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Abstract: Diet quality indices have been shown to predict cardiovascular disease, cancer, Type 2
Diabetes, obesity and all-cause mortality. This study aimed to determine the socio-demographics of
Australian adults with poor diet quality. Diet quality was assessed for participants of the 2011–2012
National Nutrition and Physical Activity Survey aged 18 years or above (n = 9435), with the validated
11-component Healthy Eating Index for Australians (HEIFA-2013), based on the 2013 Australian
Dietary Guidelines. Differences in scores by demographics (ANOVA) and regression models
for associations between the HEIFA-2013 score and demographic characteristics were conducted.
The mean (SD) HEIFA-2013 score was 45.5 (14.7) out of 100 due to poor intakes of vegetables, fruit,
grains, dairy and fat and high intakes of added sugar, sodium and discretionary foods. Lower mean
HEIFA-2013 scores (SD) were found for males 43.3 (14.7), young-adults 41.6 (14.2) obese 44.1 (14.3),
smokers 40.0 (14.2), low socio-economic status 43.7 (14.9) and Australian country-of-birth 44.2 (14.6)
(p < 0.05). The overall diet quality of the Australian population is poor and targeted interventions for
young-adults, males, obese and those with lower socio-economic status are recommended.

Keywords: diet quality; diet quality index; nutrition; 24-hour recall

1. Introduction

Internationally, dietary guidelines provide recommendations for optimal dietary patterns for
health that include a variety of fruit, vegetables, lean meat and alternatives, low-fat dairy and whole
grains and are rich in unsaturated fats while minimising deleterious nutrients such as added sugars,
saturated fat, alcohol and sodium [1–4]. Such dietary patterns have been proven to reduce the
risk of non-communicable diseases such as Type 2 Diabetes, cardiovascular disease (CVD), some
cancers, osteoporosis, and dental disease, and also help to maintain a healthy body weight [2,3].
However, increases in non-communicable diseases in recent decades have been well documented [5,6].
Populations of lower socio-economic status are burdened with a higher incidence of these diseases [7,8].
Understanding the dietary patterns of the population can provide insight into how diet may be
contributing to these diseases and identify sub-populations requiring tailored interventions.

A high quality or healthy diet is increasingly understood to be due to the synergistic interaction
between nutrients and other food components rather than the action of individual foods or
nutrients [9,10]. Diet quality indices have been created to allow all foods consumed to be considered
simultaneously, as well as accounting for nutrients and the variety of foods consumed within food
groups [11,12]. Higher diet quality scores have been shown to be predictive of reduced risk from
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all-cause mortality, a lower incidence and mortality from CVD, cancer and reduced risk of obesity and
Type 2 Diabetes [13–16].

The Healthy Eating Index for Australians (HEIFA-2013) [17] was a revision of a previous index [18],
and assesses compliance with the most recent Australian Dietary Guidelines (ADG), based on current
scientific evidence [3]. This analysis uses a validated tool that reflects the current guidelines using
the large national survey—the National Nutrition and Physical Activity Survey-2011/2012 (NNPAS).
The aim of this study is to determine the association between demographic, lifestyle and weight status
with overall diet quality in Australian adults. Using a sample of the Australian population to examine
the relationship between diet quality and socio-demographic factors and weight-status will determine
the groups most at risk and will enable development of targeted interventions that focus on the foods
and nutrients that will specifically improve diet quality of sub-groups.

2. Materials and Methods

2.1. Respondents

Data reported in this study were obtained from the Australian Bureau of Statistics (ABS) 2011–2012
National Nutrition and Physical Activity Survey (NNPAS) [19]. The survey collected nutrition
and health information of the Australian population. The interview components of the NNPAS
were conducted under the Census and Statistics Act (CSA) 1905. A total sample of 12,153 persons
(aged 2 years and over) from 9519 private dwellings across Australia was included.

2.2. Dietary Data Collection

Dietary information was collected using a face-to-face 24-hour recall (24HR) interview based on
the Automated Multiple-pass Method developed by the Agricultural Research Service of the United
States Department of Agriculture [20] A second 24HR was conducted at least 8 days apart from the
first interview via phone interview for 64% of participants from the first interview (n = 7735). Further
information about the survey is published by the ABS [19]. This study utilised data from 9345 adults
(age ≥ 18 years) who completed the first 24HR interview. Intake of nutrients from food was derived
from the Australian specific nutrient composition database AUSNUT 2012, and developed specifically
for this survey by the Food Standards Australia New Zealand (FSANZ) [21].

2.3. Anthropometry and Demographic Characteristics

Respondents’ anthropometric measurements were objectively measured in the NNPAS survey
by trained interviewers; weight (in kg) was measured to the nearest 0.1 kg with digital scales and
height (in cm) was measured to the nearest 0.5 cm with a stadiometer [19]. Body Mass Index (BMI)
scores of the respondents were derived from their measured weight and height using Quetelet’s
metric BMI (underweight BMI < 18.5 kg/m2, normal weight BMI 18.5–24.9 kg/m2, overweight BMI
25.0–29.9 kg/m2, obesity BMI ≥ 30.0 kg/m2) [22].

Demographics in this analysis included: age, grouped as 18–24, 25–34, 35–44, 45–54, 55–64,
65–74 and 75+ years, gender: male and female, socio-economic-status, which was assessed with the
Socio-Economic Index of Disadvantage for Areas (SEIFA) quintiles, where the first SEIFA quintile
indicates the least advantaged areas (SEIFA includes assessment of income, level of education, disability,
poor English skills, employment type (labourers or unemployed), access to a motor vehicle, marital
status (divorced or separated), single parent households, overcrowded living conditions, low cost
housing and no home internet access [23], self-reported smoking status recorded as “Yes” or “No”,
country of birth, categorised into three groups: born in Australia, born in main English-speaking
countries (New Zealand, United Kingdom, Ireland, United States of America, Canada or South Africa)
or born in other countries and diabetes status, defined as current and long-term diabetes mellitus
(Type 1, Type 2, Gestational Diabetes, and type unknown), self-reported at the time of interview and
recorded as “Yes” or “No”.
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2.4. HEIFA-2013

The Healthy Eating Index for Australian Adults (HEIFA-2013) was adopted as a measure of
diet quality that includes variety [17]. The HEIFA-2013 is a gender-specific measure of diet quality
assessing adherence to the national Dietary Guidelines [17]. It includes compliance with recommended
serves of core food groups and avoidance of deleterious nutrients and discretionary foods at harmful
levels. The term ‘core food groups’ as used in this study refers to grains, vegetables, fruits, dairy
products, and lean meat and alternatives, as described in the Australian Guide to Healthy Eating
(AGHE) [24,25]. Discretionary foods are defined by the Australian Dietary Guidelines as ‘foods high
in saturated fat and/or added sugars, added salt or alcohol and low in fibre’ [19], and were identified
in the survey [19]. The HEIFA-2013 has previously been validated in the adult population in Australia
(age range: 18–34 years, BMI range: 16–37 kg/m2) applied to weighed food record and food frequency
questionnaire data [17].

The HEIFA’s 11-component system includes one component for each of the five core food groups,
one component for discretionary choices, four components for nutrients (fatty acids, added sugar,
sodium, and alcohol), and one component for water intake. Nine components (grain, vegetable,
fruit, lean meat and alternatives, dairy products, discretionary choices, fatty acids, added sugar, and
sodium) each contribute a maximum of 10 points to the score with two components (water and alcohol)
contributing a maximum of five points each.

The core food group components for lean meats and alternatives, dairy products and discretionary
food were scored for the number of serves consumed only. The grains component was scored for
number of serves of grains (5 marks) and the number of serves of wholegrains (5 marks) and vegetables
and fruit components were scored for the number of serves consumed (5 marks) and the number of
serves of different varieties consumed (5 marks). To assess the number of serves consumed within
a food group, all individually recorded food items as well as foods that were part of a mixed dish were
included. Detailed measures of all individual food components were obtained by disaggregating all
mixed dishes from over 3650 recipes using the AUSNUT 2011–2013 recipe file [4] and were classified
under their respective core food group. For example, the amounts of oil, chicken and non-starchy
vegetable components in a chicken stirfry were disaggregated and classified accordingly. The number
of serves for each food group were calculated using standard serve sizes provided by the AGHE—for
example, 65 g of cooked lean red meat is counted as one serve for the lean meat and alternative
group [25,26].

Marks were given incrementally for specified increases in the number of serves consumed [17].
The minimum and maximum number of serves required for marks were: lean meat and alternatives:
1 to 3 serves for males, and 0.5 to 2.5 for females; dairy products: 0.5 to 2.5 serves; discretionary
foods: 6 to 3 serves; grains: 1 to 6 serves; wholegrains: 1 to 3 serves; vegetables: 1 to 6 serves for
males, and 1 to 5 serves for females; and fruit: 0.5 to 2 serves. The variety score was calculated for
vegetables if the respondents reported consumption of at least one serve (75 g) each of the following
varieties of vegetables: green, orange, cruciferous, tuber or bulb and 0.5 serves of legumes, with 1 mark
given for each variety. The full 5 marks were given for fruit variety if 2 or more varieties of fruit
were consumed. No marks were given for scores below the minimum ranges. For example, if a male
consumed < 3 serves of discretionary food they would receive 10 marks; for 3–3.9 serves they received
7.5 marks; for 4.0–4.9 serves they received 5 marks; for 5–5.9 they received 2.5 marks; and no marks if
they consumed ≥ 6 serves.

The fat component was scored for saturated fats (5 marks) and mono-unsaturated and
poly-unsaturated (5 marks). Energy from saturated fat ≤10% scored 5 marks; >10%–12% scored
2.5 marks; and >12% scored 0 marks. The minimum and maximum ranges for the number of serves of
poly and mono unsaturated fatty acids were 1 and 4 serves for males and 0.5 and 2 serves for females.
Sodium intake <1610 mg scored 10 marks; 1610 mg to 2300 mg scored 5 marks; and >2300 mg scored
0 marks. Water intake was assessed as the proportion of water consumed in relation to other beverages
with >50% scoring 5 marks and 0% = 0 marks, with each 10% increase between 0 and 50 scoring
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an additional 1 mark. Alcohol intake was scored as the number of standard drinks (10 g of alcohol)
consumed and ≤2 standard drinks scored 5 marks and >2 standard drinks scored 0 marks. The criteria
for scoring foods containing added sugars has been updated here. In April 2016, the food composition
tables for Australia were updated to include “added sugars”, whereas, previously, only total sugar
was available and was used in the HEIFA-2013 calculations [27]. The review of the scientific evidence
to formulate the ADG suggested that added sugar should contribute no more than 10% of energy to
the diet, and that a lower threshold of 5%–10% may be appropriate [3]. Percentage energy from added
sugar was calculated for each respondent with <5% added sugar scoring 10 marks; 5%–10% scoring
5 points and >10% scoring 0 marks. The total maximum score for all components of the HEIFA-2013 is
100 and higher HEIFA-2013 scores indicate closer adherence to the dietary guidelines.

2.5. Misreporting

Misreporting of food intake is common in self-report dietary intake assessments, and 16%–26%
of adult respondents in 2011–2012 NNPAS have been identified as under-reporting their total energy
intake [19]. Excluding misreporters is likely to provide a more accurate interpretation and has
been shown to improve the estimates obtained in similar national surveys [28–30]. The Goldberg
cut-off method (energy intake: Basal metabolic rate 0.87–2.67) [31,32] was used to identify potential
under-reporters (n = 1607), over-reporters (n = 143) and plausible reporters (n = 6264). No energy
intake: basal metabolic rate (EI:BMR) was reported for some respondents (n = 1422) and therefore
they could not be classified and a separate category was created for people with no recorded EI:BMR.
The effect of misreporting was controlled for in the regression models used to examine associations of
HEIFA with other variables. Unadjusted data are available in Supplementary Table S1.

2.6. Statistical Analyses

Statistical analyses were performed using SPSS for Windows 22.0 software (IBM Corp, IBM
SPSS Statistics for Windows, Version 22.0, Armonk, NY, USA). Descriptive statistics were used
to report the HEIFA-2013 scores according to different socio-demographic and anthropometric
characteristics. Analysis of variance with post hoc analysis (Bonferroni and Tukey’s) was used to
compare mean differences in total scores and to compare differences for individual components of
the HEIFA-2013 scores adjusted for energy intake for each socio-demographic variable separately.
Multivariate regression analysis was undertaken to investigate factors associated with the HEIFA-2013.
The categorical variables including age, BMI category, gender, SEIFA, country of birth, Diabetes
Mellitus status and smoking status were all entered into the model simultaneously to determine
which factors were independently associated with the total score, controlling for the effects of
energy (total kJ) and misreporting status (low, plausible, high and unknown). p < 0.05 were deemed
statistically significant.

3. Results

The mean (SD) for the total HEIFA-2013 score for the Australian population was low at 45.5 (14.7)
out of 100. Table 1 shows the mean score for the HEIFA-2013 for different subpopulations. Females
scored significantly higher than males as did those in older age brackets. Those living in higher SEIFA
quintiles, in the healthy or over weight-range, non-smoking, born in non-English speaking countries,
or reporting a diagnosis of Diabetes Mellitus, achieved better scores than those in other sub-groups.

The mean scores for the individual components for different socio-demographic variables for
the population are shown in Table 2. Low total scores were due to low individual scores for most
components including discretionary food, vegetables, fruit, grain, dairy products, fat, added sugar
and sodium (5 out of 10 or lower), with grain scoring the worst (lower than 3 out of 10). Higher scores
were given for water and alcohol (scoring 4 out of 5).
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Overall better scores were achieved for older adults compared to young adults and women
compared with men due to a greater number of serves and a variety of vegetables and fruit and
higher scores for water and sodium (Table 2). In addition, women achieved higher scores than men for
dairy, lean meat and alcohol but lower scores for added sugar and discretionary foods when adjusted
for energy. Older adults also achieved lower scores for alcohol. People within the healthy weight
range scored higher mean scores than those in the obese weight-range due to higher scores for grains,
fruit, discretionary food, fat and alcohol, whereas the lean meat score was significantly lower. Higher
HEIFA-2013 scores were associated with older age, being female, of higher socio-economic status, born
outside Australia, healthy BMI status, not smoking and self-reporting diabetes.

Table 1. Healthy Eating Index for Australian Adults (HEIFA-2013) mean (SD) score 1 by
socio-demographic subgroups.

Total Male Female

N Mean (SD) N Mean (SD) N Mean (SD)

Total Score 9435 45.5 (14.7) 4329 43.3 (14.7) 5106 47.5 (14.4)

p ˆ <0.001

Age (year) 18–24 780 41.6 (14.2) 373 41 (14.5) 407 42.2 (13.9)
25–34 1617 43.7 (15) * 747 41.9 (15.2) 870 45.3 (14.6) *
35–44 1843 44.6 (14.7) 846 42.5 (14.6) 997 46.5 (14.5)
45–54 1660 46 (14.4) 781 43.2 (14.5) 879 48.5 (13.9) *
55–64 1432 46.9 (14.9) 672 44 (15) 760 49.4 (14.3)
65–74 1255 48.4 (14.5) 561 45.6 (14.6) 694 50.6 (14.1)
75+ 848 47.3 (14) 349 45.4 (14.1) 499 48.6 (13.8)
p ˆ <0.001 <0.001 <0.001

BMI (kg/m2) <18.5 121 43.9 (15.8) 38 39.9 (14.6) 83 45.7 (16.1)
18.5–24.9 2736 46.5 (14.9) 1059 44 (14.8) 1677 48 (14.7)
25.0–29.9 2898 45.5 (14.9) 1659 43.7 (14.7) 1239 47.8 (14.8)
≥30.0 2203 44.1 (14.3) * 1030 42.1 (14.5) * 1173 45.9 (13.8) *

p ˆ <0.001 0.004 0.001

SEIFA quintiles 1-Lowest 1778 43.7 (14.9) 796 41.2 (15) 982 45.8 (14.4)
2 1961 44.8 (14.6) 898 42.6 (14.7) 1063 46.6 (14.2)
3 1873 45.1 (14.4) 860 43 (14.3) 1013 46.8 (14.2)
4 1666 46.4 (14.9) 795 44.3 (14.9) 871 48.4 (14.7)

5-Highest 2157 47.5 (14.6) 980 44.8 (14.6) 1177 49.6 (14.2)
p ˆ <0.001 <0.001 <0.001

COB Australia 6714 44.2 (14.6) 3043 41.7 (14.5) 3671 46.2 (14.4)
English speaking 2 1155 45.7 (15) * 561 42.8 (14.9) 594 48.4 (14.5) *

Others 1566 51.4 (13.7) * 725 50 (14) * 841 52.7 (13.3) *
p ˆ <0.001 <0.001 <0.001

Smoker Yes 1785 40 (14.2) 931 37.9 (14.1) 854 42.3 (13.9)
No 7650 46.8 (14.5) 3398 44.7 (14.6) 4252 48.5 (14.3)
p ˆ <0.001 <0.001 <0.001

Diabetes status No 8844 45.4 (14.8) 4019 43 (14.7) 4825 47.3 (14.5)
Yes 591 48.4 (13.8) 310 46.8 (14.5) 281 50.2 (12.7)
p ˆ <0.001 <0.001 0.001

Misreporting 3 Under-reporting 1607 47.1 (12.4) 730 45.5 (13) 877 48.4 (11.6)
Plausible report 6263 45 (15.2) * 3017 42.8 (15) 3246 47.1 (15.2)
Over-reporting 139 44.5 (15.5) 68 41.2 (14.9) 71 47.5 (15.6)

No valid measurement 1426 46.2 (14.6) 514 42.8 (15) 912 48.2 (14)
p ˆ <0.001 <0.001 0.048

BMI: Body Mass Index; SEIFA: Socio-Economic Index for Area of disadvantage; COB: Country of Birth; 1 HEIFA-2013:
Healthy Eating Index for Australian Adults, estimates adjusted for energy (kJ). The potential range of HEIFA-2013
score was 0–100; 2 English speaking countries include New Zealand, United Kingdom, Ireland, United States of
America, Canada or South Africa; 3 Misreporting: the Goldberg cut-off method (energy intake: basal metabolic rate)
was used to identify potential under-reporters (<0.87), over-reporters (>2.67) and plausible reporters (0.87–2.67);
ˆ p: Student’s t-test for gender, diabetes and smoking status and ANOVA analysis for differences for each group;
* p < 0.05 from post hoc test (Bonferroni) indicates significant differences from the above category.
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Table 2. Mean (SD) and mean differences for individual components of Healthy Eating Index for Australian
Adults (HEIFA-2013) score (discretionary food, vegetable, fruit, grain, meat, dairy, water, unsaturated fat,
sodium, and added sugar and alcohol scores) by demographic and socio-economic characteristics.

Mean (SD) HEIFA-2013 Component Score 1

Grain Veg. Fruit Dairy Meat Water D.F. Fat Sodium A.S. Alcohol

Gender

Male 2.1 (0.1) 3.9 (0.2) 3.1 (0.2) 3.6 (0.2) 4.9 (0.2) 4.2 (0.1) 5 (0.2) 3.4 (0.2) 4.2 (0.2) 5.2 (0.3) 4.1 (0.1)
Female 2.0 (0.1) 4.5 (0.2) 3.8 (0.2) 4.1 (0.2) 5.4 (0.2) 4.6 (0.1) 4.8 (0.2) 3.9 (0.2) 4.6 (0.2) 5.0 (0.2) 4.4 (0.1)

p ˆ 0.05 <0.001 <0.001 <0.001 <0.001 <0.001 0.024 <0.001 <0.001 0.009 <0.001

Age (years)

18–24R 2 (0.3) 3.6 (0.4) 2.4 (0.6) 3.7 (0.5) 5 (0.5) 4.2 (0.2) 5.0 (0.5) 3.6 (0.4) 3.8 (0.5) 3.9 (0.6) 4.7 (0.2)
25–34 2.1 (0.2) 4 (0.3) 3 (0.4) * 3.9 (0.3) 5 (0.4) 4.4 (0.1) * 4.9 (0.4) 3.6 (0.3) 4.2 (0.4) * 4.5 (0.4) * 4.5 (0.2) *
35–44 2.0 (0.2) 4.1 (0.2) * 3.1 (0.4) * 4.0 (0.3) 5.2 (0.3) * 4.4 (0.1) * 4.9 (0.3) 3.7 (0.3) 4.3 (0.3) * 5 (0.4) * 4.2 (0.2) *
45–54 2.0 (0.2) 4.1 (0.3) * 3.5 (0.4) * 3.9 (0.3) 5.3 (0.4) * 4.4 (0.1) * 5 (0.4) 3.8 (0.3) 4.5 (0.4) * 5.6 (0.4) * 4.1 (0.1) *
55–64 2.0 (0.2) 4.4 (0.3) * 3.8 (0.4)* 3.8 (0.4) 5.4 (0.4) * 4.4 (0.1) * 4.8 (0.4) 3.8 (0.3) 4.7 (0.4) * 5.7 (0.4) * 3.9 (0.3) *
65–74 2.1 (0.2) 4.6 (0.3) * 4.3 (0.4) * 3.8 (0.4) 5.2 (0.4) 4.6 (0.1) * 5.1 (0.4) 3.7 (0.3) 4.8 (0.4) * 5.6 (0.5) * 4.1 (0.2) *
75+ 2.2 (0.3) 4.5 (0.4) * 4.5 (0.5) * 3.9 (0.5) 4.8 (0.5) * 4.5 (0.2) * 4.9 (0.5) 3.4 (0.4) 4.9 (0.5) * 4.8 (0.6) * 4.3 (0.2) *
pˆ 0.144 <0.001 <0.001 0.18 0.1 <0.001 0.36 0.30 <0.001 <0.001 <0.001

BMI 2 (kg/m2)

UW 2.1 (0.8) * 4.1 (1) 3.2 (1.4) * 4.1 (1.2) 4.5 (1.4) * 4.2 (0.4) * 4.8 (1.3) * 4.1 (1) * 4.3 (1.3) 4.1 (1.5) 4.5 (0.6) *
Norma R 2.3 (0.2) 4.4 (0.2) 3.8 (0.3) 4.1 (0.3) 5.1 (0.3) 4.5 (0.1) 5 (0.3) 3.7 (0.2) 4.6 (0.3) 5.1 (0.3) 4.3 (0.1)

OW 2.1 (0.2) * 4.2 (0.2) 3.6 (0.3) * 3.8 (0.3) * 5.3 (0.3) 4.4 (0.1) 4.8 (0.3) * 3.7 (0.2) 4.3 (0.3) 5.2 (0.3) 4.1 (0.1) *
Obese 1.8 (0.2) * 4.1 (0.2) 3.1 (0.3) * 3.9 (0.3) 5.5 (0.3) * 4.3 (0.1) 4.5 (0.3) * 3.5 (0.2)* 4.1 (0.3) 4.8 (0.4) 4.2 (0.1) *

p ˆ <0.001 0.30 <0.001 0.052 <0.001 0.06 0.001 0.002 0.10 0.22 0.001

SEIFA 3

1 1.9 (0.2) * 4.1 (0.3) 2.9 (0.4) * 3.8 (0.3) 4.9 (0.4) * 4.3 (0.1) * 4.8 (0.3) * 3.6 (0.3) * 4.4 (0.3) 4.8 (0.4) * 4.3 (0.2)
2 2.0 (0.2) * 4.3 (0.2) 3.1 (0.3) * 3.9 (0.3) 5.2 (0.3) 4.4 (0.1) * 4.8 (0.3) * 3.5 (0.2) * 4.5 (0.3) 4.8 (0.4) * 4.3 (0.2)
3 2.1 (0.2) 4.1 (0.2) 3.5 (0.4) * 3.9 (0.3) 5.1 (0.3) 4.4 (0.1) * 4.8 (0.3)* 3.6 (0.2) * 4.5 (0.3) 4.9 (0.4) * 4.3 (0.2)
4 2.1 (0.2) 4.2 (0.3) 3.9 (0.4) 3.9 (0.3) 5.2 (0.4) 4.5 (0.1) 5.1 (0.4) 3.6 (0.3) * 4.4 (0.4) 5.3 (0.4) * 4.2 (0.2)

5 R 2.2 (0.2) 4.3 (0.2) 4.0 (0.3) 4.0 (0.3) 5.3 (0.3) 4.5 (0.1) 5.1 (0.3) 3.8 (0.2) 4.4 (0.3) 5.6 (0.4) 4.2 (0.1)
p ˆ <0.001 0.075 <0.001 0.556 0.004 <0.001 0.001 0.004 0.878 <0.001 0.216

COB

Australia R 1.9 (0.1) 4.1 (0.1) 3.3 (0.2) 4.0 (0.2) 5.1 (0.2) 4.4 (0.1) 4.6 (0.2) 3.5 (0.1) 4.3 (0.2) 4.8 (0.2) 4.2 (0.1)
English 4 2.0 (0.2) 4.2 (0.3) 3.7 (0.5) * 4.0 (0.4) 5.0 (0.4) 4.5 (0.1) 4.8 (0.4) * 3.6 (0.3) 4.6 (0.4) * 5.3 (0.5) * 4.0 (0.2) *

Others 2.8 (0.2) * 4.4 (0.3) * 4.1 (0.4) * 3.3 (0.3) * 5.4 (0.4) 4.6 (0.1) * 6.4 (0.4) * 4.4 (0.3) * 5.1 (0.4) * 6.0 (0.4) * 4.6 (0.2) *
pˆ <0.001 <0.001 <0.001 <0.001 0.80 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Diabetes Mellitus

No 2 (0.1) 4.2 (0.1) 3.4 (0.2) 3.9 (0.1) 5.2 (0.2) 4.4 (0.1) 4.9 (0.2) 3.7 (0.1) 4.5 (0.2) 5 (0.2) 4.2 (0.1)
Yes 2.2 (0.4) 4.3 (0.4) 4 (0.6) 3.8 (0.6) 5.3 (0.6) 4.4 (0.2) 5.3 (0.6) 3.5 (0.4) 4.4 (0.6) 6.2 (0.7) 4.3 (0.3)
p ˆ 0.057 0.247 0.001 0.64 0.359 0.67 0.006 0.334 0.683 <0.001 0.18

Veg: Vegetables, D.F. Discretionary foods, A.S.: Added sugars, R: Referent, BMI: Body Mass Index.;
UW: Under-weight, OW: Over-weight, SEIFA: Socio-Economic Index for Area of disadvantage, COB: Country of
Birth; 1 Mean scores adjusted for energy. The potential range of HEIFA-2013 score was 0–100, water and alcohol
were 0–5, and the rest were 0–10; 2 For BMI, the cut offs for underweight, normal weight, overweight and obesity
were <18.5 kg/m2, 18.5–24.9 kg/m2, 25.0–29.9 kg/m2 and ≥30.0kg/m2, respectively; 3 SEIFA quintiles: 1 is the
lowest and 5 is the highest; 4 English: English speaking countries including New Zealand, United Kingdom, Ireland,
United States of America, Canada or South Africa; ˆ p: Student’s t-test for gender and Diabetes Mellitus, ANOVA for
age, BMI, SEIFA and COB.; * p < 0.05 from post hoc test (Bonferroni) indicates significant difference from the referent.

The multivariate analysis examining the association between change in the total score and
respondents’ characteristics is shown in Table 3. The total HEIFA-2013 score was independently
associated with older age and BMI (healthy vs. obese), and was higher in females and those of higher
socio-economic status, not born in Australia, not smoking and those reporting diabetes.
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Table 3. Association of HEIFA-2013 score with socio-demographic covariates.

HEIFA Score β SE p

Gender (Ref. Male) Female 3.2 0.3 <0.001

Age (Ref. 18–24) 25–34 1.9 0.6 0.002
35–44 3.0 0.6 <0.001
45–54 4.3 0.6 <0.001
55–64 4.9 0.6 <0.001
65–74 5.4 0.7 <0.001
75+ 3.6 0.7 <0.001

BMI 2 (Ref. Healthy weight) Underweight −1.9 1.3 0.139
Overweight −0.6 0.3 0.1

Obesity −2.7 0.4 <0.001

Country of birth (Ref. Australia) English-speaking 3 1.1 0.4 0.015
Others 6.5 0.4 <0.001

SEIFA Quintiles (Ref. 1st) 2nd <0.001 <0.001 0.99
3rd <0.001 <0.001 0.99
4th <0.001 <0.001 0.98

5th-highest 0.7 0.4 0.045

Smoking (Ref. No smoker) -6.0 0.4 <0.001 Smoking (Ref. No smoker)

Diabetes (Ref. No) 2.1 0.6 0.001 Diabetes (Ref. No)

Scores adjusted for the effects of energy-reporting status and total energy (kJ); Ref.: referent, β indicates the change
in HEIFA score per unit change of the covariates; SE: Standard Error; BMI: Body Mass Index; SEIFA: Socio-Economic
Index for Area of disadvantage.

4. Discussion

The overall diet quality of the Australian population is poor, with a mean diet quality score
of less than half the maximum score. Poor diet quality was attributed to low consumption and
poor variety of fruits, vegetables, grains and dairy, poor consumption of fats (high saturated fat
intake and low polyunsaturated and mono- unsaturated fatty acids) and a high intake of sodium and
alcohol. Population subgroups with lower diet quality included those from lower socio-demographic
backgrounds, young adults, men, smokers, people not-reporting diabetes and those in the obese
body-weight range.

The greatest disparity in diet quality of the analysed socio-demographic variables was for age,
with young adults 18–24 years old consuming a diet of the lowest quality. This was due to younger
age groups consuming greater amounts of sodium and added sugar while consuming less vegetables,
fruit and water compared with their older counterparts. The overall less favorable diet quality of
younger respondents has been consistently found in other research [33–36], and it has been suggested
that age is one of the most important modifiers of diet quality [37]. Younger populations have been
shown to be more likely to consume commercially prepared meals (takeaways and eating out), which
displace healthier foods in the diet [38]. Australian young adults have been shown to be a group at
high risk of weight gain over the past few decades [39,40]. As the poorest diet quality has been found
in overweight young adults [36], diet quality may be an important point of intervention.

In our analysis, females had better diet quality than males, a finding consistent with other
research [33,35,41]. These higher scores for women were due to lower intakes of sodium and alcohol,
but higher scores for vegetables, fruit, dairy products, lean meat, water, and fat. Research suggests
that women are more likely than men to select foods for their health benefits or for maintaining
a lower body weight [42–44]. Men may perceive healthy eating or dieting as a feminine pursuit [45].
Accumulating evidence from weight-loss interventions suggests that programs that specifically target
men are more successful at engaging men in healthy eating patterns [46]. Gender specific interventions
may be required to address the gender gap in diet quality.
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People with a BMI outside of the healthy weight range tended to have poorer diet quality than
those outside of the healthy weight range. Consistent with a recent analysis of the NNPAS using
the Diet Quality Index, a validated tool based on the AGHE, with a lower odds of obesity found
for those with higher diet quality adding to the robustness that the finding here [47]. Findings on
diet quality and weight status from other research have been mixed. Several cross-sectional studies
have found a relationship between higher BMI and lower diet quality scores [48–50] and lower risk of
abdominal obesity with lower diet quality [51]. Conversely, other research has found that adults with
a higher BMI had better diet quality [35], and it was postulated that this might be due to misreporting,
as overweight and obese participants are more likely to misreport foods than others [35]. As the effect
of misreporters was controlled for in this analysis, our findings may be a better reflection of the true
association between dietary intake and BMI.

People living in socio-economically disadvantaged areas had poorer diet quality scores, mostly
due to lower scores for fruit, whole grains, lean meat, water, discretionary foods and added sugar and
fat. Socio-economic disadvantage has been found in other research in Australia and internationally
to be associated with diet quality [33,52,53]. Lower income is commonly cited as the main barrier
to consuming healthier diets [54]. Internationally, healthier diets have also been found to be more
expensive than unhealthy diets [54–56], but, in Australia, the average household spends more on food
than would be required for a diet that complies with the current guidelines. The public’s perception
that healthy diets are more expensive is thought to be an important barrier to healthy eating in
Australia [57]. Ensuring that healthy diets become more accessible should be a priority.

The diet quality for those born in Australia and other English speaking countries including
New Zealand, Canada, USA and the UK was the same. Conversely, people born outside of
English-speaking countries had the highest diet quality of all subpopulations examined here. These
findings are consistent with the frequent observation that the typical western diet is poor compared to
other cultures and similar low scores were found for the US population, obtained with the Healthy
Eating Index-2010 [58]. The higher diet quality of those born in non-English speaking countries
is perhaps reflective of traditional, higher quality eating patterns that are retained by migrants
to Australia; for example, African migrant children who retained their traditional values, had a
lower prevalence of obesity than those that had assimilated into Australian culture [59]. Similarly,
Japanese-American men living in Hawaii who had acculturated to an American diet had a higher
prevalence of Type 2 Diabetes [60]. This implies that improving the quality of the western diet requires
challenging cultural norms. As there has been a international shift towards western-style eating
patterns [61], reversing this trend is of international significance. Younger generations are observed to
be more likely to adopt new lifelong habits and it has been suggested that interventions targeting the
young may be necessary to improve the diet quality of the population [61,62].

Higher diet quality index scores have been shown to be associated with reduced risk of Type 2
Diabetes [16,63] and lower incidence of Gestational Diabetes [64]. Diet quality is also an important
aspect of managing Diabetes Mellitus and its associated co-morbidities. As such, diet quality indices
are recommended as a tool for use in the clinical and public health setting as they encapsulate the
changes necessary to improve health outcomes [16]. Participants of the survey that self-reported
Diabetes Mellitus scored higher than the total population. This is presumably due to greater awareness
of healthier dietary patterns, as treatment generally includes dietary advice. Recommendations vary
but consistently include advice to increase vegetable intake and reduce saturated fat intake [65,66].
HEIFA-2013 component scores for added sugar, discretionary food and fruit here were higher than
the total population. This is consistent with results from National Health and Nutrition Examination
Survey that found poor compliance to fruits, vegetables and fat recommendations [65] for people with
self-reported Type 2 diabetes. Further efforts to improve diet quality of this group are recommended.

In 2015, the World Health Organisations (WHO) released guidelines that strongly recommended
that total free sugar should provide < 10% of energy due to the relationship between body weight and
free sugar intake, with evidence that reductions of <5% of energy may be even more beneficial. Free
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sugar, in addition to sugars added during processing, extends the definition of added sugars to include
intrinsic sugars ‘freed’ from their original food matrix, such as fruit juice and highly concentrated forms
of sugar such as honey [67]. At the time of the review of the scientific evidence to inform the ADG-2013,
the evidence that fruit juice contributed to weight gain was insufficient to make evidence-based
guidelines, and it was recommended that added sugar rather than free sugar should be limited [3].
In keeping with the guidelines, scores presented here are for added sugar. The scores for the added
sugar component of the population were poor indicating that a reduction in added sugar consumption
is desirable but results would be worse if free sugars had been used to calculate the sugar score.
Broadening the definition of added sugars to free sugar is an area of revision for future guidelines,
particularly given the persistent increases in the prevalence of obesity in Australia [68].

This study analysed data from a large, nationally representative sample of the Australian
population. The use of 24HR allowed people to report detailed food and beverage consumption
and all food in mixed dishes were disaggregated into individual food components, which enabled a
more accurate discription of food group intake. This study used a single 24HR from the survey that
might not be representative of individuals’ habitual intake but was used to enable a snapshot of the
population’s dietary intake. While this cross-sectional analysis does not allow for a causal relationship
to be established, it indicates that lower diet quality may be a contributing factor to the high prevalence
of obesity in Australia, and the effect of weight change and diet-quality warrants further investigation.

5. Conclusions

The overall diet quality of the population was poor, indicating low compliance with the dietary
guidelines. Several socio-demographic groups had lower diet quality, including men, young adults,
obesity, lower socio-economic status, smokers and English speaking country of birth. Given the
substantial health benefits and reduced risk of non-communicable disease attributed to a higher
quality diet, public health interventions are indicated to improve the quality of the diet of the
Australian population with particular attention paid to address the needs of subpopulations with
lower diet quality.

Supplementary Materials: The following are available online at www.mdpi.com/2227-9032/5/1/7/s1. Table S1:
Mean (SD) for individual components of Healthy Eating Index for Australian Adults (HEIFA-2013) score
(discretionary food, vegetable, fruit, grain, meat, dairy, water, fat, sodium, and added sugar and alcohol scores)
for demographic and socio-economic characteristics for all respondents including under- and over-reporters.

Acknowledgments: The authors wish to acknowledge the contributions of the Australian Bureau of Statistics,
for the collection of the Australian Health Survey data.

Author Contributions: Anna Rangan and Margaret Allman-Farinelli conceived and designed the experiments;
Hong Ying Siu and Zhixian Sui performed the experiments; Anna Rangan, Margaret Allman-Farinelli, Zhixian Sui,
Amanda Grech, Hong Ying Siu and Miaobing Zheng analyzed the data; Hong Ying Siu, Amanda Grech and
Zhixian Sui wrote the first draft of paper. All authors read and approved the final manuscript.

Conflicts of Interest: The authors declare no conflict of interest. Anna Rangan and Margaret Allman-Farinelli
have received grants from the Australian Research Council, NSW Health and Meat and Livestock Australia.
Amanda Grech is supported by the Australian Postgraduate Award.

References

1. McGuire, S. U.S. department of agriculture and U.S. department of health and human services, dietary
guidelines for Americans, 2010. 7th edition, Washington, DC: U.S. Government Printing Office, January 2011.
Adv. Nutr. 2011, 2, 293–294. [CrossRef] [PubMed]

2. World Health Organization. Diet, Nutrition and the Prevention Of Chronic Disease; World Health Organization:
Geneva, Switzerland, 2003; pp. 1–149.

3. National Health and Medical Research Council. Australian Dietary Guidelines; National Health and Medical
Research Council: Canberra, Australia, 2013.

4. Food Standards Australia New Zealand. Australian Food, Supplement and Nutrient Database (Ausnut);
Food Standards Australia New Zealand: Canberra, Australia, 2014.

www.mdpi.com/2227-9032/5/1/7/s1
http://dx.doi.org/10.3945/an.111.000430
http://www.ncbi.nlm.nih.gov/pubmed/22332062


Healthcare 2017, 5, 7 10 of 12

5. Ng, M.; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany, E.C.; Biryukov, S.;
Abbafati, C.; Abera, S.F.; et al. Global, regional, and national prevalence of overweight and obesity in
children and adults during 1980–2013: A systematic analysis for the global burden of disease study 2013.
Lancet 2014, 384, 766–781. [CrossRef]

6. Wild, S.; Roglic, G.; Green, A.; Sicree, R.; King, H. Global prevalence of diabetes estimates for the year 2000
and projections for 2030. Diabetes Care 2004, 27, 1047–1053. [CrossRef] [PubMed]

7. Agardh, E.; Allebeck, P.; Hallqvist, J.; Moradi, T.; Sidorchuk, A. Type 2 diabetes incidence and socio-economic
position: A systematic review and meta-analysis. Int. J. Epidemiol. 2011, 40, 804–818. [CrossRef] [PubMed]

8. McLaren, L. Socioeconomic status and obesity. Epidemiol. Rev. 2007, 29, 29–48. [CrossRef] [PubMed]
9. Schulze, M.B.; Hoffmann, K. Methodological approaches to study dietary patterns in relation to risk of

coronary heart disease and stroke. Br. J. Nutr. 2006, 95, 860–869. [CrossRef] [PubMed]
10. Gerber, M. The comprehensive approach to diet: A critical review. J. Nutr. 2001, 131, 3051S–3055S. [PubMed]
11. Kant, A.K. Indexes of overall diet quality: A review. J. Am. Diet. Assoc. 1996, 96, 785–791. [CrossRef]
12. Wirt, A.; Collins, C.E. Diet quality—What is it and does it matter? Public Health Nutr. 2009, 12, 2473–2492.

[CrossRef] [PubMed]
13. Reedy, J.; Krebs-Smith, S.M.; Miller, P.E.; Liese, A.D.; Kahle, L.L.; Park, Y.; Subar, A.F. Higher diet quality is

associated with decreased risk of all-cause, cardiovascular disease, and cancer mortality among older adults.
J. Nutr. 2014, 144, 881–889. [CrossRef] [PubMed]

14. Mai, V.; Kant, A.K.; Flood, A.; Lacey, J.V.; Schairer, C.; Schatzkin, A. Diet quality and subsequent cancer
incidence and mortality in a prospective cohort of women. Int. J. Epidemiol. 2005, 34, 54–60. [CrossRef]
[PubMed]

15. Schwingshackl, L.; Hoffmann, G. Adherence to mediterranean diet and risk of cancer: An updated systematic
review and meta-analysis of observational studies. Cancer Med. 2015, 4, 1933–1947. [CrossRef] [PubMed]

16. Ley, S.H.; Pan, A.; Li, Y.; Manson, J.E.; Willett, W.C.; Sun, Q.; Hu, F.B. Changes in overall diet quality and
subsequent type 2 diabetes risk: Three U.S. Prospective cohorts. Diabetes Care 2016, 39, 2011–2018. [CrossRef]
[PubMed]

17. Roy, R.; Hebden, L.; Rangan, A.; Allman-Farinelli, M. The development, application, and validation of a
healthy eating index for Australian adults (HEIFA-2013). Nutrition 2016, 32, 432–440. [CrossRef] [PubMed]

18. Allman-Farinelli, M.A. Adherence to Dietary Guidelines and Risk of Chronic Disease in the Blue Mountains
Eye Study Cohort. M.Sc. Thesis, Department of Public Health, Faculty of Medicine, University of Sydney,
Sydney, Australia, 2005.

19. Australian Bureau of Statistics. Australian Health Survey: User’s Guide, 2011–2013; Australian Government
Publishing Service: Canberra, Australia, 2013.

20. Subar, A.F.; Kirkpatrick, S.I.; Mittl, B.; Zimmerman, T.P.; Thompson, F.E.; Bingley, C.; Willis, G.; Islam, N.G.;
Baranowski, T.; McNutt, S. The automated self-administered 24-hour dietary recall (asa24): A resource
for researchers, clinicians and educators from the national cancer institute. J. Acad. Nutr. Diet. 2012, 112,
1134–1137. [CrossRef] [PubMed]

21. Food Standards Australia New Zealand. Ausnut 2011–2013 Food Nutrient Database; Food Standards Australia
New Zealand: Canberra, Australia, 2014.

22. World Health Organization. Length/Height-for-Age, Weight-for-Age, Weight-for-Length, Weight-for-Height and
Body Mass Index-for-Age: Methods and Development; World Health Organization: Geneva, Switzerland, 2006.

23. Australian Bureau of Statistics. Socio-Economic Indexes for Areas; Australian Government Publishing Service:
Canberra, Australia, 2013.

24. National Health and Medical Research Council. Eat for Health-Educator Guide; National Health and Medical
Research Council: Canberra, Australia, 2013.

25. National Health and Medical Research Council. Australian Guide to Healthy Eating; National Health and
Medical Research Council: Canberra, Australia, 2013.

26. Food Standards Australia New Zealand. Assigning NNPAS Foods to ADG Classifications. Available online: http://
www.foodstandards.gov.au/science/monitoringnutrients/australianhealthsurveyandaustraliandietaryguidelines/
assigningnnpas/Pages/default.aspx (accessed on 15 August 2016).

27. Food Standards Australia New Zealand. Determining the Amount of Added Sugars and Free Sugars in Foods Listed
in the Ausnut 2011–2013 Dataset; Food Standards Australia New Zealand (FSANZ): Canberra, Australia, 2016.

http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.2337/diacare.27.5.1047
http://www.ncbi.nlm.nih.gov/pubmed/15111519
http://dx.doi.org/10.1093/ije/dyr029
http://www.ncbi.nlm.nih.gov/pubmed/21335614
http://dx.doi.org/10.1093/epirev/mxm001
http://www.ncbi.nlm.nih.gov/pubmed/17478442
http://dx.doi.org/10.1079/BJN20061731
http://www.ncbi.nlm.nih.gov/pubmed/16611375
http://www.ncbi.nlm.nih.gov/pubmed/11694647
http://dx.doi.org/10.1016/S0002-8223(96)00217-9
http://dx.doi.org/10.1017/S136898000900531X
http://www.ncbi.nlm.nih.gov/pubmed/19335941
http://dx.doi.org/10.3945/jn.113.189407
http://www.ncbi.nlm.nih.gov/pubmed/24572039
http://dx.doi.org/10.1093/ije/dyh388
http://www.ncbi.nlm.nih.gov/pubmed/15649959
http://dx.doi.org/10.1002/cam4.539
http://www.ncbi.nlm.nih.gov/pubmed/26471010
http://dx.doi.org/10.2337/dc16-0574
http://www.ncbi.nlm.nih.gov/pubmed/27634391
http://dx.doi.org/10.1016/j.nut.2015.10.006
http://www.ncbi.nlm.nih.gov/pubmed/26740257
http://dx.doi.org/10.1016/j.jand.2012.04.016
http://www.ncbi.nlm.nih.gov/pubmed/22704899
http://www.foodstandards.gov.au/science/monitoringnutrients/australianhealthsurveyandaustraliandietaryguidelines/assigningnnpas/Pages/default.aspx
http://www.foodstandards.gov.au/science/monitoringnutrients/australianhealthsurveyandaustraliandietaryguidelines/assigningnnpas/Pages/default.aspx
http://www.foodstandards.gov.au/science/monitoringnutrients/australianhealthsurveyandaustraliandietaryguidelines/assigningnnpas/Pages/default.aspx


Healthcare 2017, 5, 7 11 of 12

28. Gemming, L.; Jiang, Y.; Swinburn, B.; Utter, J.; Mhurchu, C.N. Under-reporting remains a key limitation
of self-reported dietary intake: An analysis of the 2008/09 New Zealand adult nutrition survey. Eur. J.
Clin. Nutr. 2014, 68, 259–264. [CrossRef] [PubMed]

29. Rennie, K.L.; Coward, A.; Jebb, S.A. Estimating under-reporting of energy intake in dietary surveys using an
individualised method. Br. J. Nutr. 2007, 97, 1169–1176. [CrossRef] [PubMed]

30. Samuel-Hodge, C.D.; Fernandez, L.M.; Henriquez-Roldan, C.F.; Johnston, L.F.; Keyserling, T.C. A comparison
of self-reported energy intake with total energy expenditure estimated by accelerometer and basal metabolic
rate in African-American women with type 2 diabetes. Diabetes Care 2004, 27, 663–669. [CrossRef] [PubMed]

31. Black, A.E. The sensitivity and specificity of the goldberg cut-off for EI : BMR for identifying diet reports of
poor validity. Eur. J. Clin. Nutr. 2000, 54, 395–404. [CrossRef] [PubMed]

32. Livingstone, M.B.E.; Black, A.E. Markers of the validity of reported energy intake. J. Nutr. 2003, 133,
895S–920S. [PubMed]

33. Hiza, H.A.B.; Casavale, K.O.; Guenther, P.M.; Davis, C.A. Diet quality of americans differs by age, sex,
race/ethnicity, income, and education level. J. Acad. Nutr. Diet. 2013, 113, 297–306. [CrossRef] [PubMed]

34. Arabshahi, S.; Lahmann, P.H.; Williams, G.M.; Marks, G.C.; Van Der Pols, J.C. Longitudinal change in diet
quality in australian adults varies by demographic, socio-economic, and lifestyle characteristics. J. Nutr.
2011, 141, 1871–1879. [CrossRef] [PubMed]

35. McNaughton, S.A.; Ball, K.; Crawford, D.; Mishra, G.D. An index of diet and eating patterns is a valid
measure of diet quality in an australian population. J. Nutr. 2008, 138, 86–93. [PubMed]

36. Nour, M.M.; McGeechan, K.; Wong, A.T.; Partridge, S.R.; Balestracci, K.; Roy, R.; Hebden, L.;
Allman-Farinelli, M. Diet quality of young adults enrolling in TXT2BFIT, a mobile phone-based healthy
lifestyle intervention. JMIR Res. Protoc. 2015, 4, e60. [CrossRef] [PubMed]

37. Mishra, G.; Ball, K.; Arbuckle, J.; Crawford, D. Dietary patterns of australian adults and their association
with socio-economic status: Results from the 1995 national nutrition survey. Eur. J. Clin. Nutr. 2002, 56,
687–693. [CrossRef] [PubMed]

38. Thorpe, M.G.; Kestin, M.; Riddell, L.J.; Keast, R.S.; McNaughton, S.A. Diet quality in young adults and its
association with food-related behaviours. Public Health Nutr. 2014, 17, 1767–1775. [CrossRef] [PubMed]

39. Allman-Farinelli, M.; Chey, T.; Bauman, A.; Gill, T.; James, W. Age, period and birth cohort effects on
prevalence of overweight and obesity in Australian adults from 1990 to 2000. Eur. J. Clin. Nutr. 2008, 62,
898–907. [CrossRef] [PubMed]

40. Hayes, A.J.; Lung, T.W.C.; Bauman, A.; Howard, K. Modelling obesity trends in Australia: Unravelling the
past and predicting the future. Int. J. Obes. 2017, 41, 178–185. [CrossRef] [PubMed]

41. Van Lee, L.; Geelen, A.; Kiefte-De Jong, J.C.; Witteman, J.C.M.; Hofman, A.; Vonk, N.; Jankovic, N.;
Van Huysduynen, E.H.; De Vries, J.H.M.; Van’t Veer, P.; et al. Adherence to the dutch dietary guidelines is
inversely associated with 20-year mortality in a large prospective cohort study. Eur. J. Clin. Nutr. 2016, 70,
262–268. [CrossRef] [PubMed]

42. O’Mahony, B.; Hall, J. The influence of perceived body image, vanity and personal values on food
consumption and related behaviour. J. Hosp. Tour. Manag. 2007, 14, 57–69. [CrossRef]

43. Wardle, J.; Haase, A.M.; Steptoe, A.; Nillapun, M.; Jonwutiwes, K.; Bellisie, F. Gender differences in food
choice: The contribution of health beliefs and dieting. Ann. Behav. Med. 2004, 27, 107–116. [CrossRef]
[PubMed]

44. Munt, A.; Partridge, S.; Allman-Farinelli, M. The barriers and enablers of healthy eating among young adults:
A missing piece of the obesity puzzle: A scoping review. Obes. Rev. 2017, 18, 1–17. [CrossRef] [PubMed]

45. Robertson, C.; Avenell, A.; Boachie, C.; Stewart, F.; Archibald, D.; Douglas, F.; Hoddinott, P.; Van Teijlingen, E.;
Boyers, D. Should weight loss and maintenance programmes be designed differently for men? A systematic
review of long-term randomised controlled trials presenting data for men and women: The romeo project.
Obes. Res. Clin. Pract. 2016, 10, 70–84. [CrossRef] [PubMed]

46. Hunt, K.; Wyke, S.; Gray, C.M.; Anderson, A.S.; Brady, A.; Bunn, C.; Donnan, P.T.; Fenwick, E.; Grieve, E.;
Leishman, J.; et al. A gender-sensitised weight loss and healthy living programme for overweight and obese
men delivered by scottish premier league football clubs (FFIT): A pragmatic randomised controlled trial.
Lancet 2014, 383, 1211–1221. [CrossRef]

47. Livingstone, K.M.; McNaughton, S.A. Diet quality is associated with obesity and hypertension in Australian
adults: A cross sectional study. BMC Public Health 2016, 16, 1037–1046. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/ejcn.2013.242
http://www.ncbi.nlm.nih.gov/pubmed/24300904
http://dx.doi.org/10.1017/S0007114507433086
http://www.ncbi.nlm.nih.gov/pubmed/17433123
http://dx.doi.org/10.2337/diacare.27.3.663
http://www.ncbi.nlm.nih.gov/pubmed/14988282
http://dx.doi.org/10.1038/sj.ejcn.1600971
http://www.ncbi.nlm.nih.gov/pubmed/10822286
http://www.ncbi.nlm.nih.gov/pubmed/12612176
http://dx.doi.org/10.1016/j.jand.2012.08.011
http://www.ncbi.nlm.nih.gov/pubmed/23168270
http://dx.doi.org/10.3945/jn.111.140822
http://www.ncbi.nlm.nih.gov/pubmed/21865564
http://www.ncbi.nlm.nih.gov/pubmed/18156409
http://dx.doi.org/10.2196/resprot.4484
http://www.ncbi.nlm.nih.gov/pubmed/26018723
http://dx.doi.org/10.1038/sj.ejcn.1601391
http://www.ncbi.nlm.nih.gov/pubmed/12080411
http://dx.doi.org/10.1017/S1368980013001924
http://www.ncbi.nlm.nih.gov/pubmed/23866858
http://dx.doi.org/10.1038/sj.ejcn.1602769
http://www.ncbi.nlm.nih.gov/pubmed/17440514
http://dx.doi.org/10.1038/ijo.2016.165
http://www.ncbi.nlm.nih.gov/pubmed/27671035
http://dx.doi.org/10.1038/ejcn.2015.163
http://www.ncbi.nlm.nih.gov/pubmed/26486300
http://dx.doi.org/10.1375/jhtm.14.1.57
http://dx.doi.org/10.1207/s15324796abm2702_5
http://www.ncbi.nlm.nih.gov/pubmed/15053018
http://dx.doi.org/10.1111/obr.12472
http://www.ncbi.nlm.nih.gov/pubmed/27764897
http://dx.doi.org/10.1016/j.orcp.2015.04.005
http://www.ncbi.nlm.nih.gov/pubmed/25937165
http://dx.doi.org/10.1016/S0140-6736(13)62420-4
http://dx.doi.org/10.1186/s12889-016-3714-5
http://www.ncbi.nlm.nih.gov/pubmed/27716133


Healthcare 2017, 5, 7 12 of 12

48. Whitton, C.; Ma, Y.; Bastian, A.C.; Chan, M.F.; Chew, L. Fast-food consumers in Singapore: Demographic
profile, diet quality and weight status. Public Health Nutr. 2014, 17, 1805–1813. [CrossRef] [PubMed]

49. Pate, R.R.; Taverno Ross, S.E.; Liese, A.D.; Dowda, M. Associations among physical activity, diet quality, and
weight status in U.S. adults. Med. Sci. Sports Exerc. 2015, 47, 743–750. [CrossRef] [PubMed]

50. Guo, X.; Warden, B.; Paeratakul, S.; Bray, G. Healthy eating index and obesity. Eur. J. Clin. Nutr. 2004, 58,
1580–1586. [CrossRef] [PubMed]

51. Tande, D.L.; Magel, R.; Strand, B.N. Healthy eating index and abdominal obesity. Public Health Nutr. 2010,
13, 208–214. [CrossRef] [PubMed]

52. Darmon, N.; Drewnowski, A. Does social class predict diet quality? Am. J. Clin. Nutr. 2008, 87, 1107–1117.
[PubMed]

53. Backholer, K.; Spencer, E.; Gearon, E.; Magliano, D.J.; McNaughton, S.A.; Shaw, J.E.; Peeters, A.
The association between socio-economic position and diet quality in Australian adults. Public health Nutr.
2016, 19, 477–485. [CrossRef] [PubMed]

54. Drewnowski, A.; Darmon, N. Food choices and diet costs: An economic analysis. J. Nutr. 2005, 135, 900–904.
[PubMed]

55. Maillot, M.; Darmon, N.; Vieux, F.; Drewnowski, A. Low energy density and high nutritional quality are
each associated with higher diet costs in French adults. Am. J. Clin. Nutr. 2007, 86, 690–696. [PubMed]

56. Rao, M.; Afshin, A.; Singh, G.; Mozaffarian, D. Do healthier foods and diet patterns cost more than less
healthy options? A systematic review and meta-analysis. BMJ Open 2013, 3, e004277. [CrossRef] [PubMed]

57. Lee, A.J.; Kane, S.; Ramsey, R.; Good, E.; Dick, M. Testing the price and affordability of healthy and current
(unhealthy) diets and the potential impacts of policy change in Australia. BMC Public Health 2016, 16,
315–336. [CrossRef] [PubMed]

58. Center for Nutrition Policy and Promotion. Hei-2010 Total and Component Scores for Children, Adults, and Older
Adults, during 2005–2006; The United States Department of Agriculture: Alexandria, VA, USA, 2016.

59. Renzaho, A.M.N.; Swinburn, B.; Burns, C. Maintenance of traditional cultural orientation is associated with
lower rates of obesity and sedentary behaviours among African migrant children to Australia. Int. J. Obes.
2008, 32, 594–600. [CrossRef] [PubMed]

60. Huang, B.; Rodriguez, B.L.; Burchfiel, C.M.; Chyou, P.-H.; Curb, J.D.; Yano, K. Acculturation and prevalence
of diabetes among Japanese-American men in Hawaii. Am. J. Epidemiol. 1996, 144, 674–681. [CrossRef]
[PubMed]

61. Pingali, P. Westernization of Asian diets and the transformation of food systems: Implications for research
and policy. Food Policy 2007, 32, 281–298. [CrossRef]

62. Mendez, M.; Du, S.; Popkin, B. Urbanization, income and the nutrition transition in China: A case study.
FAO Food Nutr. Pap. 2004, 169–194.

63. Fung, T.T.; McCullough, M.; Van Dam, R.M.; Hu, F.B. A prospective study of overall diet quality and risk of
type 2 diabetes in women. Diabetes Care 2007, 30, 1753–1757. [CrossRef] [PubMed]

64. Xiao, R.S.; Simas, T.A.M.; Person, S.D.; Goldberg, R.J.; Waring, M.E. Diet quality and history of gestational
diabetes mellitus among childbearing women, United States, 2007–2010. Prev. Chronic Dis. 2015, 12, 1–9.
[CrossRef] [PubMed]

65. Nelson, K.M.; Reiber, G.; Boyko, E.J. Diet and exercise among adults with type 2 diabetes. Diabetes Care 2002,
25, 1722–1728. [CrossRef] [PubMed]

66. Evert, A.B.; Boucher, J.L.; Cypress, M.; Dunbar, S.A.; Franz, M.J.; Mayer-Davis, E.J.; Neumiller, J.J.;
Nwankwo, R.; Verdi, C.L.; Urbanski, P. Nutrition therapy recommendations for the management of adults
with diabetes. Diabetes Care 2013, 36, 3821–3842. [CrossRef] [PubMed]

67. World Health Organization. Sugars Intake for Adults and Children: Guideline; World Health Organization:
Geneva, Switzerland, 2015.

68. Australian Bureau of Statistics. Australian Health Survey: First Results, 2014–2015; Australian Government
Publishing Services: Canberra, Australia, 2012.

© 2017 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1017/S1368980013001997
http://www.ncbi.nlm.nih.gov/pubmed/23905623
http://dx.doi.org/10.1249/MSS.0000000000000456
http://www.ncbi.nlm.nih.gov/pubmed/25058328
http://dx.doi.org/10.1038/sj.ejcn.1601989
http://www.ncbi.nlm.nih.gov/pubmed/15162130
http://dx.doi.org/10.1017/S1368980009990723
http://www.ncbi.nlm.nih.gov/pubmed/19650960
http://www.ncbi.nlm.nih.gov/pubmed/18469226
http://dx.doi.org/10.1017/S1368980015001470
http://www.ncbi.nlm.nih.gov/pubmed/25989940
http://www.ncbi.nlm.nih.gov/pubmed/15795456
http://www.ncbi.nlm.nih.gov/pubmed/17823434
http://dx.doi.org/10.1136/bmjopen-2013-004277
http://www.ncbi.nlm.nih.gov/pubmed/24309174
http://dx.doi.org/10.1186/s12889-016-2996-y
http://www.ncbi.nlm.nih.gov/pubmed/27067642
http://dx.doi.org/10.1038/ijo.2008.2
http://www.ncbi.nlm.nih.gov/pubmed/18253161
http://dx.doi.org/10.1093/oxfordjournals.aje.a008980
http://www.ncbi.nlm.nih.gov/pubmed/8823064
http://dx.doi.org/10.1016/j.foodpol.2006.08.001
http://dx.doi.org/10.2337/dc06-2581
http://www.ncbi.nlm.nih.gov/pubmed/17429059
http://dx.doi.org/10.5888/pcd12.140360
http://www.ncbi.nlm.nih.gov/pubmed/25719215
http://dx.doi.org/10.2337/diacare.25.10.1722
http://www.ncbi.nlm.nih.gov/pubmed/12351468
http://dx.doi.org/10.2337/dc13-2042
http://www.ncbi.nlm.nih.gov/pubmed/24107659
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Respondents 
	Dietary Data Collection 
	Anthropometry and Demographic Characteristics 
	HEIFA-2013 
	Misreporting 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 

