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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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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 
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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 



 
 

37 

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.  
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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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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 
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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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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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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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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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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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