy.
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Table 2.7. Summary of different populations of interest, methodology and results of studies investigating the relationship between food variety and dietary 

diversity on nutritional adequacy 

Author and 
Country 

Participant 
profile 

Method of 
dietary 

assessment 

Number of 
food items 

included 
overall 

Number of food groups included Results 

Hatloy et al. (1998) 
Mali 

Children (0-5 
years) 
n=77 

Three day 
weighed food 
record 

75 
Eight (staples, vegetables, milk, meat, fish, egg, fruits, 
green leaves) 

Mean FVS was 20.8, mean DDS was 5.8. An 
increased FVS correlated to increased MAR and 
thus nutritional adequacy (rs=0.33, P<0.001) as 
did an increased DDS (rs=0.39, P<0.001) 

Steyn et al., 2006 
South Africa 

Children (1-8 
years) 
n=2200 

24 hour recall 45 

Nine (cereals, roots and tubers, vitamin  A rich fruits 
and vegetables, other fruits, other vegetables, legumes 
and nuts, meat, poultry and fish, fats and oils, dairy, 
and egg) 

Mean FVS was 5.5, mean DDS was 3.6. Mean 
MAR was 50%. An increased FVS correlated to 
increased MAR (rs=0.73, P<0.001) as did an 
increased DDS (rs=0.66, P<0.001). Therefore 
both FVS and DDS can be used as proxy 
measures of nutritional adequacy 

Mirmiran et al 
2004 
Iran 

Adolescents 
(10-14 years) 
n=304 

2 x 24 hour 
food recall 

Used 23 
subgroups 
instead of 
individual food 
items 

Five (grain, vegetables, fruit, meat and dairy) 
Mean DDS was 6.3. An increased DDS correlated 
to increased MAR (rs=0.42, P<0.001) 

Arimond et al., 
2010. 
Burkina Faso, Mali, 
Mozambique, 
Bangladesh, 
Philipines 

Men and 
women (15-49 
years) 
n=500  
(from 5 
existing data 
sets) 

2 x 24 hour 
food recall 

Used 21 
subgroups 
instead of 
individual food 
items 

9-21 (grains, starchy staples, legumes, soy, 
milk/yoghurt, cheese, organ meats, eggs, small fish, 
large fish, red meat, poultry, insects/rodents, vitamin A 
rich green vegetables, vitamin A rich yellow/orange 
vegetables, vitamin A rich fruits, vitamin C rich 
vegetables, vitamin C rich fruits and all other 
vegetables) 

Each food group diversity measure (defined in 
eight different ways) correlated to probability of 
nutritional adequacy (rs=0.20-0.53, P<0.001) 
even when controlling for energy intake 
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Author and 
Country 

Participant 
profile 

Method of 
dietary 

assessment 

Number of 
food items 

included 
overall 

Number of food groups included Results 

Torheim 2004. 
Mali 

Men and 
women (15-45 
years) 
n=502 

QFFQ (7 day) 76 
Ten (cereals, legumes, oil and sugar fruit, vegetables, 
meal, milk, fish, eggs and green leaves 

An increased FVS correlated to increased MAR 
(rs=0.34, P<0.001) as did an increased DDS 
(rs=0.30, P<0.001). The correlations between 
MAR and food group variety were the strongest 
for vegetables and milk (rs=0.31 and rs=0.30 
P<0.001). BMI was not associated with FVS nor 
DDS 

Oldewage-Theron 
and Kruger (2011). 
South Africa 

Women from 
357 
households 
n=426 

QFFQ (7 day) 40 
Nine (cereals, legumes, flesh products, eggs, dairy, 
vegetables, fruits, vitamin A rich foods, fats) 

Mean FVS was 3.2, mean DDS was 2.8. An 
increased FVS correlated to increased MAR 
(rs=0.22, P<0.001) as did an increased DDS 
(rs=0.22, P<0.001) 

Ogle et al., 2001 
Vietnam 

Women (19-60 
years) 
n=196 

FFQ (7 day) 120 

12 including discretionary (cereals, starchy roots, green 
leafy vegetables, other vegetable, fish and seafood, 
nuts and legumes, fruit and fruit juice, oils and fats, 
sauces). 

Mean FVS was 14.2, mean DDS was 9. 
Participants with high FVS (FVS >21) and DDS 
(DDS >8) had higher overall nutrient intakes 
compared to participants with low FVS and DDS 
(FVS <15, DDS < 5 P<0.01)  

Rathnayake et al 
(2012) 
Sri Lanka 

Older men and 
Women (>60 
years) 
n=200 

24 hour recall 15 
Six (cereals/roots, vegetables, fruits, legumes/lentils, 
meat/fish/egg & milk/dairy products) 

Mean FVS was 8.4, mean DDS was 4.4. An 
increased FVS correlated to increased MAR 
(rs=0.45, P<0.001) as did an increased DDS 
(rs=0.48, P<0.001) 

n=, number of participants; FFQ, food frequency questionnaire; QFFQ, quantitative food frequency questionnaire; MAR, mean adequacy ratio; FVS, food variety score; DDS, dietary diversity score.  



 
 

38 

2.3.2 Dietary diversity and its link to anthropometric measures  

Interest in the relationship between dietary diversity and anthropometric measures (such as 

BMI, WC and BF%), largely stem from explorations into dietary diversity and children’s growth 

in developing countries. Authors found that children grew more consistently along predicted 

growth charts when dietary diversity scores were higher, even when controlling for economic 

status, maternal and paternal height and paternal education (Arimond & Ruel, 2004; Steyn et 

al., 2006). However, despite its links to child growth, there is a conflicting body of evidence as 

to whether having a varied and diverse diet protects an individual from, or contributes to, 

obesity. 

Increased dietary diversity has been associated with an increased BMI within settings where 

individuals are often dangerously underweight, such as rural poverty in developing countries 

(Mirmiran et al., 2004; Savy et al., 2005). For example,  Tehran adolescents in the highest DDS 

tertile had a BMI of 19.8kg/m2 (normal) compared to 17.2kg/m2 (underweight) as 

demonstrated by those in the lowest (Mirmiran et al., 2004). Women in the highest DDS tertile 

demonstrated 9.8% prevalence of underweight, compared to 22.8% in the lowest DDS tertile 

in rural Brazil (Savy et al., 2005). However, in settings where individuals tend to be obese (such 

as in urban poverty), increased dietary diversity has instead been associated with reduced 

BMIs (FAO, 2018). For example, women within the highest DDS quartile demonstrated a lower 

BMI in South Africa (29.3 vs. 30.7 P<0.001) (Oldewage-Theron & Egal, 2013) and a reduced 

risk of obesity in Iran (OR 0.21, P=0.03) (Azadbakht & Esmaillzadeh, 2011). These studies 

indicate that increased dietary diversity is associated with preferable BMIs (i.e. neither 

underweight nor overweight), in developing countries.  

Evidence also exists to suggest that dietary diversity may be a risk factor for obesity in 

developing counties. Authors have demonstrated that those who consume a larger variety of 

healthy foods are more likely to be obese due to either a higher daily energy consumption 

(aka; the DD-energy hypothesis) seen in Sri Lankan (Jayawardena et al., 2013), Brazilian 

(Bezerra & Sichieri, 2011) and Bolivian adults (Bénéfice et al., 2007), or the tendency to 

consume an equally varied intake of discretionary foods (aka; the DD-discretionary 

hypothesis) seen in Mexican adults (Ponce et al., 2006). 
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Despite a growing body of evidence, many authors debate the existence of an obesity-DD link. 

For example, there was no significant difference in BMI between participants with the highest 

and lowest DDS in poverty stricken South America, (Savy et al., 2008) Asia (Gregory et al., 

2008; Kimura et al., 2009; Lee et al., 2011) nor Africa (Ajani, 2010; Hasan-Ghomi et al., 2012; 

Mayega et al., 2012). However, authors who are unable to find an association between DDS 

and BMI, WC or BF%, did not include discretionary food items or groups in their analyses. By 

not including discretionary foods, authors exclude a wide range of foods that have been 

demonstrated to contribute to 27% of energy intakes in developing countries such as Mexico 

(Aburto et al., 2016) and 40% of the diet in developed countries such as Australia (Johnson et 

al., 2017), therefore ignoring a significant portion of the dietary intake which may influence 

body composition.  

Studies that investigate an obesity-DD link within developed countries are scarce, however as 

per the findings of developing countries, results are conflicting. Authors have found that 

compared to participants in the lowest tertile of DDS, participants within the highest DDS 

quartile were less likely to have an obese BMI by 55% (P=0.009) (Vadiveloo, Dixon, Mijanovich, 

Elbel, & Parekh, 2014), 51% (P=0.009) (Abris et al., 2018), or had a significantly lower average 

BMI (24.8 vs. 26.0, P<0.001) (Kant & Graubard, 2005), indicating that higher DDS is associated 

with reduced obesity. Despite these findings, some of the earliest cross sectional 

investigations on the topic concluded increasing diversity was associated with an increased 

risk of obesity (Rolls & Hetherington, 1989). Since then, further authors have demonstrated 

that having a higher DDS is associated with increased energy intakes and thus the risk of being 

overweight in urban Chinese men (OR 1.09, P<0.05) (Tian et al., 2017) and adults in the U.S 

(Foote et al., 2004; McCrory et al., 1999), therefore supporting the DD-energy hypothesis of 

obesity. It is notable that the correlation between a higher DDS and a higher BMI (P<0.001) 

has also been established when energy intake is controlled for (Bernstein et al., 2002; Tian et 

al., 2017).  

Evidently, there is a lack of consensus as to whether DDS is positively or negatively associated 

with BMI and obesity. It may be that the anthropometric effect of a diverse diet depends on 

the types of foods being eaten, and whether it is nutritious or instead discretionary (Abris et 

al., 2018; Aburto et al., 2016; de Oliveira Otto et al., 2015; Foote et al., 2004; McCrory et al., 

1999). For example, vegetable and legume intakes contribute to only 5.7% and 3.8% of energy 
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intake in Mexico (controlling for socio-economic status), even when dietary targets of five 

servings a day are achieved (Aburto et al., 2016). Perhaps unsurprisingly, consuming an 

increased variety of vegetables correlates significantly to a lower BMI (Abris et al., 2018; 

Aburto et al., 2016; McCrory et al., 1999) and a 49% lower risk of an obese BMI (OR 0.61, 

P=0.03) (Azadbakht et al., 2006). The same can be said for consuming a wide variety of 

legumes (OR 0.67, P<0.001) (Aburto et al., 2016). Conversely, consuming a variety of 

discretionary foods such as sweets and low quality carbohydrates was associated with an 

increased BMI (de Oliveira Otto et al., 2015; McCrory et al., 1999) and increased energy and 

saturated fat intake (Ponce et al., 2006) thus supporting the DD-discretionary hypothesis of 

obesity. However, discretionary foods cannot be the only contributing factor within a possible 

obesity-DD link as many authors who do not include discretionary foods in their analysis have 

still found dietary diversity to be associated to a higher BMI or BF% (Bernstein et al., 2002; 

Foote et al., 2004; Tian et al., 2017). The results of studies that consider the obesity-DD link in 

developed countries are further summarised in table 2.8.
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Table 2.8. Summary of different populations of interest, methodology and results of studies investigating the relationship between dietary diversity and 

food variety on obesity and weight outcomes in developed countries 

Author 
(controls used) 

Participant 
profile 

Method 
of D.A 

# of food groups  
Disc- food 

groups 
included 

Indices of  DD 
or FV used 

Results Conclusions 

Kant et al., 
1993. 
(Age) 
 

Men and 
women 
(<20 years) 
in the U.S 
n=10,406 

24 hour 
recall 

Five (dairy, meat, 
grains, fruits, 
vegetables) 

✖ 

DDS as a count 
of food groups 
consumed 

Women in the highest quintile of DDS (DDS 
= 5) were 21% more likely to demonstrate a 
normal BMI, compared to the lowest who 
were more 8% more likely to have an obese 
BMI (P=0.003). No significant results were 
demonstrated for men. 

Increased DDS within nutritious 
food groups is associated with a 
reduced risk of obesity in 
women.  

Kant et al., 
2005 
(Age, ethnicity, 
smoking, alcohol, 
energy intake, 
exercise, dieting 
status, 
education) 
 

Men and 
women 
(>20 years) 
in the U.S 
n=8719 

24 hour 
recall 

Five (dairy, meat, 
grains, fruits, 
vegetables 

✖ 

DDS as a count 
of food groups 
consumed 

Participants within the highest quartile of 
DDS (DDS=4-5) demonstrated a significantly 
lower average BMI (24.8kg/m2) compared 
to the lowest quartile of DDS (DDS=0-1, 
26.0kg/m2, P<0.001). 

A higher DDS is associated with 
a healthier BMI (i.e. not 
overweight or obese) more so 
than a lower DDS. Therefore 
consuming from a wider range 
of healthy food groups is 
protective of obesity.  

Abris et al. 
2018 
(Energy intake, 
age, place of 
residence, 
employment, 
parity, 
breastfeeding) 

Women 
(>19 years) 
in urban 
South Korea 
n=402 

24 hour 
recall 

11 (grains/ tubers, 
red meat, poultry, 
fish, other seafood, 
legumes/seeds/nuts, 
egg, dairy, leafy 
vegetable, other 
vegetables, fruits) 

✖ 

DDS and FVS 
(called variety 
count) as a 
count of food 
groups and 
consumed 

A higher DDS was inversely associated with 
the risk of abdominal obesity measured by 
WC (OR 0.49, P=0.009) and general obesity 
measured by BMI (OR 0.47, P=0.008). A 
higher FVS within vegetable and poultry 
groups was associated with a 49% (P=0.005) 
and 50% (P=0.003) lower risk of general 
obesity respectively. 

Increased DDS within nutritious 
food groups (in particular 
vegetables and poultry) is 
protective of general and 
abdominal obesity even when 
controlling for energy intake. 
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Author 
(controls used) 

Participant 
profile 

Method 
of D.A 

# of food groups  
Disc- food 

groups 
included 

Indices of  DD 
or FV used 

Results Conclusions 

Vadiveloo et al. 
2015 
(Energy intake) 

Men and 
women 
(>20 years) 
in the U.S 
n=7470 

Two x 24 
hour 
recall 

17 (whole grains, 
trim milk, vegetables 
(green, red/orange, 
starchy, legumes, 
other), fruits, 
nuts/seeds, seafood, 
oil, meat, poultry, 
eggs, refined grain, 
solid fat, added 
sugar) 

✔ 

FVS measured 
using the U.S 
HFD index. 
Participants are 
given a score 
between zero 
and one. One = 
consumes a 
higher # of 
healthful foods  

Among women, the odds of having an 
obese range BMI and android-to-gynoid fat 
ratio and fat mass index were 35-55% lower 
in the highest quintile of FVS score 
compared to the lowest (P<0.001) 

Higher FVS was inversely 
associated with a range of 
anthropometric measures, 
which indicates that consuming 
a wider range of healthy foods 
protects against obesity 

Foote et al., 
2004 
(Energy intake, 
age, education, 
BMI, ethnicity) 

Men and 
women 
(>19 years) 
in the U.S 
n=9769 

24 hour 
recall 

Five (dairy, fruit, 
vegetables, grains, 
meat/protein) 

✖ 

DDS (called 
food group 
intakes) and 
FVS (called 
dietary variety 
count) as 
counts of food 
groups and 
items eaten 

Increased DDS and FVS positively correlated 
to energy intake (both P<0.001) 

Increased DDS and FVS predicts 
higher energy intakes and thus 
predicts obesity 

Tian et al. 
2018 
(Energy intake, 
income, exercise, 
marital status, 
age, education, 
smoking, alcohol, 
urban/rural) 

Men and 
women (18-
65 years) in 
urban China 
n=17825 

24 hour 
recall x 
three 
days 

Six (grains, dairy, 
vegetables, fruit, 
meat and beans) 

✖ 
DDS as a count 
of food groups 
consumed 

There was a positive association between 
higher DDS and the likelihood of a 
participant having an overweight (but not 
obese) BMI (OR 1.09, P<0.05) in men but 
not women 

An increased DDS increases the 
likelihood for an overweight 
(but not obese) BMI in men, 
even when controlling for 
energy intake 
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Author 
(controls used) 

Participant 
profile 

Method 
of D.A 

# of food groups  
Disc- food 

groups 
included 

Indices of  DD 
or FV used 

Results Conclusions 

Bernstein et al. 
2002 
(Age, BMI, energy 
intake) 

Elderly men 
and women 
(72-98 
years) in 
the U.S 
n=98 

Three day 
weighed 
food diary 

Two (fruits and 
vegetables, other) ✖ 

FVS as count of 
food items 
consumed 
(called dietary 
variety scores) 

There was a significant positive correlation 
between a higher DDS and a higher energy 
intake (rs=0.44, P<0.001) and BMI (rs=0.34, 
P<0.001) and thus reduced frailty in women. 
There was no significant correlation 
between FVS, energy intake and BMI in men 

Increased FVS predicts higher 
energy intake and BMIs in frail 
older women, thus increased 
DDS is associated with a 
reduced risk of all-cause 
mortality in older adults 

McCrory et al., 
1999 
(Age and sex) 

Men and 
women (20-
80 years) in 
the U.S 
n=71 

FFQ (six 
months) 

Ten (breakfast, 
lunch, dinner, 
entrees, sweets 
snacks, condiments, 
fruit, vegetables, 
energy containing 
beverages, dairy)  

✔ 

FVS (called 
dietary variety) 
calculated as a 
percentage of 
food items 
consumed 
within each 
food group 

There was a significant positive correlation 
between FVS and energy intake both overall 
(rs=0.32, P <0.05) and within each individual 
food group (rs=0.27–0.56, P< 0.05). 
Discretionary food FVS (namely; sweets, 
snacks, sauces, entrées) demonstrated a 
positive correlation to BF% (rs=0.38, 
P<0.001). Vegetable FVS demonstrated a 
negative correlation to BF% (rs=0.31, 
P<0.001) 

Higher FVS predicts an 
increased energy intake, within 
both nutritious and 
discretionary food groups. 
Increased FVS within groups 
only predicts increased BF% 
when food variety is within 
discretionary food groups 

 
De Oliveira 
otto et al., 2015 
(Age, sex, 
ethnicity, 
education, 
physical activity, 
BMI, cholesterol, 
T2DM) 

Men and 
women (45-
84 years) in 
the U.S 
n=5160 

FFQ (one 
year) 

N/A ✔ 

FVS as a count 
of food items, 
‘dissimilarity’ of 
food items and 
‘evenness’ of 
food items 
spread 
between food 
groups 

Participants in the highest quintile of overall 
food dissimilarity demonstrated a 120% 
higher risk of a WC >80cm (i.e. obese) 
compared to the lowest quintile (P<0.01). 
There was no significant difference in WC 
between the highest and lowest quintiles o 
FVS, evenness or dissimilarity when 
considering only healthy foods 

Increased food dissimilarity 
across the diet (i.e. consuming 
a wider variety of foods) is 
positively associated with an 
obese WC, as the result of an 
associated increase in 
discretionary food intake 

n=, number of participants; D.A, dietary assessment; #, number; disc-, discretionary; DD, dietary diversity; FV, food variety; DDS, dietary diversity score; FVS, food variety score; FFQ, food frequency questionnaire; BMI, body mass 

index; WC, waist circumference; N/A, not applicable; T2DM, type two diabetes mellitus. All studies are cross-sectional. Green = study concluded that increased dietary diversity and/or food variety negatively associated with obesity. 

Red = study concluded that increased dietary diversity and/or food variety positively associated with obesity. Orange = study concluded that the direction of the association between dietary diversity, food variety and obesity depends 

on the types of foods consumed (i.e. nutritious or discretionary).
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2.3.3 Measuring dietary diversity 

As discussed, original explorations into dietary diversity commonly relied on collecting food 

records, food frequency questionnaires and 24 hour dietary recalls (table 2.6), and then using 

these to determine an individual’s DDS and FVS. In an attempt to standardise and simplify the 

process of measuring DD,  dietary diversity questionnaires (DDQ) have been developed (FAO, 

2011). A DDQ has a list of foods and asks participants (with the help of an assessor in the case 

of illiteracy), to tick whether they have or have not consumed a food over a certain reference 

period (i.e. previous 24 hours) (FAO, 2011). By not requiring exact proportions or 

measurements, the DDQ is not as strongly subjected to recall bias and memory error as 

assessment methods such as the FFQ or 24 hour food recall (Thompson et al., 2015). Due to 

differences in cultural food practices and scientific opinion, many versions of the DDQ exist. 

What is most critical is that each DDQ is first validated in the population of interest (Ruel, 

2003a). To validate a DDQ, it must be tested against multiple participant food records and 

dietary analysis to ensure it contains all of the foods commonly consumed within a population 

group, and that a higher DDQ score reliably predicts higher nutritional adequacy (FAO, 2011). 

Alongside proper validation, the FAO (2011) advocates for better standardisation of DDQs, in 

order for the DDS and FVS to provide a comparable, valid and reliable reflection of nutritional 

adequacy across multiple settings. 

The measurement of dietary diversity can differ between developing and developed 

countries. When exploring dietary diversity in a developing country, where diverse intakes are 

uncommon, a typical DDQ contains foods sorted into nine nutritious food groups, namely; 

starchy staples, dark leafy green vegetables, other vitamin A-rich fruits and vegetables, other 

fruits and vegetables, organ meat, meat and fish, eggs, legumes nuts and seeds, and milk and 

milk products (table 2.7). However, within a developed country, the food environment 

contains an abundant and highly accessible range of both nutritious and discretionary foods, 

thus eating at least one food from all main food groups is common. Therefore, when using a 

typical DDQ in developed nations, most people would achieve a very high DDS, regardless of 

their nutritional status. Developed world DDQ’s require further disaggregation of the original 

nine food groups, and a deeper exploration into the number of food items consumed within 

each group to truly capture the diversity and variety of the diet. Authors of recent meta-

analysis have recommended that future authors consider disaggregating food groups (to as 
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many as 25, outlined in their article), and consider overall FVS and within food group FVS, to 

better understand the vast range of food items consumed (Salehi-Abargouei et al., 2016). 

Furthermore, it is recommended that discretionary food groups are included in the analysis, 

as they comprise a significant portion of the developed world diet (Arimond et al., 2010; 

Salehi-Abargouei et al., 2016). For example, using these suggestions, a group such as (a) milk 

and milk products used in a developing world DDQ, may be disaggregated to (a) milk (b) 

cheese, (c) yoghurt and (d) discretionary dairy in a developed world DDQ.  

Even when considerations are made to ensure that a DDQ is appropriate for a developed 

setting, challenges arise. For example, in a country where multiple cultures and food practices 

exist, a single standardised survey may be able to capture most, but possibly not all, of the 

food items consumed (Metcalf et al., 2008). If participants are consuming items outside of the 

DDQ, their calculated FVS score may underestimate the food variety in their diet, which 

weakens the relevance of their FVS (FAO, 2011). Therefore, DDQs in developed settings may 

benefit from an “other” section where participants can add foods that were not captured in 

the survey, and may require continuous reassessment to adapt the survey in line with 

changing food trends. Next, the results of DDQs become increasingly challenging to interpret 

when the original nine food groups used to calculate DDS are disaggregated further. For 

example, each original food group provides a rich source of an essential nutrient (i.e. milk and 

milk products provides calcium), thus omitting the food group negatively impacts your 

nutritional status (Hatløy, Hallund, Diarra, & Oshaug, 2000; Torheim et al., 2004). However, 

when food groups are further disaggregated excluding some food groups (i.e. discretionary 

food groups) may be beneficial for health and must be considered separately to nutritious 

groups, and omitting calcium rich groups such as ‘cheese’, may not be detrimental to nutrition 

status if still consuming from groups such as ‘milk’. Finally, comparing the results of different 

studies within this field of research is challenging, as classifying foods (especially discretionary 

foods) is subjective and differs between authors, as some foods (for example; nuts), can be 

considered both nutritious and discretionary depending on preparation method (Salehi-

Abargouei et al., 2016).  

In New Zealand, a DDQ has recently been developed and validated within a subgroup of NZE, 

Māori and Pacific women of childbearing age (Hepburn, 2014). In accordance with the 

recommendations of Arimond et al. (2010) and Salehi-Abargouei et al. (2016) this DDQ was 
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disaggregated to 26 groups. The groups include discretionary food groups that are high in 

saturated fats, sugars and energy - such as; discretionary cereals, breads, starchy vegetables 

(i.e. fries), dairy (i.e. ice cream) and flesh foods (i.e. bacon), as well as sweet and savoury snack 

groups, takeaways, sauces, spreads, flavourings and alcohol. Much like the original 

investigations into dietary diversity, food variety and nutritional adequacy, Hepburn (2014) 

found significant positive correlations between the women’s MAR and their DDS – however, 

the same strength correlation was not seen with an increasing FVS. Similar to Hatløy et al., 

(1998), Hepburn (2014) concluded that in New Zealand women, omitting food groups was 

more detrimental to nutritional status than low food variety overall. 

2.4 Gap in the research 
 

In New Zealand, obesity has become an epidemic, and most dietary research focuses on 

quantitative assessment methods that do not consider the ‘whole diet’ nor explore overall 

diet quality. Historically, explorations into dietary diversity (as a diet quality measure) mostly 

take place in developing nations, where intakes are limited to starchy staples and dietary 

deficiencies are common. Because of the link between dietary diversity and nutritional 

adequacy, consuming a diverse diet can help an individual avoid dietary deficiencies, however 

the relationship between dietary diversity and chronic lifestyle diseases such as obesity is not 

well established. There are multiple barriers to investigating the obesity-DD link in a 

developed setting, such as the enormous variety of foods available, and the abundance of 

discretionary foods. Thus, investigations into the consequences of dietary diversity on obesity 

in developed nations are scarce, and are in disagreement as to whether dietary diversity is 

positively or negatively associated with obesity. Exploring new ways to assess the dietary 

quality of reproductive age women is critical, as they are more likely to be obese than men of 

the same age, often bear children, and appear to suffer more so from the poor psychological 

and social outcomes related to obesity (i.e. anxiety, depression, discrimination, ostracism). 

There is currently no research that explores dietary diversity or food variety as a risk factor for 

obesity in New Zealand women, or how this might differ between ethnicities. 
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Chapter Three: 

Research study manuscript 

3.1 Abstract 
 

Eating a diverse diet improves diet quality and nutritional adequacy, but may be higher in 

energy and discretionary foods, which are associated with obesity. We aimed to utilise a newly 

validated dietary diversity questionnaire (DDQ) to explore the dietary diversity and food 

variety of New Zealand European, Māori and Pacific women and how dietary diversity and 

food variety may link to different body composition profiles (BCPs). 

Women’s (n=235) waist circumference, body mass index and body fat percentage (BF%) was 

used to categorise them into one of three BCP groups (normal-fat, hidden-fat, apparent-fat). 

Dietary intake was assessed using a Food Frequency Questionnaire (energy and nutrients), 

alongside a validated DDQ, which assessed participants’ dietary diversity and food variety 

scores (DDS and FVS). 

Dietary diversity was high (88%, 22/25) whilst food variety was comparatively low (31%, 

78/237), especially within carbohydrates, fruits, vegetables and seafood. Overall, DDS and 

nutritious-DDS was lower for Pacific participants (P<0.005), whilst discretionary-FVS was 

higher for Māori and Pacific participants (both P<0.001). Regarding obesity, nutritious-DDS 

was higher in participants with a non-obese BMI (P=0.024) and BF% (P=0.029), compared to 

obese participants. Both DDS and N-DDS negatively correlated to WC and BF% (P<0.005). 

Participants in the highest tertile of DDS and nutritious-DDS had a lower WC (P=0.015, 

P<0.001), BMI (P=0.048, P=0.004), and BF% (P=0.002, P=0.011), despite consuming more 

energy (P=0.016). We were unable to demonstrate any significant anthropometric differences 

between tertiles of discretionary DDS nor discretionary FVS.  

Our results support previous prospective studies, showing that consuming an increased 

variety of nutritious foods is associated with a reduction in female obesity, possibly more so 

than omitting discretionary foods. Health promotion should encourage exchanging rather 

than excluding, discretionary foods.  

Key words: Dietary diversity, food variety, diet quality, New Zealand women 
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3.2 Introduction 

 

Globally, one in every five deaths can be attributed to a poor quality diet (Gakidou et al., 

2017). For the best health outcomes, emerging research encourages us to focus on the quality 

of the ‘whole diet’, instead of excluding or including single foods (Asghari et al., 2017; 

Freeland-Graves & Nitzke, 2013; Nitzke et al., 2007). Eating a diverse diet is an important 

factor of diet quality and is recommended by respected health agencies (Ministry of Health, 

2015a; World Health Organisation, 2018a), however there is no consensus as to whether 

dietary diversity is detrimental, beneficial or irrelevant in the battle against obesity. The 

prevalence of obesity has reached epidemic levels, with 600 million people obese globally, 

390 million of which are women (World Health Organisation, 2017, 2018b). Obesity has 

detrimental physical and mental health repercussions such as heart disease, stroke, arthritis, 

type two diabetes, cancers, depression and anxiety (Ministry of Health, 2008, 2015b). In New 

Zealand more than half of child-bearing aged women are classified as overweight or obese, 

which is significantly more than men of the same age (Ministry of Social Development, 2016). 

Furthermore, a recent pilot study has suggested that as many as 21% of New Zealand women 

are not recognised as obese, but have hidden fat, which holds metabolic risks comparable to 

apparent obesity (He et al.; Padwal et al., 2016; Pischon et al., 2008; Sahakyan et al., 2015; 

Zhang et al., 2008). To date, no studies have considered the role dietary diversity, as an 

uncomprehend factor of diet quality, may play in New Zealand’s female obesity crisis. 

Dietary diversity is a qualitative measure of diet quality that considers two factors; dietary 

diversity (the count of food groups eaten, termed the dietary diversity score [DDS]) and food 

variety (the count of food items eaten, termed the food variety score [FVS]) (Ruel, 2003b). 

Dietary diversity was first explored in the developing world, where intakes are limited to a 

narrow range of starchy staples (Hatløy et al., 1998). Using the results from a dietary diversity 

questionnaire (DDQ), researchers demonstrated that combined DDS and FVS predicted 

nutritional adequacy as accurately as a weighed food record (Hatløy et al., 1998), without the 

need for high participant literacy, trained researchers and quantitative assessment (which is 

commonly influenced by bias and misreporting (Biro et al., 2002; Harris et al., 2009). Since, 

increased DDS and FVS scores have been linked to improved nutritional adequacy and lower 

rates of preventable disease across a range of population groups, such as children (Steyn et 
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al., 2006), adolescents (Mirmiran et al., 2004) adults (Arimond et al., 2010; Fernandez et al., 

1996; Foote et al., 2004; Kant, 2004; Kant & Graubard, 2005; Kant et al., 1993; Nicklas, 

Baranowski, Cullen, & Berenson, 2001; Ogle et al., 2001; Oldewage-Theron & Egal, 2013; 

Oldewage-Theron & Kruger, 2011; Torheim et al., 2004; Vandevijvere et al., 2010) and older 

people (Rathnayake et al., 2012). 

The role that dietary diversity plays in obesity is uncertain. In developing countries, dietary 

diversity is linked to reduced body mass index (BMI) (Azadbakht & Esmaillzadeh, 2011; 

Oldewage-Theron & Egal, 2013), increased BMI (Bénéfice et al., 2007; Bezerra & Sichieri, 2011; 

Jayawardena et al., 2013; Ponce et al., 2006), or no change in BMI (Ajani, 2010; Gregory et al., 

2008; Hasan-Ghomi et al., 2012; Kimura et al., 2009; Lee et al., 2011; Mayega et al., 2012; Savy 

et al., 2008). In developed countries, the concept of an obesity-dietary-diversity (obesity-DD) 

link is again not robust, as research demonstrates that in regards to obesity, dietary diversity 

can be positive (Bernstein et al., 2002; Foote et al., 2004; Tian et al., 2017), detrimental (Abris 

et al., 2018; Kant, 2004; Kant & Graubard, 2005; Kant et al., 1993), or irrelevant (Salehi-

Abargouei et al., 2016). Authors who find a link between increased dietary diversity and 

obesity, often attribute it to either an accompanying increase in energy intake (hereby termed 

the DD-energy hypothesis) (Azadbakht & Esmaillzadeh, 2012; Bernstein et al., 2002; Foote et 

al., 2004; McCrory et al., 1999) or an accompanying increase in discretionary food intake 

(hereby termed the DD-discretionary hypothesis) (Azadbakht & Esmaillzadeh, 2011; 

Azadbakht et al., 2006; Ponce et al., 2006). Discretionary foods (i.e. biscuits, chips and 

chocolate), do not fit into the five healthy food groups (fruits, vegetables, dairy, whole grains 

and protein foods) (Australian Government, 2013). Consuming a wide range of discretionary 

foods means the diet is more diverse, however, it is also high in discretionary nutrients (i.e. 

saturated fat, and added sugars) and is associated with obesity (Aburto et al., 2016; Cohen et 

al., 2010; Guenther et al., 2008; Johnson et al., 2017; McCrory et al., 1999; Nitzke et al., 2007). 

The findings of previous obesity-DD research are difficult to interpret and compare. Firstly, 

there is no consensus as to whether discretionary foods should be included within dietary 

diversity studies, as some authors do (de Oliveira Otto et al., 2015; McCrory et al., 1999) whilst 

others do not (Abris et al., 2018; Bernstein et al., 2002; Foote et al., 2004; Kant & Graubard, 

2005; Kant et al., 1993; Tian et al., 2017). Secondly, it is challenging for a DDQ to validly capture 

the enormous variety of foods available in a first world setting, as experts suggest as many as 



 
 

50 

21 food groups (compared to the original nine) may be required (FAO, 2011; Salehi-Abargouei 

et al., 2016). Finally, each study measures obesity differently, whether by body fat percentage 

(BF%) (Abris et al., 2018; McCrory et al., 1999), waist circumference measurements (WC) (de 

Oliveira Otto et al., 2015), or, most frequently using BMI (Bernstein et al., 2002; Kant, 2004; 

Kant & Graubard, 2005; Tian et al., 2017). Though the most commonly relied on obesity 

measure, BMI has limitations when used in a multicultural setting such as New Zealand. For 

example,  BMI does not consider ethnic differences in frame and weight (Huxley et al., 2010; 

World Health, 2000) thus BMI may overestimate the BF% in Māori and Pacific individuals (Rush 

et al., 1997; Rush et al., 2003; Swinburn et al., 1996), however altering the Māori and Pacific 

BMI cut-off points may reduce the sensitivity of the measure and is not appropriate either 

(Taylor et al., 2010). Furthermore, BMI is unable to detect hidden obesity (normal BMI but 

high BF%), seen most frequently in New Zealand European (NZE) women (Kruger et al., 2015).  

The current study had three main objectives, (1) to investigate dietary diversity and food 

variety of childbearing aged New Zealand NZE, Māori and Pacific women, (2) to explore the 

relationship between dietary diversity and different body composition profiles within these 

same women and (3) to examine the relationship between dietary diversity and obesity, all 

using a newly validated DDQ, which includes discretionary food items (Hepburn, 2014).  
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3.3 Methods 

 

3.3.1 Study design 

The current investigation is a sub-study using anthropometric, food frequency questionnaire 

(FFQ) and DDQ data collected during the Women’s Examining Predictors Linking Obesity 

Related Elements (EXPLORE) study (Kruger et al., 2015). The EXPLORE study investigated the 

relationship between different body composition profiles (BCPs) and chronic diseases of 

metabolic dysregulation of women in Auckland, New Zealand. Recruitment took place 

between August 2013 and December 2014, at Massey University’s Albany Campus.  

3.3.2 Ethical approval 

Ethical approval was obtained from the Massey University Ethics Committee in 2013: Southern 

A, Application 13/13 (Kruger et al., 2015). All participants were required to complete a written 

informed consent before participating.  

3.3.3 Participants and Recruitment 

To participate in the EXPLORE study (Kruger et al., 2015), participants needed to be female, 

identify ethnically as NZE, Māori or Pacific, be post menarche (for one year) and pre-

menopausal, not pregnant, breastfeeding or dieting and have no chronic diseases. The 

EXPLORE study aimed to recruit 225 women per ethnic group, to provide 80% power at a 

significant level P<0.05 to detect a medium effect size f of 0.25. Participants were recruited in 

Auckland, New Zealand using advertising via media sources such as Facebook, Twitter, 

newspapers, magazines, websites and radio. Posters were placed in locations such as 

kindergartens, schools, gyms and libraries. Details of the study were also emailed to those on 

the Massey University staff and student email list. Recruitment methods were also adapted 

to be culturally appropriate for Māori and Pacific participants within their respective 

communities. For the subsample used in the current study, participants needed to have 

completed both an FFQ and DDQ.  

3.3.4 Data collection 

The EXPLORE study (Kruger et al., 2015)  required eligible and willing participants to visit 

Massey University’s Albany campus, fasted for at least two and a half hours. Participants 

underwent a series of tests, performed by trained research assistants. Waist circumference 

was measured according to the International Society for the Advancement of 
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Kinathropometry protocol (Marfell-Jones, Stewart, & De Ridder, 2012). Air Displacement 

Plethsmography was used to measure fat mass (BF%) and lean mass (BodPod Life 

Measurement Inc, Concord CA, with software V4.2+). Duel X-ray absorptiometry (DXA) was 

used to measure regional adiposity (Hologic QDR Discovery A, Hologic Inc, Bedford, MA with 

software APEX V.3.2)    

On site, participants completed a 220 item semi quantitative FFQ validated in New Zealand 

women (New Zealand Women’s FFQ [NZWFFQ]) (Beck et al., 2018). Participants were asked 

to tick the option which best described their usual intake of the food item over the previous 

month (see appendix A for full NZWFFQ). The survey was completed on SurveyMonkey.  

Six days after their testing session, participants were emailed a SurveyMonkey link to 

complete the validated DDQ (Hepburn, 2014) at home. Those without reliable internet access 

received a printed copy of the DDQ, along with a return postage-paid envelope. The DDQ is a 

list of 237 food items (143 nutritious, 94 discretionary). Participants were asked to tick if they 

had consumed (or not) each food over the past seven days (see appendix B for full DDQ). Each 

food item belonged to a food group that was based on its main ingredient, for example, fruit 

yoghurt was considered a dairy product. The survey contained all commonly eaten foods in 

New Zealand, including traditional Māori and Pacific foods.  

3.3.5 Data processing and analysis  

Participant information 

To evaluate misreporting within the NZWFFQ, we compared reported energy intake to 

estimated energy expenditure using the Goldberg method. In accordance with the revised 

Goldberg cut offs outlined by Black (2000), we utilised SDmin and SDmax values of -2 and +2 for 

95% lower and upper confidence intervals respectively, with an S factor of 17.24, and a d of 

infinity. Energy expenditure was estimated using the Schofield equation, with a physical 

activity level (PAL) of 1.55 (the World Health Organisation (1985) value for ‘light activity’). A 

PAL of 1.55 is commonly used in the Goldberg method when physical activity levels are 

unknown within disease free adults (Black, 2000; Goldberg et al., 1991) and was used during 

the validation of our DDQ (Hepburn, 2014). Participants who were highlighted as possible 

misreporters were not removed from the current study, as it has been previously 
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demonstrated that this is not imperative when examining diet quality and 

obesity (Malinowska, Mlodzik-Czyzewska, & Chmurzynska, 2019). 

Participant socioeconomic status (SES) was calculated by checking participants’ address using 

the New Zealand Index of Deprivation (NZDEP) (Ministry of Health, 2013b). The NZDEP scores 

allocate each suburb from one (least deprived) to ten (most deprived), based off factors such 

as average income and employment rates.  

Anthropometry 

Participants were categorised into three different BCP groups (BCPGs) as per EXPLORE 

protocol: normal-fat (BMI <25kg/m2 and BF% <30%); hidden-fat (BMI <25kg/m2 and 

BF%>30%); apparent-fat (BMI >25kg/m2 and BF% >30%) (Kruger et al., 2015). Four participants 

had BF% <30%, but BMIs >25, indicating a heavy bone or lean muscle mass. These participants 

were categorised as normal. Participants were also categorised into obese and non-obese 

groups based on World Health Organisation (1995) cut off points for obese BF% and BMI 

(>35% and >30kg/m2 respectively). 

NZWFFQ 

The data from the NZWFFQ was entered manually into FoodWorks version 7 (Xyris Software, 

2012) by trained professionals. FoodWorks utilises the New Zealand Food Composition 

Database (NZ, FOODfiles 2010) developed by New Zealand Plant and Food Research to 

determine energy and nutrient intakes. 

DDQ 

The results of the nutritional analysis (as gathered from FoodWorks) and DDQ (scores) were 

imported into Microsoft Excel. Using the results of the DDQ, the following scores were 

calculated for each participant; dietary diversity score (DDS) (count of overall food groups 

consumed), nutritious dietary diversity score (N-DDS) (count of nutritious food groups 

consumed), discretionary dietary diversity score (D-DDS) (count of discretionary food groups 

consumed), food variety score (FVS), (count of overall food items consumed), nutritious food 

variety score (N-FVS) (count of nutritious food items consumed) and discretionary food variety 

score (D-FVS) (count of discretionary food items consumed), as well as the discretionary food 
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ratio (D-FR) (the percentage of food items consumed that is discretionary compared to overall 

FVS). 

From the original nine food groups, food groups were disaggregated to a final 25 (16 

nutritious, nine discretionary). Food groups were meat; poultry; fish and seafood; eggs; 

nutritious dairy products; cheese; breads; cereal; starchy vegetables; vitamin A rich fruit and 

vegetables (F&V); vitamin C rich F&V; other vegetables; other fruits; legumes; nuts and seeds; 

oils and fats; discretionary meat; discretionary dairy products; discretionary breads cereals 

and starchy vegetables; drinks; alcohol; sauce, spreads and flavourings; savoury snacks; sweet 

snacks; and takeaways and fast food. An additional group was created called sugar-sweetened 

beverages, where non caloric drinks were removed from the drinks group (diet soft drinks, 

black tea, black coffee, herbal tea). Vitamin A rich F&V are produce with more the 100ug of 

vitamin A equivalents per cup, vitamin C rich F&V have more than 30mg of ascorbic per cup. 

Fruits and vegetables that were rich in both vitamin A and C were considered vitamin A rich.  

3.3.6 Statistical analysis 

All data was imported into IBM SPSS 24 (SPSS Inc., Chicago, IL, USA). All variables were tested 

for normality, both overall and segregated by ethnicity and BCPG, using Kolmogorov-Smirnov, 

Shapiro-Wilk tests and normality plots. The Levene’s test was used to examine the 

homogeneity of variance. Data that was not normally distributed was log transformed, and 

retested for normality. Data that remained not normal, was reported as medians with 25th 

and 75th centiles. Normally distributed data (height) was presented as means ± standard 

deviation. The Kruskal-Wallis tests were used to examine differences between non-parametric 

medians between ethnicities and BCPG and tertile of diversity and variety scores, with the 

exception of height, which was explored using a two tailed independent t-test. Significant 

Kruskal-Wallis P values were followed up with Mann-Whitney tests, with a Bonferroni 

correction of P<0.0167, to examine differences between groups. Frequency measures were 

used to determine the most popular twenty foods of each subgroup. Of the anthropometric 

data collected by EXPLORE (Kruger et al., 2015), WC (rs=0.895)  BF% (rs=0.912)  and BMI 

(rs=0.786) demonstrated the strongest correlations to truncal fat measured by DXA (all 

P<0.001), thus were the focus of the analysis. Spearman’s two tailed partial correlation 

coefficients were used to examine relationships between variables, controlling for age, 

ethnicity and SES.   
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3.4 Results 
 

3.4.1 Participant profile 

Despite all three BCPG groups (BCPGs) in all ethnicities being actively recruited, most of the 

final participant sample were NZE (n=141) (figure 3.1). More NZE participants were within the 

normal-fat BCPG, followed by apparent-fat, and hidden-fat, while more Māori and Pacific 

participants were in the apparent-fat BCPG, followed by the normal-fat, and hidden-fat BCPG.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1. Stratification of EXPLORE sub-study participants (Kruger et al., 2015). 

 

We identified 23 NZE (16.3%), 11 Māori (23.4%) and 13 Pacific (27.6%), eight normal-fat 

(10.5%), eight hidden-fat (17.0%) and 31 apparent-fat (27.7%) participants as possible under-

reporters (results not shown). These women were not excluded from our analysis. Overall the 

most common BCPG was apparent-fat (n=112, 47% of participants), followed by normal-fat 
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(32.3%), then the hidden-fat (20.0%) BCPG (table 1). Participants’ median(IQR) WC was in the 

normal category 78.5cm (72.3, 89.2), whilst both the median BMI and BF% were in the 

overweight category (25.1kg/m2 [22.5, 30.2] and 33.4% [27.8, 39.2], respectively) (table 3.1). 

Table 3.1. Participant profile characteristics 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

#, cut off for obesity and increased metabolic risk, NZE, New Zealand European; WC waist circumference; BMI, body mass 

index; SES, socioeconomic status as determined by NZ Deprivation Index (2013), BCPG; body composition profile group. 

*Participants were still characterised as having normal-fat if their BMI exceeded 25kg/m2 but their WC and body fat 

measurements were below 80cm and 30% respectively. Presented as median (IQR 25th, 75th percentiles) or mean ± SD for 

normally distributed data. Ranges are presented as minimum-maximum. Three participants were excluded from our SES 

analysis due to missing data.   

When comparing participant characteristics between ethnicities, weight, BF%, BMI and WC 

were highest in Pacific, and were higher for both Pacific and Māori, compared to NZE 

participants (table 3.2). Within BCPGs, the apparent-fat BCPG had the highest median BF%, 

BMI and WC. There was no significant difference in weight nor BMI between the normal-fat 

and hidden-fat BCPG, however, the latter had a higher BF% (by 4.4%, P=0.012) and WC (by 

Characteristic 
[cut off for obesity and increased metabolic risk]# 

Median (IQR 25th, 
75th percentiles) 

(n=235) 
Range 

Age (years) 30.6 (23.6,38.5) 16.3 - 45.2 

Height (cm) 167 ± 6.4 149 - 184 

Weight (kg) 70.4 (63.7, 82.9) 43.7 - 142 

WC (cm) [>80cm]# 78.5 (72.3, 89.2) 59.2 - 135 

BMI (kg/m2) [>30%]# 25.1 (22.5,30.2) 19.2 - 54.5 

Body Fat (%) [>35%]# 33.4 (27.8, 39.2) 17.7 - 61.8 

SES 1= least deprived, 10 = most deprived 4 (2,7) 1-10 

Ethnicity of Participants                                    Count n (%)   

NZE 141 (60)   

Māori 47 (20)   

Pacific 47 (20)   

BCPG of Participants                                          Count n (%)   

Normal-fat 
(*BMI <25kg/m2, BF% <30%) 

76 (32.3)  
 

NZE 56 (39.7)   

Māori 13  (27.7)   

Pacific 7  (14.9)   

Hidden-fat 
(BMI <25kg/m2, BF% >30%) 

47 (20.0)  
 

NZE 38 (26.9)   

Māori 8 (17.0)   

Pacific 1 (2.13)   

Apparent-fat 
(BMI >25kg/m2, BF% >30%) 

112 (47.7)  
 

NZE 47 (33.3)   

Māori 26 (76.6)   

Pacific 39 (82.9)   
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8.1cm P=0.008). The apparent-fat BCPG had significantly higher weights (P<0.001) and BMIs 

(P<0.001) than the hidden-fat BCPG. However, both the hidden-fat and apparent-fat BCPG 

had BF% within the obese range whereas the normal-fat BCPG did not. Based on SES scores, 

deprivation was significantly higher in Pacific compared with NZE and Māori participants 

(P<0.001), and the apparent-fat BCPG compared with the hidden fat BCPG.  

  



 
 

58 

Table 3.2. Differences in participant characteristics, by ethnicity and body composition 

profile group 

#, cut off for obesity and increased metabolic risk; NZE, New Zealand European; WC, waist circumference; BMI, body mass 

index; SES, socioeconomic status Normal, normal-fat; Hidden, hidden-fat; Apparent, apparent-fat. *Participants were still 

characterised as having normal-fat if their BMI exceeded 25kg/m2 but their WC and body fat measurements were below 80cm 

and 30% respectively. Presented as Median (IQR 25th, 75th percentiles) for non-parametric data or mean ± SD for parametric 

data. Ranges are presented as [min-max]. Maximum cut off points for increased metabolic risk are presented as []#. P-values 

determined by Kruskal-Wallis for non-parametric data, and one way ANOVA for parametric data. Following Mann-Whitney 

post hoc test and Bonferroni correction with a P-value of 0.0167, matching alphabetical subscripts (a-c) indicate that two 

medians differ significantly. Red = Statistical significant at P<0.01. Four (one NZE, one Māori and two Pacific) participants had 

missing anthropometric data so were excluded from anthropometric analysis.  

  

Characteristic 

  Ethnicity   

 
NZE 

(n=141) 
Māori 
(n=47) 

Pacific 
(n=47) 

P-value 

Age (years) 
 

31.4 (24.7, 39.0)a 

[16.58-45.17] 
33.8 (26.0, 38.2) b 

[16.8-45.1] 
25.8 (19.8, 34.3)a,b 

[16.3-44.8] 
<0.001 

Height (cm) 
 

167 ± 6.7 
[148-184] 

167 ± 5.8 
[154-180] 

167 ± 5.50 
[154-181] 

0.803 

Weight (kg) 
 

 
66.9 (61.5, 74.6)a,b 

[43.7-142] 
73.6 (65.8, 88.5)a,c 

[52.7-136] 
89.4 (73.3, 103.8) b,c 

[53.7-134] 
<0.001 

 WC (cm) [>80cm]# 
 

74.5 (70.2,81.3)a,b 

[59.2-135] 
82.6 (73.9, 92.4) a,c 

[63.7-121] 
92.3 (80.7, 99.7) b,c 

[66.8-111] 
<0.001 

BMI (kg/m2) [>30kg/m2]# 

 
23.7 (21.7, 26.3)a,b 

[19.2-54.6] 
26.1 (23.9, 32.3) a,c 

[19.1-45.3] 
31.3 (26.9,38.9) b,c 

[20.4-48.1] 
<0.001 

Body Fat (%) [>35%]# 

 
31.4 (26,35.2)a,b 

[17.7-61.8] 
35.8 (27.8, 41.4)a,c 

[17.9-52.9] 
37.6 (33.3,43.2) b,c 

[26.2-53.0] 
<0.001 

SES  
1= least deprived  

10 = most deprived 
 

3 (2,4)a,b 

[1-10] 
4 (3-7)a,c 

[1-10) 
8 (4,8)b,c 

[1-10] 
<0.001 

   
Body Composition 

Profile Groups 
  

  
Normal 
(n=76) 

Hidden 
(n=47) 

Apparent 
(n=112) 

P-value 

Age (years) 
 

29.8(23.6, 37.2) 
[16.4-45.2] 

32.6 (25.2,39.5) 
[16.8-45.1] 

31.3 (23.1,39.3) 
[16.3-45.2] 

0.635 

Height (cm) 
 

168  ± 6.49 
[149-182] 

168  ±  5.55 
[153-184] 

168  ± 5.55 
[148-181] 0.189 

Weight (kg) 
 

63.6 (57.0,67.3)a 

[43.7-80.3] 
65.2 (62.4,68.4)b 

[58.2-80.3] 
83.7 (74.4,99.8)a,b 

[62.0 -142] 
<0.001 

WC (cm) [>80cm]# 
 

70.5(67.5,75.2)a,b 

[59.2-87.3] 
73.5(72.2,78.2)a,c 

[66.6-85.3] 
90.3(82.8,98.5)b,c 

[71.2-135] 
<0.001 

BMI (kg/m2) [>30kg/m2]# 
 

22.0 (20.6, 23.8)a 

[19.0-28.8]* 
23.2 (22.3, 24.3)b 

[20.4-25.0] 
30.5 (26.9,35.1)a,b 

[25.1-54.5] 
<0.001 

Body Fat (%) [>35%]# 
 

25.6(22.2,27.6)a,b 

[17.7-29.8] 
32.4(31.4,35.2)a,c 

[30.0-38.8] 
39.5(34.9,44.0)b,c 

[30.2-61.8] 
<0.001 

SES 
1= least deprived  

10 = most deprived 
 

3 (2,5) 
[1-10] 

3 (2,4)a 

[1-10] 
4 (2,7)a 

[1-10] 
<0.001 
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3.4.2 Dietary diversity and food variety 

The overall dietary diversity and food variety of our participants, as well as of each ethnic and 

BCPG was investigated (table 3.3). 

Overall, participants median DDS was 22 (IQR 21, 23) from 25 food groups, N-DDS was 15 (IQR 

14, 16) from 16 food groups and D-DDS was 8 (IQR 7, 8) from nine food groups (table 3). 

Dietary diversity score was significantly lower in Pacific participants than Māori (P=0.012). 

Nutritious-DDS was significantly lower in Pacific participants than both NZE and Māori (Both 

P<0.005). However, there was no significant difference in D-DDS between ethnic groups, and 

also no significant difference in DDS, N-DDS nor D-DDS between BCPGs. 

Overall, the median FVS was 73 (IQR 57, 88) from a total of 237 foods (30.8%), N-FVS was 47 

(IQR 36, 57) from 143 foods, (32.8%) and D-FVS was 27 (IQR 20, 34) from 94 foods (28.7%). 

Therefore, on average, 10.4 different foods (6.7 nutritious and 3.8 discretionary) were 

consumed each day over the seven days. Discretionary-FVS was significantly higher in Māori 

and Pacific participants compared to NZE (P<0.001). There was no significant difference 

between BCPGs for FVS following post-hoc adjustments. Discretionary-FVS was significantly 

higher in normal-fat compared to the hidden-fat BCPG (P=0.015).  

Overall, 37.4% (IQR 32.0, 41.8) of food items (D-FR) consumed were discretionary. 

Discretionary-FR was significantly lower for NZE than both Māori and Pacific (both P<0.001) 

participants, and for normal-fat and hidden-fat compared to the apparent-fat BCPG (both 

P<0.001).
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Table 3.3. Participant dietary diversity scores over a seven day period overall and segregated by ethnicity and body composition profile groups 
NZE, New Zealand European; Normal, normal fat (BMI<25kg/m2 and body fat %<30%); Hidden, hidden fat (BMI<25kg/m2 and body fat %>30%); apparent fat (BMI>25kg/m2 and body fat %>30%); DDS, dietary 

diversity score; N-DDS, nutritious dietary diversity score; D-DDS, discretionary dietary diversity score; FVS, food variety score; N-FVS, nutritious food variety score; D-FVS, discretionary food variety; D-GR, 

discretionary group ratio (the % of overall food groups consumed that were discretionary); D-FR, discretionary food ratio (the % of food items consumed that were discretionary); Max, maximum score achieved 

by group. Means presented as Median (IQR 25th, 75th percentiles). Max indicates the maximum score achieved by a participant. P-values determined by Kruskal-Wallis. Following Mann-Whitney post hoc test 

and Bonferroni correction with a P-value of 0.0167, matching alphabetical subscripts indicate that two medians differ significantly. Orange = statistical significant at P <0.05, red = Statistical significant at P 

<0.01

Score 
Max 
score 

possible 

 Ethnicity 

P- 
value 

Body Composition Profile Groups 

P- 
value 

Overall 
NZE 

(n=141) 
Māori 
(n=47) 

Pacific 
(n=47) 

Normal 
(n=76) 

Hidden 
(n=47) 

Apparent 
(n=112) 

       

 Median Max Median Max Median Max Median Max Median Max Median Max 

DDS 25 
22  

(21,23) 
22  

(20,23) 
25 

22  
(21,24)a 25 22 (20,23)a 25 0.028 

23  
(21,24) 

25 
22  

(20,23) 
25 

22  
(21,23) 

25 0.065 

N-DDS 16 
15  

(14,16) 
15 (14,16)a 16 

15  
(14,16)b 16 

14 
(12,15)a,b 16 0.008 

15  
(14,16) 

16 
15  

(13,16) 
16 

14  
(14,15) 

16 0.091 

D-DDS 9 
8  

(7,8) 
8  

(7,8) 
9 

8  
(7,9) 

9 
8  

(7,8) 
9 0.037 

8  
(7,8) 

9 
7  

(6,8) 
9 

8  
(7,8) 

9 0.117 

FVS 237 
73  

(57,88) 
70  

(56,86) 
154 

80  
(63,105) 

184 74 (55,107) 192 0.018 
78  

(66,94) 
144 

72  
(52,86) 

184 
70  

(54,91) 
192 0.032 

N-FVS 143 
47  

(36,57) 
46  

(37,55) 
96 

50 
 (40,63) 

107 
45  

(32,67) 
113 0.247 

49  
(43,60) 

92 
48  

(36,55) 
107 

43  
(34,56) 

113 0.061 

D-FVS 94 
27  

(20,34) 
24 

(19,31)a,b 58 
30 

 (23,42)a 77 29 (23,40)b 79 <0.001 
29  

(23,34)a 52 
24  

(16,31)a 77 
27  

(20,35) 
79 0.032 

D-FR 
(%) 

100 
37.4 

(32.0,41.8) 

36.4  
(31.1, 40.7) 

a,b  ) 

69.4 
38.5 

(34.4,43.3)a 57.9 
40.4  

(35.1, 
44.2)b 

59.2 <0.001 
35.4 

(30.6,40.9)a 69.4 
34.0 

(27.3,40.6)b 50.99 
39.3 

(35.0,43.2)a,b 
59.2 <0.001 
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Median and mode within-group FVS’s from each of the nutritious and discretionary food 

groups were calculated overall, as well as for each ethnicity (supplementary table 1 in 

appendix C.1). Overall, the combined flesh foods (meat, poultry and fish and seafood) FVS was 

four (2, 8), the combined vegetarian proteins FVS (eggs, nutritious dairy, cheese, nuts and 

seeds and legumes) was seven (6, 11), the combined carbohydrate FVS (breads, cereals, 

starchy vegetables) was eight (5, 11), and the combined F&V FVS (vitamin A rich F&V, vitamin 

C rich F&V, other vegetables, other fruits) was 24 (16, 31). The most commonly excluded food 

group was legumes (42.4% of participants with FVS of zero).  

For flesh foods, NZE participants had a significantly lower median poultry FVS, 1 (1, 1) than 

Pacific, 1 (1, 2; P<0.001), and Māori, 1 (1, 2; P=0.032) participants. Mode score analysis 

indicated that a FVS of zero (thus no item from the food group was eaten) was most common 

for meat, scored by 13% of NZE, Māori and Pacific participants.  

For vegetarian proteins, Pacific participants had a significantly lower FVS for egg, 1 (1, 1), 

cheese, 1 (0, 2) and legumes, 0 (0, 1) than NZE participants (all P<0.01) and a significantly lower 

median egg and cheese FVS than Māori participants (both P<0.01). A mode FVS of zero was 

most common for legumes, scored by 38%, 36% and 62% NZE, Māori and Pacific participants 

respectively.  

For the nine discretionary food groups, the FVS of NZE participants were significantly lower 

than Māori participants for discretionary meat and drinks (P=0.012), discretionary breads 

cereals and starchy vegetables (P=0.015), and takeaways and fast food (P<0.001), and lower 

than Pacific participants for savoury snacks (P<0.001), sweet snacks (P<0.001), discretionary 

breads cereals and starchy vegetables (P<0.001), and takeaways and fast food (P<0.001) 

For flesh foods, the apparent-fat BCPG had the highest poultry (but not meat) FVS of any 

BCPG, 1 (1, 2; P<0.001) (supplementary table 2 in appendix C.2). Mode scores demonstrated 

that the normal-fat BCPG were the highest non consumers of meat and poultry (20% and 11% 

did not consume meat and poultry respectively).  

For vegetarian proteins, compared to the apparent-fat BCPG, the normal-fat BCPG had a 

higher FVS for eggs (P=0.014), cheese (P=0.003), and legumes (P<0.001). The apparent-fat 
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BCPG were the highest non-consumers of eggs, cheese and legumes (17%, 18% and 57% 

respectively). 

For carbohydrates, the normal-fat BCPG had a significantly higher cereals FVS, 5 (4, 6) 

compared to the apparent-fat BCPG, 4 (3, 5; P=0.012). The apparent-fat BCPG were the highest 

non-consumers of cereals (7%).  

For discretionary foods, the normal-fat BCPG had the highest drinks FVS, 6 (4, 8) of any BCPG 

(P=0.008). Takeaways and fast foods FVS was significantly higher in the apparent-fat BCPG, 4 

(3, 6) compared to the normal-fat BCPG, 3 (2, 5; P<0.001).   

The 20 most commonly consumed food items over the seven day period (T20), features 18 

nutritious foods, and two discretionary foods (table 3.4).  

Pacific participants had only one vegetarian protein in their T20 (eggs), whereas Māori had 

two (eggs, hard cheese), and NZE participants had three (eggs, hard cheese, nuts). Pacific and 

NZE participants both had three carbohydrates in their T20 (potatoes, white bread, whole 

grain bread versus rice, whole grain bread, potatoes, respectively), whereas Māori had two 

(potatoes, whole grain bread). Pacific participants had six discretionary foods (sauce, butter, 

mayonnaise, chewing gum, chocolate, chips) in their T20, versus four (chocolate, sauce, 

mayonnaise, salt) for Māori, and two (chocolate, sauce) for NZE participants. 
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Table 3.4. The 20 most popular foods for participants overall and for each ethnicity  

Rank 

        Overall 
Ethnicity 

NZE (n=141)  Māori (n=47)  Pacific (n=47)  

Food item/drink % Food item/drink % Food item/drink % Food item/drink % 

1 Water 97 Water 96 Carrots 98 Water 100 

2 Carrots 91 Oil (e.g. canola) 94 Water 96 Onions 96 

3 Onions 90 Carrots 92 Eggs 94 
Lettuce, all 

varieties 
91 

4 
Chicken (e.g. 

thighs) 
89 Eggs 91 

Chicken (e.g. 
thighs) 

91 
Chicken (e.g. 

thighs) 
89 

5 Eggs 89 Tomatoes 88 Onions 91 
Sauce (e.g. 

tomato or BBQ) 
87 

6 Oil (e.g. canola) 88 Chicken (e.g. thighs) 87 Apple 89 Banana 83 

7 
Lettuce, all 

varieties 
87 Onions 87 Hard cheese 87 Butter 83 

8 Tomatoes 85 Hard cheese 86 
Lettuce, all 

varieties 
87 

Mayonnaise or 
creamy dressings 

83 

9 Banana 84 Lettuce, all varieties 86 Banana 87 Beef (e.g. steak) 81 

10 Chocolates 83 Chocolates 84 Broccoli 85 Tomatoes 81 

11 
Sauce (e.g. 

tomato or BBQ) 
82 Banana 84 Chocolates 85 Carrots 79 

12 Beef (e.g. steak) 81 Beef (e.g. steak) 82 Garlic 83 Apple 79 

13 Hard Cheese 80 Broccoli 82 
Sauce (e.g. 

tomato or BBQ) 
83 Oil (e.g. canola) 79 

14 Broccoli 80 Garlic 80 Beef (e.g. steak) 81 Eggs 77 

15 Garlic 79 
Sauce (e.g. tomato or 

BBQ) 
80 Potatoes 81 Chewing gum 77 

16 Potatoes 75 Rice, all varieties 77 Tomatoes 79 Chocolates 77 

17 
Bread or rolls, 

whole-
wheat/grain 

74 Nuts (e.g. almond) 75 Oil (e.g. canola) 79 Chips/crisps 77 

18 Apple 74 
Bread or rolls, whole-

wheat/grain 
74 

Mayonnaise or 
creamy dressings 

79 Potatoes 74 

19 
Rice, all 
varieties 

74  Potatoes 74 
Salt, added to 
food or drink 

79 
Bread or rolls, 

white 
72 

20 
Nuts (e.g. 
almond) 

71 Spinach, silverbeet 99 
Bread or rolls, 

whole-
wheat/grain 

77 
Bread or rolls, 

whole-
wheat/grain 

71 

NZE, New Zealand European; %, percentage of participants within the subgroup that consumed that food item or drink rounded to the 

nearest whole number. . Food items are ranked in order of popularity (based on % of participants who ate it) from 1st to 20th 

most popular. Colour codes; Green = fruit or vegetable, red = discretionary food, orange = meat, cream = vegetarian protein source, darker 

blue = carbohydrates, breads, cereals and starchy vegetables, pale blue = oil. 
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Within their T20, each BCPG (table 3.5) had two flesh foods (chicken, beef). The normal-fat 

and hidden-fat BCPG had three vegetarian proteins in their T20 (eggs, cheese, nuts) whereas 

the apparent-fat BCPG has two (eggs, cheese). The apparent-fat BCPG demonstrated four 

discretionary foods in their T20 (sauce, chocolate, butter, mayonnaise) compared to two for 

normal-fat (chocolate, sauce) and hidden-fat BCPGs (chocolate, salt). 

Table 3.5. The 20 most popular foods for each body composition profile group 

Body Composition Profile Group 

Rank 
Normal (n=76)  Hidden (n=47)  Apparent (n=112)  
Food item/drink % Food item/drink % Food item/drink % 

1 Water 97 Water 96 Water 97 

2 Eggs 96 Carrots 91 Chicken (e.g. thighs) 95 

3 Oil (e.g. canola) 95 Banana 91 Onions 90 

4 Tomatoes 93 Eggs 89 Carrots 89 

5 Carrots 92 Oil (e.g. canola) 89 Beef (e.g. steak) 88 

6 Onions 91 Onions 87 Lettuce, all varieties 87 

7 Chocolates 91 Lettuce, all varieties 85 Sauce (e.g. tomato or BBQ) 86 

8 Chicken (e.g. thigh) 89 Garlic 83 Eggs 83 

9 Lettuce, all varieties 89 Hard cheese 81 Oil (e.g. canola) 82 

10 Hard cheese 88 
Bread or rolls, whole-

wheat/grain 
81 Tomatoes 81 

11 Broccoli 88 Rice, all varieties 79 Chocolates 79 

12 Banana 88 Tomatoes 79 Potatoes 79 

13 Sauce (e.g. tomato or BBQ) 86 Broccoli 79 Banana 79 

14 Rice, all varieties 82 Chocolates 79 Garlic 77 

15 Garlic 80 Nuts (e.g. almonds) 77 Broccoli 76 

16 Apple 80 Potatoes 74 Apple 76 

17 Beef (e.g. steak) 79 Salt, added to food or drink 74 Butter 76 

18 Green beans 78 Chicken (e.g. thighs) 72 Hard cheese 75 

19 Nuts (e.g. almond) 78 Capsicum red 72 
Mayonnaise or creamy 

dressings 
73 

20 
Bread or rolls, whole-

wheat/grain  
74 Beef (e.g. steak) 70 

Bread or rolls, whole-
wheat/grain 

72 

Normal, normal-fat; Hidden, hidden-fat; Apparent, apparent-fat; BF%, Body Fat Percentage; BMI, Body Mass Index,  %, 

percentage of participants within the subgroup that consumed that food item or drink rounded to the nearest whole number. 

Food items are ranked in order of popularity (based on % of participants who ate it) from 1st to 20th most popular. Colour 

codes; Green = fruit or vegetable, red = discretionary food, orange = meat, cream = vegetarian protein source, darker blue = 

carbohydrates, breads, cereals and starchy vegetables, pale blue = oil.
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When assessing the distribution of energy intake in the participants’ diets, the percentage of 

energy (%E) contribution from protein intake was within the acceptable macronutrient 

distribution range (AMDR), %E from carbohydrate was below, and %E from fat above the 

AMDRs respectively. Only NZE and the normal-fat BCPG consumed %E from fat within the 

AMDR (table 3.6). Furthermore, E% from PUFA intake was below recommendations whilst the 

%E from SFA and sugar both exceeded recommendations. 

There were no significant differences in energy (kcal) intake between ethnic groups nor BCPGs 

(table 3.6). Māori participants consumed the lowest %E from carbohydrate of any ethnicity 

(P<0.001). Within BCPGs, the apparent-fat BCPG had a higher fat (g), %E from fat, %E from SFA 

(P=0.015) and %E from MUFA than the normal-fat BCPG. The normal-fat BCPG consumed a 

higher %E from sugar and lactose (g) than the apparent-fat BCPG. 

 



66 

 

Table 3.6. Participants’ average daily dietary composition overall and segregated by ethnicity and body composition profile group 

Energy and 
Nutrients 

AMDR/EAR 
Overall 
(n=235) 

Ethnicity 
P-

value 

Body  Composition Profile 
P-

value 
NZE 

(n=141) 
Māori 
(n=47) 

Pacific 
(n=47) 

Normal 
(n=76) 

Hidden 
(n=47) 

Apparent 
(n=112) 

Energy (kcal) 1800-2300+# 
2130 

(1751,2655) 
2115 

(1805,2487) 
2130 

(1716,2772) 
2215 

(1679,3233) 
0.536 

2220 
(1819,2533) 

2105 
(1843,2457) 

2095 
(1679,2792) 

0.938 

%E Protein 15-25%+ 17.9 
(15.9,19.9) 

17.3 
(15.8,19.8) 

18.4 
(16.7,20.2) 

17.9 
(15.6,19.5) 

0.354 
17.3 

(16.0,20.4) 
17.2 

(14.6,19.4) 
18.0 

(16.3,19.8) 
0.383 

Protein (g) 37g+ 
95.2 

(76.9,118.7) 
92.9 

(75.0,113) 
99.8 

(82.4,129) 
102  

(86.0,131) 
0.145 

97.4 
(78.3,114) 

91.9 
(71.5,109) 

95.5 
(78.8,129) 

0.315 

%E Fat 20-35%+ 35.4 
(32.1,39.5) 

34.6 
(32.0,39.0) 

37.8 
(32.9,41.5) 

35.7 
(30.7,39.4) 

0.086 
33.7 a 

(31.0,37.5) 

35.2 
(32.0,39.5) 

37.7 a 
(32.7,39.9) 0.018 

Total fat (g) 
 85.3 

(65.2,106) 
83.3 

(65.2,102) 
91.7 

(68.5,111) 
83.3 

(62.2,131) 
0.279 

83.3 
(62.2,100) 

89.2 
(70.2,104) 

87.8 
(65.2,114) 

0.546 

SFA (g) 
 34.8 

(24.9,45.9) 
32.1 

 (23.8,41.1) 

37.1  
(25.4,42.3) 

37.0  
(24.1,49.5) 0.453 

31.6  
(23.5,38.2) 

32.1 
(23.7,41.2) 

35.4  
(24.8,43.5) 

0.327 

%E SFA  <10%+ 13.7  
(11.9,16.2) 

13.6 
(11.6,15.9) 

14.5  
(12.7,17.6) 

14.4  
(12, 16.7) 

0.088 
13.4a 

(11.2,16.3) 
13.9b 

(11.7,15.9) 
15.6a,b 

(12.9,20.2) 
0.015 

PUFA (g) 
 13.5 

(9.94,17.5) 
12.7  

 (9.68,16.1) 

11.9  
(9.10,16.6) 

12.9  
(8.91,15.4) 0.994 

13.3 
 (10.0,15.2) 

12.3  
(8.92,16.2) 

11.7  
(9.01,16.8) 

0.780 

%E PUFA 6-11%^ 5.2  
(4.54,6.17) 

5.21  
(4.47,6.45) 

5.06  
(4.69,5.95) 

5.23  
(4.67,5.63) 

0.731 
5.46 

 (4.74,6.55) 
5.29  

(4.76,6.48) 
5.36 

 (4.61,6.98) 
0.939 

MUFA (g) 
 30.7 

(23.1,39.0) 
28.1  

(21.9,34.4) 

31.4  
(22.4,37.6) 

31.3 

(22.2,38.3) 0.507 
28.1  

(20.8,32.9) 
30.7 

(21.9,35.5) 
29.4 

(22.4,38.4) 
0.397 

%E MUFA 
10-20%^ 

By difference# 

12.2  
(10.7, 13.9) 

12.3  
(10.5, 13.7) 

12.7  
(11, 15.2) 

12.4  
(10.4, 14.3) 

0.081 
11.8a 

 (10.2,13.5) 
12.6  

(10.8,14.2) 
13.6a  

(11.4,15.9) 
0.001 

%E CHO 45-65%+ 41.5 
(35.9,46.5) 

42.5 a 
(38.9,47.0) 

31.6 a,b 
(10.1,41.1) 

43.3 b 
(37.1,47.8) 

<0.001 
42.5 

(39.2,47.0) 
39.6 

(33.8,45.1) 
41.1 

(34.8,46.0) 
0.116 

CHO (g) 
 225  

(178,291) 
226  

(181,288) 
213  

(145,285) 
253  

(190,340) 
0.094 

231  
(189,291) 

227  
(182,261) 

224  
(165,301) 

0.756 
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Nutrient AMDR 
Overall 
n=235 

Ethnicity 
P-

value 

Body Composition Profile Group 
P-

value 
NZE 

(n=141) 
Māori 
(n=47) 

Pacific 
(n=47) 

Normal 
(n=76) 

Hidden 
(n=47) 

Apparent 
(n=112) 

Starch (g) 
 111 

(75.1,142) 
110 

(84.8,136) 
89.3 

(67.7,135) 
135  

(81.9,171) 
0.036 109 (72.8,138) 

105  
(89.0,139) 

113  
(74.1,145) 

0.874 

Sugar (g) 
 121 

(87.2,146) 
122 

(90.5,145) 
119  

(77.9,139) 
124  

(83.5,158) 
0.393 

130.5 a 
(94.0,157) 

116  
(95.1,135) 

116 a 
(78.0,140) 

0.130 

%E Sugar <10%^ 21.4 
(17.9,25.1) 

22.0 
(18.3,25.7) 

20.1 
(17.2,23.1) 

20.8 
(26.5,25.75) 

0.058 
23.0a 

(19.1,26.4) 
20.5 

(18.0,24.8) 
20.1a 

(16.9,24.1) 
0.005 

Glucose (g) 
 22.3 

(15.5,30.8) 
22.2 

(16.1,30.7) 
22.2 

(13.3,32.8) 
24.4 

 (15.1,31.4) 
0.878 

26.5 
 (19.0,33.4) 

22.3 
 (16.0,30.8) 

20.0 
(14.1,27.5) 0.033 

Fructose (g) 
 22.5 

(15.9,32.6) 
21.3 

 (16.1,32.6) 
22.0 

(15.2,31.6) 
23.5 

(16.7,33.3) 
0.751 

24.71 
(17.9,33.3) 

23.8 
(15.1,30.8) 

20.3 
(14.5,32.1) 

0.197 

Sucrose (g) 
 45.4 

(29.8,61.1) 
42.9 

(29.8,62,0) 
41.8 

(24.7,54.9) 
50.4 

(31.5,68.1) 
0.247 

47.2 
(34.7,59.4) 

45.4 
(33.8,60.3) 

42.9 
(25.7,62.2) 

0.771 

Lactose (g) 
 17.5 

(9.2,28.0) 
18.3 

(10.1,28.9) 
11.7  

(7.6,26.6) 
16.9 

 (5.58,28.2) 
0.307 

21.2a 
(11.6,33.3) 

16.5 
(9.31,26.0) 

14.9a 
(7.55,26.7) 

0.041 

Kcal, kilo calories; SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids; MUFA, monounsaturated fatty acids, CHO, carbohydrate; AMDR, acceptable macronutrient distribution range, 

EAR, estimated average requirements for women between 19-70 years old, %E; percentage of energy from protein, fat, carbohydrate, saturated fat, polyunsaturated fat, monounsaturated fat, 

or sugars respectively. Normal, normal-fat; Hidden, hidden-fat; Apparent, apparent-fat. Presented as Median (IQR 25th, 75th percentiles). P-values determined by Kruskal-Wallis. Following Mann-

Whitney post hoc test and Bonferroni correction with a p-value of 0.0167, matching alphabetical subscripts indicate that two medians differ significantly. # Recommended daily energy intake 

differs varies between individuals based on their metabolism and physical activity levels,  + AMDR’s based on Ministry of Health (2013), ^ Recommendation based on World Health Organisation 

(2010) #%E MUFA recommendation by difference (%E MUFA = %E fat – %E PUFA – %E SFA). Orange = statistical significant at P <0.05, red = Statistical significant at P <0.01. Five Pacific participants 

had missing data regarding fat intake (total fat (g), SFA (g), %E from fat, MUFA, %E from MUFA, PUFA, %E from PUFA) so were excluded from fat intakes analysis.  
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3.4.3 Dietary diversity, food variety and Obesity 

To investigate a obesity-DD link, we explored the relationship between dietary diversity, 

anthropometric outcomes (namely WC, BMI and BF%) and diet composition. When comparing 

the dietary diversity and food variety of obese and non-obese participants (table 3.7), DDS 

was significantly higher for non-obese than obese participants, but only when obesity was 

defined by BF% (P=0.029), not BMI. Nutritious-DDS was significantly higher in non-obese 

participants than obese participants, classified by either BMI (P=0.024) or BF% (P=0.029), with 

a median N-DDS of 15 (14, 16) versus 14 (14, 16) in each instance. There was no significant 

difference in FVS, N-FVS nor D-FVS between obese and non-obese participants. Compared to 

normal-fat and non-obese participants, D-FR was significantly higher for obese participants 

(P=0.015 for BMI and P<0.001 for BF%). 

 Table 3.7. Comparison between median dietary scores for different categories of obese 

versus non obese participants 

  BMI (kg/m2)  BF%  

  <30  
(not obese) 

(n=174) 

≥30  
(obese) 
(n=61) 

 
P-value 

<35% 
 (not obese) 

(n=139) 

≥35% 
(obese) 
(n=96) 

 
P-value 

 Max Score 
Possible 

Median Median 
 

Median Median 
 

DDS 25 
23  

(21,23) 
22  

(21,23) 
0.124 

23 

 (21,24) 
22  

(20,23) 
0.012 

N-DDS 16 
15  

(14,16) 
14 

 (14,15) 
0.024 

15  
(14,16) 

14 
 (13,15) 

0.029 

D-DDS 9 
8 

 (7,8) 
8  

(7,8) 
0.778 

8 
 (7,8) 

8  
(7,8) 

0.151 

FVS 237 
74  

(59,87) 
70  

(55,98) 
0.781 

74  
(60,87) 

70  
(53,92) 

0.414 

N-FVS 143 
48 

 (39,56) 
41 

 (33,58) 
0.244 

48 
(39,56) 

44 
 (33,59) 

0.274 

D-FVS 94 
26 

 (20,33) 
29  

(20,39) 
0.136 

27  
(21,34) 

27  
(20,35) 

0.898 

D-FR (%) 100 
36.5 

(30.7,40.9) 
39.7 

(35.6,43.4) 
0.001 

36.4 
(30.7,40.9) 

38.7 
(34.6,43.2) 

0.015 

DDS, dietary diversity score; N-DDS, nutritious dietary diversity score; D-DDS, discretionary dietary diversity score; FVS, food 

variety score; N-FVS, nutritious food variety score; D-FVS, discretionary food variety; D-FR, discretionary food ratio; max, 

maximum score achieved by sub group. Medians presented as Median (25, 75 percentiles).Within body composition profile 

groups P-values were determined by Kruskal-Wallis, *Statistical significant at P  <0.05, **Statistical significant at P<0.01. 

Following Mann-Whitney post hoc test and Bonferroni correction with a P-value of 0.0167, matching alphabetical subscripts 

indicate that two medians differ significantly. Within BF% and BMI obesity, P-values were determined by Mann-Whitney, 

Orange = statistical significant at P <0.05, red = Statistical significant at P <0.01. 

 

When comparing the anthropometry of participants within the highest and lowest quartiles 

of dietary diversity, results demonstrated that the highest tertile of DDS, N-DDS and D-FR 
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had a significantly higher WC, BMI and BF% than the lowest tertile of each (table 3.8). The 

highest tertile of N-FVS has a significantly higher BF% than the lowest N-FVS tertile.  

Table 3.8. Comparison of WC, BMI and BF% for the highest and lowest tertiles of each 

dietary score 

Score T 
WC (cm) 

>80 = increased metabolic risk 
BMI (kg/m2) 

>30 = increased metabolic risk 
BF% 

>35 = increased metabolic risk 

Median P-value Median P-value Median P-value 

DDS  
3 80.1 

0.015 
26.2 

0.048 
35.2 

0.002 
1 75.7 24.4 31.5 

N-DDS 
3 80.6 

<0.001 
26.1 

0.004 
34.8 

0.011 
1 73.7 23.9 31.7 

D-DDS  
3 78.0 

0.886 
25.0 

0.838 
34.4 

0.214 
1 77.8 25.1 32.1 

FVS  
3 82.3 

0.141 
26.3 

0.413 
35.7 

0.072 
1 77.3 25.1 32.9 

N-FVS  
3 82.0 

0.075 
26.4 

0.293 
35.2 

0.048 
1 76.8 24.5 32.6 

D-FVS  
3 80.3 

0.922 
25.6 

0.396 
35.0 

0.358 
1 78.4 26.4 33.1 

D-FR (%) 
3 75.5 

0.003 
23.7 

0.000 
30.9 

0.000 
1 81.0 27.6 35.1 

T; tertile; Tertile 1 = highest tertile, 3 = lowest tertile; DDS, dietary diversity score; N-DDS, nutritious dietary diversity score; 

D-DDS, discretionary dietary diversity score; FVS, food variety score; N-FVS, nutritious food variety score; D-FVS, discretionary 

food variety; D-FR, discretionary food ratio (the % of food items consumed that were discretionary); WC, waist circumference 

(cm); BMI, body mass index (kg/m2); BF%, body fat percentage. P-values determined by Mann-Whittney U, orange = statistical 

significant at P<0.05, red = Statistical significant at P<0.01.  

 

Correlations between dietary diversity scores and anthropometric measures demonstrates 

that both DDS and N-DDS were negatively correlated to WC and BF% (all P<0.005) (table 3.9). 

Nutritious-DDS negatively correlated to all three anthropometric measures (BMI, P=0.043). 

Similarly, FVS and N-FVS were negatively correlated to WC (both P<0.001), BF% (both P<0.001) 

and BMI (both P<0.005). Neither discretionary scores (D-DDS nor D-FVS) were significantly 

correlated to WC, BMI nor BF%. Discretionary-FR had a positive correlation to WC (P=0.029), 

BMI (P=0.034) and BF% (P=0.014).  
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Table 3.9. Spearman’s correlation coefficients between anthropometric measures and 

dietary diversity and variety scores 

Anthropometric 
measure 

Dietary Diversity Scores Food Variety Scores Discretionary Ratio 

DDS N-DDS D-DDS FVS N-FVS D-FVS D-FR (%) 

r value r value 
r 

value 
r value r value 

r 
value 

r value 

WC     -0.187**   -0.207** -0.076   -0.246**   -0.256** -0.146 0.200** 

BMI -0.129 -0.137* -0.075   -0.188**  -0.209** 0.011 0.219** 

BF%     -0.168** -0.168* -0.071 -0.137* -0.154* -0.332 0.187** 

DDS, dietary diversity score; N-DDS, nutritious dietary diversity score; D-DDS, discretionary dietary diversity score;  FVS, food 

variety score; N-FVS, nutritious food variety score; D-FVS, discretionary food variety score; D-GR, discretionary group ratio 

(the % of overall food groups consumed that were discretionary); D-FR, discretionary food ratio (the % of food items 

consumed that were discretionary); BF%, body fat percentage; BMI, body mass index; WC, waist circumference; BF%, body 

fat percentage. P-values calculated using spearman’s two-tailed bivariate correlations, correlations were controlled for age, 

ethnicity and socioeconomic status. * unreported P value statistical significant at P <0.05, ** unreported P value has statistical 

significant at P <0.01. 

 

Correlations between WC, BMI and BF% and within-group FVS’s demonstrates that the 

nutritious food groups which negatively correlated to BF% were fish and seafood (P<0.001), 

eggs (P=0.049), nutritious dairy (P=0.01), cheese (P=0.004), cereals (P=0.004), vitamin A rich 

F&V (P<0.001), vitamin C rich F&V (P=0.049), other vegetables (P=0.033), other fruits 

(P=0.016), overall vegetables (P=0.021), overall fruits (P=0.045)  legumes (P<0.001) and nuts 

and seeds (P=0.019) (table 3.10). The aforementioned food groups also negatively correlated 

to WC and BMI (all P<0.05) except for other fruits. 

The discretionary food groups which negatively correlated to BF% were drinks (P=0.032), 

alcohol (P=0.025), and sauces, spreads and flavourings (both P=0.022). The aforementioned 

food groups also negatively correlated to WC and BMI (all P<0.01) except for sauces, spreads 

and flavourings. There was no significant correlation between sugar-sweetened beverages 

and WC nor BF%. Takeaways and fast food was the only discretionary food group to have a 

positive correlation to an anthropometric measure (BMI, P=0.016). 



71 

 

Table 3.10. Spearman’s correlation coefficients between anthropometric measures and food 

variety scores from each food group  

 

Anthropometric Measures 

WC  BMI  BF% 

r value r value r value 
Meat 0.002 0.112 0.054 

Poultry 0.016 0.106 -0.011 
Fish and seafood -0.245** -0.184** -0.151* 

Eggs -0.131* -0.148* -0.164* 
Nutritious dairy products -0.172* -0.188** -0.204** 

Cheese -0.188** -0.131* -0.165* 
Breads -0.054 -0.049 -0.062 
Cereals -0.254** -0.255** -0.198** 

Starchy vegetables -0.052 -0.040 -0.054 
Vitamin A-rich fruit and vegetables -0.204** -0.177** -0.189** 
Vitamin C-rich fruit and vegetables -0.130* -0.092 -0.099 

Other vegetables -0.142* -0.100 -0.115 
Other fruits -0.162* -0.121 -0.153* 

Overall vegetables -0.141* -0.188** -0.162* 
Overall Fruits -0.112* -0.151* -0.139* 

Legumes -0.302** -0.289** -0.177** 
Nuts and seeds -0.156* -0.146* -0.104 

Oils and fats -0.062 -0.064 -0.101 
Discretionary meat 0.069 0.124 0.001 

Discretionary dairy products -0.146* -0.115 -0.099 
Discretionary breads cereals and starchy vegetables 0.035 0.002 -0.003 

Drinks -0.149* -0.112* -0.202** 
Alcohol -0.169* -0.137* -0.19** 

Sauce, spreads and flavourings -0.167* -0.122 -0.158* 
Savoury snacks -0.094 -0.078 -0.059 

Sweet snacks -0.091 -0.072 -0.101 
Takeaways and fast food 0.103 0.159* 0.079 

Sugar-sweetened beverages -0.090 -0.043 -0.054 
BF%, body fat percentage; BMI, body mass index; WC, waist circumference. Nutritious food groups are shaded green, 

discretionary food groups are shaded red.  P-values calculated using spearman’s two-tailed bivariate correlations and 

indicated using * unreported P value has statistical significant at P< 0.05 and ** unreported P value has statistical significant 

at P< 0.01. Correlations are partial correlations, controlling for age, ethnicity and socioeconomic status. 

 

When considering the variety of food items consumed within food groups that negatively 

correlated to BF%, compared to the apparent-fat BCPG, the normal-fat BCPG consumes a 

significantly wider variety of cheese, cereals, legumes, drinks and alcohol (all P<0.005, visually 

demonstrated in figure 3.2).   
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Figure 3.2. Radar chart of % food group food variety scores segregated by body composition 

profile groups 

 

When comparing the distribution of energy intake (%E) and macronutrient intakes (g) 

between the highest and lowest tertiles of dietary diversity and food variety scores (table 

3.11), the highest DDS tertile consumed significantly more energy (kcal) (P=0.016), %E from 

carbohydrate, and lactose (g). The highest tertile N-DDS consumed significantly higher %E 

from protein, and lactose (g), but a lower %E from carbohydrate.  

The highest FVS, N-FVS and D-FVS tertiles consumed significantly more energy (kcal) than the 

lower tertiles of each (all P<0.005). The highest N-FVS tertile consumed more glucose (g) 

fructose (g) and lactose (g) compared to the lowest. There was no significant difference in %E 

from SFA nor sucrose (g) between the highest and lowest tertile of N-FVS. The highest tertile 

of D-FVS consumed more energy (kcal), %E from SFA (P=0.003), starch (g) and sugars (g) 

(including glucose, fructose and sucrose [P=0.002], but not lactose). Participants in the highest 

D-FR tertile consumed significantly more energy (kcal) (P=0.020), %E from SFA (P<0.001) and 

starch (g) (P=0.031) than those in the lowest D-FR tertile. 
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Table 3.11. Comparison of nutrient intake for the highest and lowest tertiles of each dietary score 

Score 
 Energy (kcal) %E Protein %E Fat %E SFA %E CHO Starch Sugar Glucose Fructose Sucrose Lactose 

T Med P Med P Med P Med P Med P Med P Med P Med P Med P Med P Med p 

DDS  
3 2044 

0.016 
17.2 

0.072 
33.8 

0.205 
13.2 

0.054 
43.8 

0.011 
104 

0.318 
117 

0.374 
21.8 

0.457 
23.2 

0.576 
43.6 

0.633 
13.8 

0.011 
1 2201 17.9 35.7 13.9 40.9 113 121 22.4 21.3 44.7 20.7 

N-DDS 
3 2074 

0.051 
17.5 

0.028 
34.7 

0.328 
13.7 

0.612 
42.6 

0.027 
110 

0.873 
118 

0.359 
22.4 

0.557 
23.2 

0.964 
46.7 

0.649 
13.7 

0.002 
1 2198 18 36.5 13.7 41.1 102 121 22.6 22.5 42.7 21.4 

D-DDS  
3 2081 

0.055 
17.7 

0.941 
34.9 

0.876 
13.6 

0.097 
42.3 

0.218 
110 

0.364 
120 

0.316 
22.2 

0.174 
22.5 

0.229 
44.5 

0.589 
17.2 

0.355 
1 2236 17.6 36.4 13.9 41.1 113 122 23.2 21.6 47.0 18.3 

FVS  
3 1903 

0.001 
17.1 

0.438 
35.3 

0.512 
13.4 

0.266 
43.2 

0.040 
102 

0.054 
104 

0.024 
19.3 

0.006 
20.1 

0.016 
38.7 

0.081 
12.4 

0.055 
1 2271 17.5 37.1 13.8 40.3 123 130 26.3 27.4 47.2 18.4 

N-FVS  
3 2056 

0.018 
17.2 

0.326 
36.1 

0.931 
13.8 

0.823 
42.1 

0.210 
106 

0.411 
110 

0.041 
18.8 

0.002 
18 

0.004 
38.9 

0.100 
13.7 

0.041 
1 2267 17.5 36.5 13.8 41.1 113 124 26.2 26.8 45.3 19.7 

D-FVS  
3 1845 

<0.001 
18.3 

0.086 
35.2 

0.407 
13.3 

0.003 
40.8 

0.575 
93.2 

0.003 
99.3 

0.003 
18.4 

0.014 
18.1 

0.010 
32.7 

0.002 
13.7 

0.133 
1 2287 17.0 37.2 14.5 41.4 118 128 25.8 25.4 48.9 17.5 

D-GR (%)  
3 2056 

0.203 
18 

0.083 
34.1 

0.680 
13.1 

0.125 
41.4 

0.450 
98.8 

0.057 
113 

0.667 
21 

0.891 
21.1 

0.714 
42.7 

0.994 
18.2 

0.598 
1 2162 17.5 34.3 13.7 42.5 117 118 22.4 20.5 45.4 14.3 

D-FR (%) 
3 2060 

0.020 
18.1 

0.087 
34.3 

0.115 
12.7 

<0.001 
42.2 

0.583 
96.5 

0.013 
108 

0.483 
23.1 

0.096 
23.5 

0.194 
40.1 

0.166 
17.6 

0.741 
1 2305 17.5 37.7 15.0 41.5 119 117 20.1 19.9 51.2 14.9 

T; tertile; Tertile 1 = highest tertile, 3 = lowest tertile; DDS, dietary diversity score; N-DDS, nutritious dietary diversity score; D-DDS, discretionary dietary diversity score; FVS, food variety score; N-FVS, nutritious 

food variety score; D-FVS, discretionary food variety; D-GR, discretionary group ratio (the % of overall food groups consumed that were discretionary); D-FR, discretionary food ratio (the % of food items 

consumed that were discretionary); %E; percentage of energy from protein, fat, carbohydrate or saturated fat; Med, median. P-values determined by Mann-Whittney U, Orange = statistical significant at P<0.05, 

red = Statistical significant at P<0.01. Five Pacific participants had missing data regarding fat intake (total fat (g), SFA (g), %E from fat, MUFA, %E from MUFA, PUFA, %E from PUFA) so were excluded from fat 

intakes analysis. 
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Correlations between dietary diversity and dietary intake results demonstrate that all DD 

scores (DDS, N-DDS and D-DDS) were positively correlated with energy, protein, total fat, SFA 

(g), PUFA (g), MUFA (g), %E from carbohydrate, and lactose (g) (all P<0.005) (table 3.12). The 

only exceptions were for D-DDS which did not significantly correlate to PUFA (g), %E from 

carbohydrate nor lactose (g). The D-DDS score was the only dietary diversity score that was 

significantly positively correlated to %E from SFA (P<0.001).   

Food variety analyses showed that FVS, N-FVS and D-FVS positively correlated to energy (kcal) 

intake. Nutritious-FVS positively correlated to PUFA (g) (P<0.001), MUFA (g) (P=0.05), sugar 

(g) (P=0.02), glucose (g) (P<0.001), fructose (g) (P<0.001) and lactose (g) (P<0.05). 

Discretionary-FVS also positively correlated to PUFA (g) (P=0.01,) and MUFA (g) (P<0.001) but 

also SFA (g) (P<0.001) and %E from SFA (P=0.014) as well as carbohydrate (g), starch (g), sugar 

(g) and sucrose (g) (all P<0.001). 

D-FR positively correlated to energy (P=0.023), fat (g) (P<0.001), SFA (g) (P<0.001), %E from 

SFA (P<0.001) MUFA (g) (P=0.012) carbohydrate (g) (P<0.001), starch (g) (P=0.01), and %E from 

sugar (P=0.01).  
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Table 3.12. Spearman’s correlation coefficients between macronutrients and dietary scores 

DDS, dietary diversity score; N-DDS, nutritious dietary diversity score; D-DDS, discretionary dietary diversity score; FVS, food 

variety score; N-FVS, nutritious food variety score; D-GR, discretionary group ratio (the % of overall food groups consumed 

that were discretionary); D-FR, discretionary food ratio (the % of food items consumed that were discretionary); SFA, 

saturated fatty acid;  PUFA, polyunsaturated fat; MUFA, monounsaturated fat; CHO, carbohydrates, %E, percentage of daily 

energy intake from . P-values calculated using spearman’s two-tailed bivariate correlations, * unreported P value has 

statistical significance at P<0.05, ** unreported P value has statistical significance at P<0.01. All correlations are partial 

correlations, controlling for age, ethnicity and socioeconomic status.  

The significant positive correlation between N-FVS and D-FVS (supplementary figure 3.3 in 

appendix C.3)  (rs=0.614, P<0.001), indicates that nutritious and discretionary food intake 

increased concurrently. 

 

 

Nutrients 

Dietary Diversity Scores Food Variety Scores 
Discretionary 

ratio 

DDS N-DDS D-DDS FVS N-FVS D-FVS D-FR (%) 

r value r value r value r value r value r value r value 

Energy (kcal) 0.229** 0.180** 0.172* 0.243** 0.173* 0.287** 0.165* 

Protein (g) 0.282** 0.261** 0.168* 0.235** 0.208** 0.216** 0.050 

%E Protein 0.147* 0.162* 0.017* -0.021 0.061 -0.144 -0.198** 

Total fat (g) 0.232** 0.200** 0.168* 0.218** 0.146* 0.272** 0.192** 

%E Fat 0.053 0.049 0.008 0.015 -0.013 0.046 0.107 

SFA (g) 0.263** 0.161* 0.264** 0.214** 0.101 0.353** 0.325** 

%E SFA 0.118 0.022 0.171** 0.059 -0.043 0.223** 0.345** 

PUFA (g) 0.153* 0.161* 0.074 0.220** 0.208** 0.179** -0.009 

%E PUFA -0.057 0.032 -0.138 0.036 0.105 -0.094 -0.208** 

MUFA (g) 0.250** 0.203** 0.181** 0.203** 0.137* 0.253** 0.185** 

%E MUFA 0.067 0.065 0.006 0.001 -0.031 0.054 0.487 

CHO (g) 0.120 0.091 0.115 0.193** 0.124 0.248** 0.158* 

%E CHO -0.175* -0.158* -0.097 -0.052 0.073 -0.003 -0.039 

Starch (g) 0.130 0.072 0.147* 0.162** 0.087 0.225** 0.177** 

Sugars (g) 0.091 0.090 0.063 0.200** 0.159* 0.212** 0.076 

%E Sugar -0.111 -0.056 -0.125 0.013 0.055 -0.046 0.144* 

Glucose (g) 0.100 0.096 0.070 0.234** 0.250** 0.126 0.133 

Fructose (g) 0.084 0.069 0.066 0.231** 0.240** 0.132 0.102 

Sucrose (g) 0.052 0.062 0.039 0.164* 0.199 0.222** 0.157* 

Lactose (g) 0.171* 0.184** 0.085 0.146* 0.150* 0.135 -0.024 
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3.5 Discussion 
 

3.5.1 Participant Profile 

The EXPLORE study (Kruger et al., 2015)  aimed to recruit an equal number of NZE, Māori and 

Pacific participants, from each BCPG (225 per ethnic group with 75 per BCPG). However, 

despite utilising culturally sensitive recruitment strategies, aims were not achieved as NZE 

participants were more responsive to recruitment strategies, and obesity was more prevalent 

in all ethnic groups. Although NZE participants were unintentionally the ethnic majority in the 

current study (60%), they were, as intended, spread fairly evenly between the normal, hidden 

and apparent-fat BCPGs (39.7%, 26.9%, 33.3% respectively). However, most Māori and Pacific 

participants able to be recruited (76.6% and 82.9%) were classified into the apparent-fat 

BCPG. Our findings therefore do not support previous research, which argues that Māori and 

Pacific individuals have a higher BMI due exclusively to increased muscle and bone mass (Rush 

et al., 1997; Rush et al., 2003; Swinburn et al., 1996), as our study demonstrated they also 

possessed excess body fat. In our study the hidden-fat BCPG was more prevalent in NZE 

(26.9%) than Māori (17%) or Pacific (2%) participants. Interestingly, national statistics state 

that only 13.3% of Pacific women and 24.2% of Māori women in New Zealand have healthy 

BMIs, compared to 37.3% of NZE women (Ministry of Health, 2018a). However it is important 

to consider that these national statistics do not recognise that NZE women may have hidden 

obesity, therefore more NZE women may be at risk of poor metabolic outcomes than 

expected. 

3.5.2 Overall dietary diversity and food variety 

Median dietary diversity scores and IQRs reveal that 75% of our participants consumed from 

at least 84% of food groups (21/25). In the current study, DDS was profoundly higher than DDS 

in the developing world, where participants consume from as few as 50% (Savy et al., 2005), 

36% (Steyn et al., 2006) or 26% (Azadbakht et al., 2006) of food groups. High DDS was 

demonstrated across all ethnicities and BCPGs, despite Pacific participants’ significantly higher 

deprivation score. Higher deprivation has previously been associated with a reduced DDS 

(Hasan-Ghomi et al., 2012; Hoddinott & Yohannes, 2002; Jayawardena et al., 2013; Ruel, 

2003a). However, our results reflect the conclusions of recent meta-analysis, which state most 

western individuals eat from most food groups regardless of SES and body composition 
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(Salehi-Abargouei et al., 2016). To explore dietary diversity more thoroughly, our investigation 

segregated scores into nutritious and discretionary versions (i.e. N-DDS, D-DDS) as 

recommended in a recent meta-analysis (Salehi-Abargouei et al., 2016). Our N-DDS scores 

demonstrate that NZE and Māori participants consume an additional nutritious food group to 

Pacific participants. Our N-DDS’s align with national surveys, which state that more deprived 

individuals (Pacific participants) consume a less diverse range of nutritious foods (Ministry of 

Health, 2018a). As per DDS, D-DDS was also high (88%), but did not differ between ethnicities 

nor BCPG’s, demonstrating the extraordinary prevalence of discretionary food intake in New 

Zealand.  

Compared to DDS, overall FVS was lower for our participants. Over the seven days, 

participants consumed only 31% of the food items within our DDQ (78 of 237), thus only 10.4 

different foods each day, 6.7 being nutritious. Our results are concerning, given that previous 

research has found women consuming fewer than eight healthy foods per day have a 42% 

increased risk of all-cause mortality compared to those consuming between sixteen and 

seventeen (Michels & Wolk, 2002). Further prospective studies have also noted that poor food 

variety is prevalent in the western diet, and predictive of mortality in women (Kant, 2004; Kant 

& Graubard, 2005; Kant et al., 2000; Kant et al., 1993). Our results confirm the importance of 

food counts remain a commonplace feature of overall diet quality indices (i.e the Healthy 

Eating Index), as poor food variety is evidently a common shortfall in the western diet (Asghari 

et al., 2017; Nicklas et al., 2001; Wirt & Collins, 2009). 

Within our study, overall FVS and N-FVS did not differ between ethnic groups. However, Pacific 

and Māori participants consumed significantly more discretionary food items (D-FVS) than 

NZE participants. National survey data concurs (Ministry of Health, 2012a, 2012b) stating 

Pacific and Māori women are three and two times as likely to consume discretionary foods 

(five times per week) than non-Pacific and non-Māori women. It is also notable that 

participants in the normal-fat BCPG had a higher D-FVS than participants in the hidden-fat 

BCPG, despite their significantly lower BF%. This directly contradicts previous literature where 

increased discretionary food intake was associated with increased BF% (Aburto et al., 2016; 

McCrory et al., 1999; Michels & Wolk, 2002). It is possible that participants in our hidden-fat 

BCPG have higher BF% unrelated to discretionary food intake (i.e. lack of physical activity). It 

is also important to consider that 17.0% of participants in the hidden-fat BCPG underreported 
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their intakes, compared to 10.5% of participants in the normal-fat BCGP according to the 

Goldberg method (Black, 2000). New Zealand research has also found that obese women are 

significantly (14.6%) more likely to underreport their food intake compared to non-obese 

women (Gemming, Jiang, Swinburn, Utter, & Mhurchu, 2014), and similar findings have been 

reported internationally (Hebert et al., 1997; King et al., 2016; Scagliusi et al., 2009; Schoeller, 

1990; Taylor et al., 2019).  

Overall, participants’ within-group FVS’s indicated that participants consumed only one or two 

food items from 60% (15/25) of food groups. Hence, despite DDS being high, overall FVS was 

low. Within-group FVS’s demonstrate that each day participants consumed (to the nearest 

whole number) one variety of flesh food, one variety of vegetarian protein, one variety of 

carbohydrate food, three varieties of fruits and vegetables and four varieties of discretionary 

foods. On the basis of these scores, it is unlikely that participants are achieving national dietary 

recommendations of six daily servings of carbohydrate, five daily servings of fruits and 

vegetables and consuming discretionary foods only occasionally (Ministry of Health, 2018a). 

Participants also consumed one variety of fish and seafood over the week, which again unlikely 

meets the recommendation of two servings of fish a week. The poorly varied intakes of 

carbohydrate, fruits and vegetables, and fish were reflected in participants’ low %E from 

carbohydrate (3.5% below minimum AMDR) and %E from PUFA (0.8% below minimum AMDR, 

rich in grains and seafood). Furthermore, excessive discretionary food intake, was reflected in 

participants’ excessive fat (0.4% above maximum AMDR) and discretionary nutrients intake 

(%E from SFA and sugar 3.7% and 11.4% above maximum recommendations respectively). Our 

findings were unlike the most recent national survey which found women to consume 

carbohydrate (46.7 %E) and fat (33.8 %E) within AMDR’s. Differences between our results and 

national data may be due to their inclusion of demographics beyond our cohort, such as 

additional age groups and ethnic groups (i.e. Asian and Indian women). However, similar to 

our findings, the survey found %E from SFA was excessive (13.1%), and %E from PUFA 

insufficient (4.9%) (Ministry of Health, 2009). Our participants’ diets reflect the typical 

patterns of the western diet reported in observational studies internationally; low in nutritious 

carbohydrate and excessive in %E from fat, SFA and sugar (Kaidar-Person, Person, Szomstein, 

& Rosenthal, 2008; Sánchez et al., 2016; Schweiger, Weiss, Berry, & Keidar, 2010).  
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Within-group FVS’s also elucidate the different %E and macronutrient intakes of each ethnicity 

and BCPG. Māori had a combined carbohydrate FVS of seven, compared to eight and 10 for 

NZE and Pacific participants respectively. Nutritional analysis reflected the lower carbohydrate 

variety of Māori, as they consumed significantly lower %E from carbohydrate (31.6%) 

compared to NZE (42.5%) and Pacific (43.3%) participants. Interestingly, past research has not 

demonstrated a significant difference between the carbohydrate intake of Māori versus non-

Māori (Metcalf et al., 2008; Metcalf et al., 1998; Ministry of Health, 2012a, 2012b). Our results 

may have been affected to some extent by the popularisation of low carbohydrate diets. For 

example, more than 75% of Americans reported to be actively reducing their carbohydrate 

intake in 2018 (International Food Information Council, 2019), thus usual participant 

carbohydrate intakes may be reduced, perhaps more so for Māori. Māori and Pacific 

participants had higher within-group FVS’s for discretionary dairy, carbohydrates, takeaways 

and snacks (Pacific only), however they did not consume more fat, SFA or sugar which are 

commonly found within these discretionary foods. Our contradictory finding may be the result 

of 27.6% of Pacific and 23.4% of Māori participants underreporting their sources of dietary fat 

in our FFQ compared to 16.3% of NZE participants. Further New Zealand studies have also 

demonstrated that underreporting is 10.7% and 8.2% greater in Pacific and Māori women than 

NZE women (Gemming et al., 2014).  

For BCPGs, within-group FVS’s demonstrated that the apparent-fat BCPG consumed the 

widest variety of poultry, as well as fast food and takeaways. Additionally the T20 of the 

apparent-fat BCPG had beef ranked 5th (17th normal-fat, 20th hidden-fat), and more 

discretionary foods (four) than other BCPGs. These findings provide an explanation as to why 

the apparent-fat BGPC consume significantly more total fat, %E from SFA (common in flesh 

foods and discretionary foods) and %E from MUFA (present in nutritious foods (nuts 

[28g/100g], avocado [10g/100g]), but more abundant in deep-frying oils such as canola 

[61g/100g] vegetable [48g/100g] and sunflower oil [46g/100g]). The apparent-fat BCPG also 

consumed a reduced variety of cheese, whilst consuming perhaps not coincidentally, less 

sugar in the form of lactose. Along with cheese, participants in the apparent-fat BCPG 

consumed a lower variety of other vegetarian proteins (eggs, legumes) and cereals. Our results 

reflect the outcomes of a recent meta-analysis, which found dietary patterns significantly 
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higher in red meat and poultry, and lower in vegetarian proteins and grains are more common 

in obese individuals (Soltani, Shirani, Chitsazi, & Salehi‐Abargouei, 2016).  

3.5.3 Dietary diversity, food variety and obesity 

In the current study, non-obese participants demonstrated a significantly higher DDS than 

obese participants (as defined by BF%, not BMI). Furthermore, participants in the highest 

tertile of DDS had a WC (75.7cm), BMI (24.4kg/m2), and BF% (31.5%) that was non-obese, and 

significantly lower than participants in the lowest DDS tertile (WC [P=0.015], BMI [P=0.048] 

and BF% [P=0.002]). Previous research has also found that DDS is negatively associated with 

obesity, as women with the highest DDS demonstrated a significantly lower BMI (24.8kg/ m2 ) 

(Kant & Graubard, 2005), or the lowest probability of obesity (OR 0.21 (Azadbakht & 

Esmaillzadeh, 2011), OR 0.49 (Abris et al., 2018). In our study, participants in the lowest DDS 

tertile demonstrated an obese WC (80.1cm) and BF% (35.2%) alongside an overweight BMI 

(26.2kg/m2). Similarly, past cross sectional studies have demonstrated that participants within 

the lowest DDS tertile have an overweight BMI (26.0kg/m2) (Kant & Graubard, 2005). 

Therefore, our results and others suggest an increased DDS may be be associated with 

reduced obesity, however it is important to consider that conflicting research exists. For 

example individuals in the highest DDS tertiles have also previously demonstrated an obese 

WC (80.4cm) (Jayawardena et al., 2013) an overweight BMI (26.9kg/m2), and a higher 

probability of obesity (OR 1.45) (Azadbakht et al., 2006).  

In the current study, the highest N-DDS tertile had a WC, BMI and BF% that was significantly 

lower than the WC (P<0.001), BF% (P=0.011) and BMI (P=0.004) of the lowest N-DDS tertile. 

An American study found comparable results, as participants who consumed from all six 

nutritious food groups had a significantly lower BF% and BMI than those who consumed from 

less than three (Kant & Graubard, 2005). In the current study, participants in the highest N-

FVS tertile also had a significantly lower BF% (32.6%) versus the BF% of the lowest N-FVS tertile 

(35.2%). A recent study has also found increased nutritious food counts to be associated with 

reduced BMI and BF% (Abris et al., 2018; Foote et al., 2004). Regarding discretionary food 

intake, the current study was unable to demonstrate any significant difference in 

anthropometry between tertiles of D-DDS or D-FVS. Therefore, contrary to expectation, 

participants who consumed more discretionary foods were not significantly more obese. We 

propose that the significant relationship between increased DDS and reduced anthropometry 
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was thus more attributable to the possible benefits of increased nutritious food intake than 

to any impact of discretionary food intake. Our proposal is further supported by the way in 

which DDS, FVS, N-DDS and N-FVS correlated significantly to a reduction in WC, BMI and BF%, 

whilst D-DDS and D-FVS did not. Previous prospective studies have also suggested that 

consuming more nutritious foods may be more important for women’s metabolic health than 

omitting discretionary foods (Abris et al., 2018; Kant, 2004; Kant et al., 2000; Michels & Wolk, 

2002) 

Of our 25 disaggregated food groups, 11 (fish and seafood, eggs, dairy, cheese, cereals, 

vitamin A-rich F&V, overall vegetables, fruits, legumes, drinks and alcohol) demonstrated a 

significant negative correlation to each of WC, BMI and BF%, even when controlling for age, 

SES and ethnicity. Previous research has demonstrated similar findings, with body fatness 

inversely correlating to dairy FVS (McCrory et al., 1999; Tian et al., 2017) fruit and vegetable 

FVS (Abris et al., 2018; Aburto et al., 2016; McCrory et al., 1999) and legume FVS (Aburto et 

al., 2016). We propose that the inverse correlation between drinks and anthropometry in the 

current study was because many drinks in our DDQ were not necessarily high in energy, SFA 

nor sugar (i.e. water, black coffee and tea). We further supported this proposal by creating a 

sugar-sweetened beverages (SBBs) group, and demonstrating that it did not demonstrate this 

same negative (or any) correlation to WC, BMI and BF%. Our results therefore directly contrast 

meta-analysis which suggest SSB consumption positively correlates positively to body fatness 

(Malik, Schulze, & Hu, 2006). It was also unexpected that meat, poultry and most discretionary 

food groups did not demonstrate a consistent positive correlation to increased 

anthropometry, as has been previously demonstrated with both meat FVS (McCrory et al., 

1999; Michels & Wolk, 2002) and discretionary FVS (Aburto et al., 2016; McCrory et al., 1999; 

Michels & Wolk, 2002).  

Our remaining findings will be discussed in relation to the two main hypotheses in the 

literature; the DD-energy hypothesis, and the DD-Discretionary hypothesis.  

3.5.4 The DD-energy hypothesis 

To support the well described DD-energy hypothesis we would first expect that higher dietary 

diversity would associate with an increase in energy intake (Azadbakht & Esmaillzadeh, 2012) 

(Azadbakht & Esmaillzadeh, 2011; Azadbakht et al., 2006; Bénéfice et al., 2007; Bezerra & 

Sichieri, 2011; Foote et al., 2004; Jayawardena et al., 2013; Ponce et al., 2006; Rolls & 
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Hetherington, 1989). We found that participants in the highest tertile of DDS and FVS 

consumed significantly more energy per day than those in the lowest tertiles of each, 

therefore supporting the DD-energy hypothesis. In addition, both DDS and FVS positively 

correlated to an increase in energy intake, thus supporting the hypothesis further. However, 

in previous research, this increase in energy intake has then been associated with 

consequential obesity (Foote et al., 2004; Jayawardena et al., 2013; Ponce et al., 2006; Rolls 

& Hetherington, 1989), whereas, as discussed, our study suggests DDS is associated with 

reduced obesity. We propose that improved nutritious DDS and FVS may not be associated 

with poor anthropometric outcomes, despite a corresponding increase in energy intake. 

Similar to our findings, other studies have also demonstrated that those with the highest DDS 

and FVS consume more energy, but also demonstrate preferable BMIs and BF% in women 

(Abris et al., 2018; Azadbakht & Esmaillzadeh, 2011, 2012; Kant et al., 1993) and men (Kant & 

Graubard, 2005).   

3.5.5. The DD-discretionary hypothesis 

Based on the DD-discretionary hypothesis, we would expect that obese participants would 

consume a wider variety of discretionary foods (de Oliveira Otto et al., 2015; Ponce et al., 

2006). In the current study, this was not true, as obese participants (based on BMI, BF% and 

BCPG) demonstrate neither a higher D-DDS nor a D-FVS. Furthermore, there was no 

correlation between a higher D.DDS nor D.FVS and an increase in WC, BMI nor BF%, which 

directly contrasts past literature (Foote et al., 2004; McCrory et al., 1999). The DD-

discretionary hypothesis also suggests that consuming a wider variety of discretionary foods 

is associated with an increased intake of discretionary nutrients (de Oliveira Otto et al., 2015; 

Ponce et al., 2006). Tertile analysis revealed that participants with a higher D.FVS (but not 

D.DDS) did have a higher intake of SFA and sucrose (a surrogate measure of added sugar used 

previously in New Zealand (Kibblewhite et al., 2017), thus supporting this portion of the 

hypothesis. Furthermore, discretionary-FVS positively correlated to %E from SFA and sucrose, 

whilst N-FVS did not.  

 

Interestingly, as well as discretionary nutrients participants in the highest tertile of D-FVS 

consumed more nutritious nutrients, such as glucose and fructose and D-FVS positively 

correlated to %E from protein and PUFA – two nutrients which have been associated with 
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improved anthropometric outcomes in multiple meta-analysis (Bender et al., 2014; Clifton, 

Condo, & Keogh, 2014; Du, Jin, Fang, & Su, 2015; Wycherley, Moran, Clifton, Noakes, & 

Brinkworth, 2012; Zhang, Liu, Zhao, & Tian, 2017). A possible cause for this finding is how D-

FVS positively correlates to N-DDS (rs=0.614, P<0.001) in our study, and others (Bénéfice et 

al., 2007; Bezerra & Sichieri, 2011; de Oliveira Otto et al., 2015; Jayawardena et al., 2013; 

Ponce et al., 2006). Therefore, participants who consume more discretionary foods, also 

consumed a wider range of nutritious foods and thus nutritious nutrients. Metabolic and 

mortality risk in women drops by 5% with each additional healthy food consumed (Michels & 

Wolk, 2002), thus is possible that nutritious food intake may be mitigating the obesogenic 

effects of increased discretionary food intake in our study, as proposed by authors previously 

(de Oliveira Otto et al., 2015; Michels & Wolk, 2002). This could explain why we were unable 

to find a clear relationship between body fatness, D-DDS and D-FVS.  

3.5.6 A possible new diversity score 

The discretionary food ratio is the percentage of the total food items a participant consumes 

that are discretionary. Therefore, it considers D-FVS whilst taking overall FVS and N-FVS into 

account. Overall, 37.4% of the food items consumed by participants were discretionary, which 

is excessive given that both the U.S and Australian guidelines suggest no more than 14% of 

energy intake should be from discretionary foods (Australian Government, 2013; Department 

of Agriculture (US), 2005). Discretionary food has also been demonstrated to be excessive (30-

40% of daily energy) in Australian and American children (Johnson et al., 2017; Keast, Fulgoni, 

Nicklas, & O'Neil, 2013), and Mexican adults (Aburto et al., 2016), however these studies 

quantified energy intakes, instead of using simple food counts as per the current study. In our 

study, D-FR was significantly higher in all obese groups versus non-obese groups (defined by 

BCPG, BF% and BMI) and correlated significantly to an increase in WC, BMI and BF%. 

Additionally, participants in the highest D-FR tertile had an obese WC, BMI and BF% which was 

significantly higher than the WC, BMI and BF% of the lowest D-FR tertile. Therefore, D-FR may 

provide a more comprehensive way to measure dietary diversity, which considers the 

detriment of discretionary food variety and the benefits of nutritious food variety 

concurrently.  

The current study had many strengths, the first being the rigorous exclusion criteria of the 

EXPLORE study, outlined in Kruger et al. (2015), which controlled for typical female hormone 
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and adiposity fluctuations. Our study also utilised WC and BF%, thus overcoming any possible 

limitations of BMI. Finally, by using a qualitative survey (DDQ), we believe our FVS’s may be 

less subject to under-reporting and behavioural change, than FVS’s collected using food 

records and FFQs. Our study also had limitations, firstly, as we utilised a data set from the 

EXPLORE study (Kruger et al., 2015), our study had a cross-sectional design, which limits the 

causality and reproducibility of our results. Additionally, we were unable to meet 

requirements of our power calculation, thus increasing the likelihood that significant results 

were undetected. We asked participants to complete their DDQ at home, however despite 

several attempts to retrieve the data, participant drop out was high. Due to poor participant 

response, we utilised a relatively small sample size (n=235), which under represented Māori 

(n=47) and Pacific participants (n=47), and does not reflect the cultural diversity of New 

Zealand, thus limiting the applicability of our findings. It is also possible that dietary under-

reporting occurred in our FFQ which may have impacted our nutritional analysis. Finally, as 

the data was not available we did not control for physical activity, which impacts body 

composition as per diet.   

3.5.7 Conclusions and recommendations 

We found that NZE women more commonly had hidden body fat than Māori and Pacific 

women. Therefore, BF% should be used whenever feasible when screening for NZE obesity 

in particular. Our study was the first to describe the high dietary diversity, but comparatively 

lower food variety of New Zealand women, across ethnicities and BCPs in the women’s 

EXPLORE study (Kruger et al., 2015). Food variety was especially poor within carbohydrate, 

fruit and vegetable groups and high within discretionary food groups, which was reflected in 

the women’s low carbohydrate, low PUFA, high SFA diets. Increased DDS and N-DDS was 

associated with reduced measures of obesity, despite an associated increase in energy 

intake. Surprisingly, discretionary food intake did not demonstrate clear links to either 

discretionary nutrient intake or poor anthropometry, thus we suggest that increased 

nutritious food intake may mitigate the well reported obesogenic effects of discretionary 

food intake. Our new D-FR requires further validation, but could provide a new way to 

measure dietary diversity that considers the synergies between nutritious and discretionary 

food intake. Overall, our study adds to a body of research that suggests increased dietary 

diversity, especially within nutritious foods, may be associated with reduced obesity. Health 
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promotion in New Zealand should focus on promoting the consumption of a wide and 

diverse variety of nutritious foods across all ethnic groups, rather than solely the omission of 

discretionary food items, as per other effective health campaigns internationally (Grieger, 

Johnson, Wycherley, & Golley, 2017; O’Hara et al., 2016).   
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Chapter Four: 

Conclusions and recommendations 
 

4.1 Overview  
 

The aim of the current study was to utilise a newly validated DDQ to explore the dietary 

diversity and food variety of NZE, Māori and Pacific women and how dietary diversity and food 

variety may link to different BCPs and obesity. To do this, the current study calculated the 

nutritious and discretionary dietary diversity and food variety scores of each woman, and 

utilised BCPGs to measure obesity, alongside BF%, WC and BMI. Body composition profiles 

consider BMI and BF% concurrently to capture the dangerous hidden-fat BCP (BMI <30kg/m2 

with BF% >30%), which is more common in NZE women, as well as the apparent-fat BCP (BMI 

>30kg/m2 with BF% >30%). To date, there is no study which examines how dietary diversity, 

as an index of diet quality, differs between ethnicities and BCPGs in New Zealand. If the role 

dietary diversity plays in obesity is better understood, it would allow dietary diversity to be 

incorporated into public health interventions that focus on optimising the quality of the diet, 

which experts believe is critical to prevent the growing economic, physical, social costs of 

obesity (Freeland-Graves & Nitzke, 2013; Nitzke et al., 2007).  

The aim of this study was met through several objectives:   

4.2 Aims and objectives  
 

Objective 1 - To explore the dietary diversity and food variety of New Zealand NZE, Māori and 

Pacific women 

 

Overall DDS was high, 22 (21, 23), as participants (all ethnic groups and BCPGs) ate from most 

(88%) of the food groups. Overall food variety 73 (57, 88), was much lower, as participants ate 

only 30.8% of food items included in the DDQ over the seven day period. The daily FVS 

indicated that participants ate 10.4 foods daily, of which 6.7 were nutritious. We propose that 

food variety in our participants is very low, a concerning result, given that previous authors 

have suggested consuming fewer than eight healthy foods each day increases mortality risk 

(Michels & Wolk, 2002). To explore food variety further, we also considered within-group 

FVSs. Participants consumed two or fewer food items from most food groups (15/25, 60%), 
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explaining why participants’ DDS was high whilst FVS was low. Within-group FVSs 

demonstrated that each day, participants ate only one variety of carbohydrate food, three 

varieties of fruits and vegetables, four varieties of discretionary foods, as well as one variety 

of seafood across the week. Therefore, participants are unlikely to be adhering to national 

dietary guidelines outlined by the Ministry of Health (2015). Our within-group FVSs provide an 

explanation as to why participants ate a diet that was (compared to national guidelines) low 

in %E from carbohydrate (i.e. cereals) and PUFA (i.e. grains and seafood), whilst excessive in 

fat and %E from SFA and sugar (i.e. discretionary foods). 

 

Our study also highlighted the differences and similarities in dietary diversity and food variety 

for NZE, Māori and Pacific women. Despite lifestyle differences (evidenced by the significantly 

increased SES score, BMI and BF% of Pacific participants in particular) neither overall median 

DDS nor D-DDS differed between ethnicities. However, based on median N-DDS, Pacific 

participants consumed from fewer nutritious food groups (14/16) than Māori and NZE 

participants (15/16) (both P<0.01). We propose that regardless of SES and body composition, 

the diets of New Zealand women are diverse, however the nutritious diversity consumed by 

Pacific participants is significantly lower than other ethnic groups.  

 

When considering food variety, NZE had a lower D-FVS (24/94) than both Māori (30/94) and 

Pacific (29/94) participants (all P<0.001). Our results indicate that Māori and Pacific women 

did not consume a wider variety of overall food items, but did consume a wider variety of 

discretionary food items. The Ministry of Health (2012a, 2012b) have previously found that 

Māori and Pacific women consume pre-packaged convenience foods more frequently, 

however, it is new knowledge that Māori and Pacific women also consume a wider variety of 

discretionary food items.   

 

Objective 2 - To examine the relationship between dietary diversity and different body 

composition profiles in New Zealand women 

 

After post-hoc adjustments there were no significant differences between BCPGs in DDS, D-

DDS, FVS nor N-FVS. We did however highlight that participants within the normal-fat BCPG 
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had a higher D-FVS (indicating they consumed a wider variety of discretionary food items) than 

participants in the hidden-fat BCPG (P=0.012). This was a surprising result, given that 

numerous previous studies have instead found a positive association between discretionary 

food intake and body fatness (Aburto et al., 2016; Cohen et al., 2010; Guenther et al., 2008; 

Johnson et al., 2017; Nitzke et al., 2007). We propose that the hidden-fat BCPG may have 

higher BF% for reasons other than discretionary food intake (i.e. lack of physical activity, which 

we did not measure) or, by using the Goldberg method (Black, 2000), we suggest that 17.0% 

of the hidden-fat BCPG may have under-reported their dietary intakes.  

We found that participants in the apparent-fat BCPG consumed a wider variety of poultry and 

fast food and takeaways, and had more discretionary foods in their T20. They also consumed 

a lower variety of vegetarian proteins such as cheese, eggs, legumes and cereals. Our results 

reflect the outcomes of a recent meta-analysis, which suggests that dietary patterns 

significantly higher in red meat and poultry, and lower in vegetarian proteins and grains may 

be more common in obese individuals (Soltani et al., 2016).  

 

Objective 3 - To examine the relationship between dietary diversity and obesity 

 

To investigate dietary diversity and obesity, we regrouped participants based on obese cut-

offs (determined by the World Health Organisation (2018b), for BF% (below and above 30%) 

and BMI (below and above 30kg/m2). We propose that consuming more nutritious food 

groups is negatively associated with obesity, as the highest tertile of N-DDS had a significantly 

lower WC (P=0.015, P<0.001), BMI (P=0.048, P=0.004) and BF% (P=0.002, P=0.011) than the 

lowest. The highest tertile of N-FVS also had a significantly lower BF% than the lowest. 

Correlational analysis concurred as N-DDS, and N-FVS inversely correlated to WC, BF% and 

BMI. Surprisingly, we were unable to find a clear link between discretionary food intake and 

obesity. Our results advocate for the importance of consuming a wide range of nutritious 

foods, as it may be more important for preventing female obesity than reducing discretionary 

food intake. The same has been suggested previously (Michels & Wolk, 2002).  
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Sub-objective 3.1 - To examine the relationship between dietary diversity, increased 

energy intake and obesity 

 

The highest tertiles of DDS and FVS both consumed significantly more energy than the lowest 

tertiles of DDS (P=0.016) and FVS (P=0.001). However, despite this associated increase in 

energy intake, increased dietary diversity and food variety was not associated with obesity as 

noted by objective 3. Our findings therefore suggest that DDS especially within nutritious food 

groups, is associated with reduced obesity, despite a corresponding increase in energy intake.  

 

Sub-objective 3.2 - To examine the relationship between dietary diversity and 

increased discretionary food and nutrient intake, and obesity 

 

Our tertile analysis demonstrated that participants in the highest tertile of D-FVS consumed 

more energy, SFA and sucrose than the lowest, indicating that consuming more discretionary 

foods is associated with an increased intake of discretionary nutrients. However, our analysis 

demonstrated that participants who consumed a wider range of discretionary foods did not 

have a higher WC, BMI or BF%. There was also no correlation between a higher D-DDS or D-

FVS and an increase in WC, BMI nor BF%. Therefore, there may be a relationship between 

increased discretionary variety and increased discretionary nutrient intake, however we were 

not able to say that discretionary food intake was associated with obesity. Our findings may 

be due to the positive correlation between D-FVS and N-FVS, thus increased nutritious food 

intake may be mitigating the possible detrimental effects of increased discretionary food. We 

propose it may be preferable to consider N-FVS and D-FVS in relation to each other (possibly 

using our suggestion of a D-FR score), to fully understand the impact of discretionary variety 

on obesity. The D-FR score has benefits as unlike other diet quality scores, it can be calculated 

using DDQs, (a relatively simple non-quantitative dietary assessment technique) and may 

provide a method of examining the whole diet, more comprehensively than N-FVS and D-FVS 

alone.   

So therefore our overall objectives were met as follows – dietary diversity was high across all 

ethnic and BCPGs, however food variety was profoundly lower. Food variety was particularly 
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poor within certain food groups such as carbohydrates, fruits and vegetables, legumes and 

seafood whilst discretionary food variety was high. Discretionary food variety was particularly 

high within Māori and Pacific participants. We do not support the DD-energy hypothesis nor 

the DD-discretionary hypothesis. Instead, we propose that consuming from a wide range of 

nutritious food groups may be associated with reduced obesity in women, and that nutritious 

and discretionary food intake should be considered in tandem.  

 

4.3 Strengths and weaknesses of the study 

 

The current study finds strength in the rigorous exclusion criteria of the EXPLORE study (Kruger 

et al., 2015), which controlled for all fluctuations of hormones, adiposity and food choices 

between participants, as well as rigorous anthropometric measures. Whilst many previous 

dietary diversity studies rely solely on either BMI, or BF%, or WC, the current study utilised all 

three measurements, both separately and concurrently in the form of BCPGs. By using 

multiple definitions of obesity, we controlled for any possible limitations of BMI. Additionally, 

by exploring BMI and WC, which are easily measured in a clinical setting, our study’s findings 

are relevant to public health, as measuring BF% with DXA is rarely feasible. Finally, our study 

has strength by examining dietary intake following a qualitative approach. By retrospectively 

measuring food intakes with our DDQ, and not relying on food records and exact quantities, 

our study may have overcome the limitations of quantitative studies, such as behavioural 

change.  

The most pressing limitation of this study is its cross-sectional design which means our results 

are limited in respect to causality and reproducibility. The current study relied on participants 

returning their completed DDQ’s which they were asked to complete at home. Despite several 

attempts to retrieve the survey results, participant drop out was high. As a results, we utilised 

a relatively small sample size (n=235), which under represented Māori (n=47) and Pacific 

participants (n=47) due to reduced participant response from these ethnic groups.  We also 

did not include ethnic groups such as Asian and Indian within our study. Therefore, our study 

does not match the true ethnic distribution of New Zealand and our results may not be a true 

reflection of the dietary diversity and food variety of New Zealand women. In addition, we 
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were unable to meet the requirements of our power calculation, therefore increasing the 

likelihood of not detecting significant results within our data. The current study also relies on 

correlational analysis in several instances, which may be weakened by not controlling for 

important factors that affect body composition such as physical activity. There were also 

weaknesses in the nutritional analysis of this study, as it relied on results from an FFQ, which 

is a retrospective dietary assessment method that is not able to enumerate exact intakes as 

per a weighed food record. A FFQ is however useful when ranking individuals in regards to 

their dietary intakes as per the current study. Next, our study relied on SFA and sucrose as 

they are commonly used proxy measures of discretionary nutrient intake, however these 

measures have been said to overestimate discretionary nutrient intake (Kibblewhite et al., 

2017). In addition, the current study relied on correlational analysis between FFQ and DDQ 

data as part of our nutritional analysis, however, these surveys covered different time periods 

(the previous month, versus the previous week). Therefore it is possible that participants 

consumed different foods over these time periods, thus limiting the validity of our results. 

Finally, it is important to consider that the food groups in our DDQ were disaggregated into 

more nutritious foods (143), than discretionary foods (94), therefore our results may 

underestimate the proportion of the diet made up by discretionary foods.    

 

4.4 Recommendations 

 

4.4.1 Recommendations for dietary diversity focused health promotion 

Based on our results, to encourage a healthy body composition, we recommend that overall 

nutritious dietary diversity and food variety should be endorsed by health promotion across 

all ethnicities and socio-economic groups. Health promotion programmes should especially 

focus on the consumption of a wide range of carbohydrates, fruits, vegetables, seafood and 

vegetarian proteins (i.e. legumes) to best mend the possible dietary gaps highlighted by our 

study. A focus on carbohydrates and cereals may be of particular importance to Māori, whilst 

a focus on increasing the consumption of vegetarian proteins (with a reduced reliance on 

poultry) may be important for those with apparent-fat.   
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We believe that DDQ surveys can provide a new method to compare nutritious food intake to 

discretionary food intake at both an individual and group level, by using simple food counts 

that do not require high health literacy or numeracy skills. Given that nutritious food variety 

especially lacked within our study, and when increased had a strong association to reduced 

obesity markers, health promotion should consider educating the public on how to improve 

their ratio of nutritious to discretionary food intake by promoting the substitution, rather than 

omission, of discretionary food items. This type of health promotion has proven to be 

especially beneficial for obesity prevention internationally (Grieger et al., 2017; O’Hara et al., 

2016). It is also critical that this approach is culturally tailored to Māori and Pacific who 

routinely suffer from health and wellness disadvantageous such as increased rates of obesity 

(Ministry of Health, 2018a), and according to our results also consume a wider variety of 

discretionary food items.  

4.4.2 Recommendations for future research 

• Similar future investigations should always consider and include discretionary food 

items as they constitute a significant portion of the first world diet. 

• Further consider the impact of dietary diversity and food variety of New Zealanders 

by:   

o Using a larger number of participants, a cross-sectional group outside of 

Auckland, or other ethnicities (i.e. Asian) or male participants 

o Conducting a longitudinal study to better understand the change in dietary 

diversity and food variety over time, in different age groups 

o Comparing other biomarkers beyond anthropometric measures dietary 

diversity and food variety (i.e. blood pressure, blood lipids, fasting glucose) 

o Investigating the obesogenic impact of food variety within each nutritious and 

discretionary food group individually 

• Further consider the impact of discretionary food variety in relation to nutritious food 

variety by: 

o Validating D-FR scores and investigating insightful cut offs that we can 

recommend for improved anthropometry 
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Appendices 

Appendix A – New Zealand women’s food frequency questionnaire 
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Appendix B – Dietary diversity questionnaire 
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Appendix C.1 

Supplementary table 1. Median and mode food variety scores from both nutritious and discretionary food groups over a seven day period segregated by 

ethnicity 
Food group 
(# of food 
items in 
group) 

Median Food Variety Scores 

P- value  
% of participants who consumed each # of food items (to nearest whole number) 

Mode Score Highlighted 
Ethnicity 

Overall 
n=235 

NZE 
n=141 

Māori 
n=47 

Pacific 
n=47 

Meat (6) 
2  

(1,3) 
2 (1,2) 2 (1,3) 2 (1,3) 0.290 

# 0 1 2 3 4                 

NZE 13 37 30 17 2                 

Māori 13 28 21 34 4                 

Pacific 13 34 23 23 6                 

Poultry (4) 
1 

 (1,2) 
1 

(1,1)a,b 

1 
(1,2)a 

2 
(1,2)b <0.001 

# 0 1 2 3 4                 

NZE 12 69 17 2 0                 

Māori 6 47 45 2 0                 

Pacific 9 21 55 13 2                 

Fish and 
seafood (9) 

1 
 (0,3) 

1  
(0,2)a 

2 
(1,4)a 2 (0,3) 0.031 

# 0 1 2 3 4 5 6 7 8 9            

NZE 32 24 20 9 8 5 2 0 1 0            

Māori 21 17 19 13 9 11 4 4 2 0            

Pacific 30 13 19 17 4 2 6 6 0 2            

Eggs (1) 
1 

 (1,1) 
1 

(1,1)a 

1 
(1,1)b 

1 
(1,1)a,b 0.015 

# 0 1                    

NZE 9 91                    

Māori 6 94                    

Pacific 23 77                    

Nutritious 
dairy (9) 

2 
 (2,3) 

3  
(2,3) 

2 (2,3) 
2  

(1,4) 
0.998 

# 0 1 2 3 4 5 6               

NZE 4 16 30 32 14 4 1               

Māori 2 21 30 23 13 6 4               

Pacific 4 23 26 17 19 9 2               

Cheese (2) 
1 

 (1,2) 
1 

(1,2)a 

2 
(1,2)b 

1 
(0,2)a,b <0.001 

# 0 1 2                   

NZE 9 42 50                   

Māori 6 38 55                   

Pacific 36 34 30                   

Breads (6) 
2 

 (1,3) 
2 (1,3) 2 (2,4) 3 (1,4) 0.026 

# 0 1 2 3 4 5 6               

NZE 4 22 38 24 9 2 0               

Māori 2 19 30 21 19 9 0               

Pacific 6 19 17 23 26 4 4               
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Food group (# 
of food items 

in group) 

Median Food Variety Scores 
P- 

value 
 

% of participants who consumed each # of food items in each food group (to nearest whole 
number) 

Mode Score Highlighted 

Ethnicity 

Overall 
n=235 

NZE 
n=141 

Māori 
n=47 

Pacific 
n=47 

Cereal (13) 
4 

 (3,5) 
4 

(3,5) 
4 

(3,6) 
4 

(3,6) 
0.623 

# 0 1 2 3 4 5 6 7 8 9 10 11 12         

NZE 5 3 10 18 26 18 11 5 1 3 1 0 0         

Māori 6 2 11 21 21 11 4 6 4 6 6 0 0         

Pacific 2 11 9 15 17 13 13 0 9 6 2 2 2         

Starchy 
vegetables 

(9) 

2 
 (1,3) 

2 
(1,3)a 

2 
(1,3) 

3 
(2,4)a <0.001 

# 0 1 2 3 4 5 6 7              

NZE 11 26 33 22 4 1 3 0              

Māori 6 21 40 19 9 4 0 0              

Pacific 11 13 17 19 19 15 4 2              

Vitamin A-
rich F & V 

(23) 

8 
(6,10) 

7 
(6,9) 

8 
(6,11) 

7 
(4,12) 

0.242 

# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

NZE 0 1 1 2 5 9 20 13 16 11 9 6 3 2 1 1 0 1 0 0 0 

Māori 2 0 4 0 4 9 11 6 15 11 11 13 6 0 4 0 0 0 2 2 0 

Pacific 3 1 0 15 11 6 6 11 9 4 2 4 9 9 2 4 2 0 0 0 2 

Vitamin C-
rich F & V 

(14) 

4 
 (2,6) 

4 
(3,6) 

4 
(3,6) 

3 
(1,6) 

0.634 

# 0 1 2 3 4 5 6 7 8 9 10 11 12 13        

NZE 4 6 12 26 11 11 16 9 4 1 0 1 0 0        

Māori 4 9 11 15 13 15 17 6 0 6 0 2 2 0        

Pacific 13 13 13 13 6 9 11 9 2 0 2 4 4 2        

Other 
vegetables 

(15) 

7 
 (5,8) 

7 
(5,8) 

7 
(5,9) 

6 
(4,8) 

0.256 

# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14       

NZE 2 1 3 7 11 10 13 16 16 11 3 4 2 1 0       

Māori 2 0 4 2 9 15 9 11 17 21 4 0 2 2 2       

Pacific 0 2 4 11 19 13 4 15 9 6 11 2 4 0 0       

Other fruits 
(12) 

5 
 (3,7) 

5 
(4,6) 

5 
(4,7) 

6 
(3,8) 

0.089 

# 0 1 2 3 4 5 6 7 8 9 10 11 12         

NZE 3 7 6 9 21 21 16 9 7 0 1 1 0         

Māori 0 4 9 11 13 19 13 9 15 2 2 4 0         

Pacific 4 6 6 15 9 6 11 15 11 2 9 4 2         

Legumes (7) 
1 

 (0,2) 
1 

(0,2)b 

1 
(0,2) 

0 
(0,1)b 0.016 

# 0 1 2 3 4 5 6 7              

NZE 38 23 18 14 5 2 0 0              

Māori 36 30 17 11 2 2 0 2              

Pacific 62 19 9 2 4 2 2 0              
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Food group 
(# of food 
items in 
group) 

Median Food Variety Scores 

P- value  
% of participants who consumed each # of food items in each food group (to nearest whole number) 

Mode Score Highlighted 

Ethnicity 

Overall 
n=235 

NZE 
n=141 

Māori 
n=47 

Pacific 
n=47 

Nuts and 
seeds (4) 

2 
 (1,3) 

2 (1,3) 2 (1,2) 2 (1,3) 0.636 

# 0 1 2 3 4                 

NZE 16 25 33 23 3                 

Māori 21 28 32 13 6                 

Pacific 23 23 19 28 6                 

Oils and 
fats (8) 

3  
(2,4) 

3 
(2,3)a 

2 
(2,3)b 

3 
(2,4)a,b 0.009 

# 0 1 2 3 4 5 6 7              

NZE 1 11 38 28 16 4 2 0              

Māori 0 15 36 28 13 2 4 2              

Pacific 2 4 23 28 21 15 2 4              

Disc meat (8) 
2  

(1,3) 
2 

(1,2)a 

2 
(1,4)a 2 (1,3) 0.031 

# 0 1 2 3 4 5 6 7 8             

NZE 16 33 27 12 9 2 1 0 0             

Māori 13 23 15 17 17 4 6 2 2             

Pacific 19 23 23 11 2 15 2 4 0             

Disc dairy 
products (7) 

1 
 (1,2) 

1 
(0,2)a,b 

2 
(1,3)a 

2 
(1,3)b <0.001 

# 0 1 2 3 4 5 6               

NZE 26 36 24 12 0 1 1               

Māori 13 34 21 19 9 4 0               

Pacific 11 32 21 19 4 11 2               

Disc breads 
cereals & 
starchy 

vegetables 
(5) 

0 
 (0,1) 

0 
(0,1)a,b 

1 
(0,1)a 

1 
(0,2)b <0.001 

# 0 1 2 3 4 5                

NZE 67 27 5 1 0 0                

Māori 47 30 11 6 4 2                

Pacific 36 32 17 6 4 4                

Drinks (15) 
5  

(4,7) 
5  

(4,6)a 

6 
(4,8)a 5 (4,8) <0.001 

# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14       

NZE 1 1 8 13 21 20 15 9 9 1 2 1 0 0 0       

Māori 0 0 2 13 15 6 26 13 9 4 6 0 4 2 0       

Pacific 0 2 6 9 15 23 9 9 6 6 6 2 2 2 2       

Alcohol (7) 
1 

 (0,2) 
2  

(1,3)a 

1 
(0,2)b 

0 
(0,1)a,b <0.001 

# 0 1 2 3 4 5 6 7              

NZE 23 26 26 20 4 1 0 0              

Māori 34 17 26 13 9 2 0 0              

Pacific 64 13 11 6 4 0 0 2              
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Food group 
(# of food 
items in 
group) 

Median Food Variety Scores 

P- value 

 % of participants who consumed each # of food items in each food group (to nearest whole number) 
Mode Score Highlighted Ethnicity 

Overall 
n=235 

NZE 
n=141 

Māori 
n=47 

Pacific 
n=47 

Sauce, 
spreads & 
flavourings 

(19) 

7  
(5,9) 

7 (5,9) 
8 

(5,10) 
7 (5,9) 0.077 

# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17    

NZE 3 1 5 8 6 16 9 16 11 8 9 5 2 0 0 2 1 0    

Māori 0 2 2 0 15 9 9 13 9 9 11 11 2 4 2 4 0 0    

Pacific 0 2 4 2 9 11 11 19 13 6 6 0 4 2 4 2 2 2    

Savoury 
snacks (9) 

2 
 (1,3) 

2 (1,3)a 2  
(1,4) 

3 
(2,5)a <0.001 

# 0 1 2 3 4 5 6 7 8             

NZE 18 24 19 20 12 5 2 0 0             

Māori 11 23 21 19 9 2 2 11 2             

Pacific 6 13 11 30 9 15 9 4 4             

Sweet 
snacks (11) 

4 
 (3,5) 

4 (2,5)a 4 
 (2,6) 

5 
(3,6)a 0.034 

# 0 1 2 3 4 5 6 7 8 9 10           

NZE 4 6 16 18 23 15 11 4 2 1 0           

Māori 2 6 17 15 21 11 13 9 2 2 2           

Pacific 0 4 15 11 19 13 17 6 2 11 2           

Takeaways 
and fast 

food (13) 

3 
 (2,5) 

2 
(1,4)a,b 

4 
(3,6)a 

4 
(3,7)b <0.001 

# 0 1 2 3 4 5 6 7 8 9 10 11 12         

NZE 16 16 23 18 9 9 3 2 3 1 0 1 0         

Māori 4 2 17 17 15 9 15 4 6 4 2 0 4         

Pacific 0 4 13 17 19 6 15 9 4 0 4 4 4         
NZE, New Zealand European F&V, fruits and vegetables; #, number of food items in group consumed; Disc, discretionary. Food groups in green are nutritious, food groups in light red are discretionary. Food 

Variety Scores presented as Median (25th, 75th percentiles). P-values determined by Kruskal-Wallis. Following Mann-Whitney post hoc test and Bonferroni correction with a P-value of 0.0167, matching 

alphabetical subscripts indicate that two medians differ significantly. Numbers highlighted by colour indicate the Mode, when two modes exist, the mode with the highest % on each side was selected. Orange 

= statistical significant at P<0.05, red = Statistical significant at P<0.01.  
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Appendix C.2 

Supplementary table 2.  Median and mode food variety scores from both nutritious and discretionary food groups over a seven day period segregated by 

body composition profile group 
Food group 
(# of food 
items in 
group) 

Median Food Variety Scores 

P- value  
% of participants who consumed each # of food items in each food group (to nearest whole number) 

Mode Score Highlighted 
Body Composition Profile Group 

Overall 
n=235 

Normal 
n=76 

Hid’n 
n=47 

Apparent 
n=112 

Meat (6) 
2 

 (1,3) 
2  

(1,2) 
1 (0,3) 

2  
(1,3) 

0.132 

# 0 1 2 3 4 5                

Norm 20 26 25 20 5 5                

Hid’n 26 28 21 19 4 2                

App 3 41 29 24 4 0                

Poultry (4) 
1 

 (1,2) 
1 

 (1,2)a 

1 
(0,1)b 1 (1,2)a,b 0.001 

# 0 1 2 3 4                 

Norm 11 61 26 3 0                 

Hid’n 26 51 19 4 0                 

App 4 53 38 5 1                 

Fish and 
seafood (9) 

2 
 (0,3) 

2 
 (0,3) 

2 (1,3) 
1 

 (0,3) 
0.713 

# 0 1 2 3 4 5 6 7 8 9            

Norm 29 20 16 12 12 7 1 3 1 0            

Hid’n 23 26 26 2 9 4 6 2 2 0            

App 32 19 20 14 4 5 4 2 0 1            

Eggs (1) 
1 

 (1,1) 
1 

 (1,1)a 1 (1,1) 
1 

 (1,1)a 0.023 

# 0 1                    

Norm 4 96                    

Hid’n 11 89                    

App 17 83                    

Nutritious 
dairy (9) 

2 
 (2,3) 

3 
 (2,4) 2 (1,3) 

2 
 (1,3) 

0.058 

# 0 1 2 3 4 5 6               

Norm 3 11 28 33 17 8 1               

Hid’n 9 17 30 23 15 4 2               

App 3 24 29 25 13 4 2               

Cheese (2) 
1 

 (1,2) 
2 

(1,2)a 
1 (1,2) 

1 
 (1,2)a 0.006 

# 0 1 2                   

Norm 8 30 62                   

Hid’n 13 49 38                   

App 18 42 40                   

Breads (6) 
2 

 (1,3) 
2 

 (2,3) 
2 (1,3) 

2  
(2,3) 

0.794 

# 0 1 2 3 4 5 6               

Norm 4 21 32 28 13 3 0               

Hid’n 4 21 34 28 9 4 0               

App 4 21 32 19 18 4 2               
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Food group 
(# of food 
items in 
group) 

Median Food Variety Scores 

P- value  
% of participants who consumed each # of food items in each food group (to nearest whole number) 

Mode Score Highlighted 

Body Composition Profile Group 

Overall 
n=235 

Normal 
n=76 

Hid’n 
n=47 

App 
n=112 

Cereal (13) 
4 

 (3,5) 
5 

 (4,6)a 4 (3,6) 
4 

(3,5)a 0.017 

# 0 1 2 3 4 5 6 7 8 9 10 11 12         

Norm 0 4 9 12 25 18 12 7 3 8 3 0 0         

Hid’n 6 2 11 13 32 11 13 4 2 2 4 0 0         

App 7 5 10 24 19 16 7 3 4 3 1 1 1         

Starchy 
vegetables 

(9) 

2 
 (1,3) 

2 
 (1,3) 

2 (1,3) 2 (1,3) 0.954 

# 0 1 2 3 4 5 6 7              

Norm 8 24 34 24 7 1 3 0              

Hid’n 11 17 36 23 6 4 2 0              

App 12 24 27 18 10 6 3 1              

Vitamin A-
rich F & V 

(23) 

8 
(6,10) 

8 (6,10) 
8 

(6,10) 
7 

(5,10) 
0.159 

# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Norm 0 1 0 3 5 7 11 12 22 13 5 5 5 3 4 1 1 0 1 0 0 

Hid’n 0 2 4 2 4 6 21 9 17 6 11 9 4 2 0 0 0 2 0 2 0 

App 2 1 2 6 7 10 17 13 7 8 8 7 4 4 2 2 0 0 0 0 1 

Vitamin C-
rich F & V 

(14) 

4 
 (2,6) 

4 
 (3,6) 4 (2,6) 4 (2,6) 0.257 

# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14       

Norm 4 3 11 24 14 9 12 16 1 4 0 0 3 0        

Hid’n 2 11 15 19 6 15 15 4 9 2 0 2 0 0        

App 8 10 12 20 9 12 18 5 1 1 1 3 1 1        

Other 
vegetables 

(15) 

7 
 (5,8) 

7 
 (5,9) 

7  
(5,8) 

6 
 (4,8) 

0.332 

# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15      

Norm 3 0 1 5 13 9 8 17 14 14 5 4 4 1 0       

Hid’n 2 0 6 6 6 13 13 15 17 11 4 0 2 2 2       

App 1 2 4 8 13 13 11 13 14 12 4 3 2 1 0       

Other fruits 
(12) 

5 
 (3,7) 

5 
 (4,7) 

5 (3,6) 5 (3,7) 0.648 

# 0 1 2 3 4 5 6 7 8 9 10 11 12         

Norm 3 8 3 9 13 22 12 16 11 1 0 3 0         

Hid’n 4 4 11 6 19 21 15 0 11 0 4 4 0         

App 2 6 7 13 19 13 15 11 8 1 4 1 1         

Legumes 
(7) 

1 
 (0,2) 

1 
 (0,2)a 

1 
 (0,3)b 

0  
(0,1)a,b <0.001 

# 0 1 2 3 4 5 6 7              

Norm 28 26 22 17 4 3 0 0              

Hid’n 30 26 15 17 9 2 0 2              

App 57 21 12 4 3 2 1 0              
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Food group 
(# of food 
items in 
group) 

Median Food Variety Scores 

P- value  
% of participants who consumed each # of food items in each food group (to nearest whole number) 

Mode Score Highlighted 

Body Composition Profile Group 

Overall 
n=235 

Normal 
n=76 

Hid’n 
n=47 

App 
n=112 

Nuts and 
seeds (4) 

2 
 (1,3) 

2 
 (1,3) 

2 (1,3) 1 (1,2) 0.060 

# 0 1 2 3 4                 

Norm 13 22 33 26 5                 

Hid’n 21 15 36 21 6                 

App 21 31 26 19 3                 

Oils and 
fats (8) 

3  
(2,4) 

3 
 (2,4) 

3 (2,4) 3 (2,4) 0.918 

# 0 1 2 3 4 5 6 7              

Norm 3 8 37 25 21 5 1 0              

Hid’n 2 11 36 23 19 2 4 2              

App 0 12 32 31 13 8 3 2              

Disc meat 
(8) 

2 
 (1,3) 

2 
 (1,3) 

2 (1,3) 1 (1,2) 0.083 

# 0 1 2 3 4 5 6 7 8             

Norm 16 29 24 13 9 5 4 0 0             

Hid’n 26 34 17 6 13 2 0 0 2             

App 13 27 27 15 8 6 2 3 0             

Disc dairy 
products (7) 

1 
 (1,2) 

1 
 (1,2) 

1 (0,2) 1 (1,2) 0.571 

# 0 1 2 3 4 5 6               

Norm 18 33 26 18 3 0 1               

Hid’n 28 34 15 19 0 4 0               

App 19 37 24 11 4 5 1               

Disc breads 
cereals & 
starchy 

vegetables 
(5) 

0 
 (0,1) 

0  
(0,1) 

0 (0,1) 0 (0,1) 0.102 

# 0 1 2 3 4 5                

Norm 62 28 7 4 0 0                

Hid’n 64 28 4 0 2 2                

App 51 29 12 4 3 2                

Drinks (15) 
5 

 (4,7) 
6 

 (4,8)a 

5 
(3,6)a 5 (4,7) 0.008 

# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14       

Norm 0 1 3 9 13 20 16 12 14 7 3 0 3 0 0       

Hid’n 2 2 13 15 15 21 17 4 4 0 4 0 0 2 0       

App 0 1 6 13 23 15 15 11 5 2 4 2 1 1 1       

Alcohol (7) 
1 

 (0,2) 
2 

 (1,3) 
1 (0,2) 1 (0,2) 0.017 

# 0 1 2 3 4 5 6 7              

Norm 16 33 24 22 5 0 0 0              

Hid’n 34 17 28 17 2 2 0 0              

App 46 15 20 11 6 2 0 1              
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Food group 
(# of food 
items in 
group) 

Median Food Variety Scores 

P- value  
% of participants who consumed each # of food items in each food group (to nearest whole number) 

Mode Score Highlighted 

Body Composition Profile Group 
Overall 
n=235 

Normal 
n=76 

Hid’n 
n=47 

App 
n=112 

Sauce, 
spreads & 
flavourings 

(19) 

7 (5,9) 7 (6,9) 6 (4,8) 
7 

(4,10) 
0.108 

# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17    

Norm 0 0 3 4 3 14 11 20 11 12 11 7 3 0 1 1 1 0    

Hid’n 4 4 4 4 11 13 11 11 19 4 2 4 2 0 2 4 0 0    

App 2 1 5 6 12 13 8 15 7 6 10 4 3 3 1 3 1 1    

Savoury 
snacks (9) 

2 (1,3) 2 (1,3) 2 (1,3) 
2  

(1,4) 
0.431 

# 0 1 2 3 4 5 6 7 8             

Norm 13 25 14 24 13 4 5 1 0             

Hid’n 19 19 23 17 11 6 0 4 0             

App 13 21 18 22 9 8 4 4 3             

Sweet 
snacks (11) 

4 (3,5) 4 (3,5) 3 (2,5) 
4 

 (2,6) 
0.343 

# 0 1 2 3 4 5 6 7 8 9 10           

Norm 1 4 9 21 26 14 16 3 3 3 0           

Hid’n 6 4 19 23 17 9 6 9 2 2 2           

App 2 8 19 10 21 15 13 5 2 4 1           

Takeaways 
and fast 

food (13) 
3 (2,5) 

3 
(2,5)a 

2 
(0,4)b 

4 
(3,6)a,b 

<0.001 

# 0 1 2 3 4 5 6 7 8 9 10 11 12         

Norm 11 12 26 17 9 11 9 1 3 0 0 1 0         

Hid’n 26 17 23 9 11 2 4 4 0 2 0 0 2         

App 4 7 13 22 15 9 8 5 6 2 3 3 3         

Normal, normal-fat; Hid’n, hidden-fat; App, apparent-fat, F&V, fruits and vegetables; #, number of food items in group consumed; Disc, discretionary. F&V, fruits and vegetables; #, number of food items in 

group consumed; Disc, discretionary. Food groups in green are nutritious, food groups in red are discretionary. Food Variety Scores presented as Median (25, 75 percentiles). P-values determined by Kruskal-

Wallis. Numbers highlighted by colour indicate the Mode, when two modes exist, the mode with the highest % on each side was selected. Following Mann-Whitney post hoc test and Bonferroni correction with 

a P-value of 0.0167, matching alphabetical subscripts indicate that two medians differ significantly. P values in Orange = statistical significant at P <0.05, P values in red = Statistical significant at P <0.01.  
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Appendix C.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary figure 1. Correlation of nutritious and discretionary food score   


