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Abstract
This study examined differences in food groups consumed at eating occasions by the level of adherence to dietary guidelines in Australian adults
(≤19 years) and whether consumption differed with respect to age, sex and education levels. Secondary analysis of the 2011–2012 National
Nutrition and Physical Activity Survey (n 9054) was performed, using one 24-h dietary recall with self-reported eating occasions. Dietary
Guideline Index scores were used to assess adherence to the 2013 Australian Dietary Guidelines. Mean differences (95 % CI) in servings of the
five food groups and discretionary foods at eating occasions were estimated for adults with higher and lower diet quality, stratified by sex, age
group and education. Using survey-based t-tests, differences of at least half a serving with P values < 0·05 were considered meaningful.
Comparedwith adults with lower diet quality, women andmen aged 19–50 years with higher diet quality consumedmore serves of vegetables at
dinner (mean difference (95 % CI), women; 1·0; 95 % CI (0·7, 1·2); men: 0·9; 95 % CI (0·6, 1·3)) and fewer serves of discretionary foods at
snacks (women: −0·7; 95 % CI (−0·9, −0·5); men: −1·0; 95 % CI (−1·4, −0·7). Other food groups, such as grains, dairy products and alternatives,
meats and alternatives, were not significantly different between adults with lower and higher diet quality, across any eating occasions and age
groups. Discretionary food intake at lunch, dinner and snacks was consistently greater among adults with lower diet quality, regardless of
education level. Our findings identify dinner and snacks as opportunities to increase vegetable intake and reduce discretionary food intake,
respectively.
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Globally, a suboptimal diet increases risk factors for diet-related
chronic diseases and is responsible for 22 % of all deaths and
15 % of all disability-adjusted life-years(1). High BMI is one
of the risk factors that are modifiable by improving lifestyle
behaviour. In Australia, high BMI was the leading risk factor
contributing to non-fatal burden (living with disease) and the
second leading risk factor for fatal burden with 16 400 deaths
(10 % of all deaths) in 2018(2). Healthy eating messages and
dietary guidelines form a key component of Australia’s prevention
strategies to deal with growing public health challenges
relating to high BMI.

The Australian Dietary Guidelines (ADG) recommend eating
a wide variety of foods from five food groups (grain foods,
vegetables (and legumes), fruits, dairy products and alternatives
and meats and alternatives) to achieve a higher diet quality.
Other healthy eating habits include selecting wholegrain and/or
high-fibre grains, lean meats and reduced-fat dairy foods,
drinking plenty of water and limiting discretionary foods/
beverages that are high in energy, saturated fat, added sugars

and/or salt or alcohol. However, the usual intake of five food
groups for both men and women of all ages was well below the
ADG recommended level in 2011–2012(3). For example, 49 % did
not eat the recommended two serves of fruit, and 92 % did not
eat the recommended 5 to 6 serves of vegetables. Discretionary
food intake also exceeded the maximum recommendation of 0
to 3 serves a day (where 600 kJ is equivalent to 1 serve); on
average, adults consumed between 5 and 7 serves/d(4).

Prior research on healthy dietary patterns has often focused
on analysing overall daily intake, with few studies considering
consumption patterns at eating occasions(5). Identifying foods
and beverages consumed at eating occasions is key to under-
standing food behaviour as it can assist with messages and
translation to the public(6). Eating occasion is a term used in
research on eating patterns to describe the foods and beverages
eaten together at meals and snacks(7). The characteristics of each
eating occasion during the day can provide a detailed picture of
how their dietary behaviour differs, leading to more targeted
intervention strategies through meal- and snack-based advice.
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There are only a small number of studies that have examined
variations in food consumption at eating occasions and even
fewer studies involving Australian populations. A review of
international literature onmeal and snack consumption provides
contrasting findings where snacking seems to provide valuable
nutrients in healthy individuals while often contributes excessive
energy with limited nutrition, especially in people living with
obesity(8). A recent study investigating Japanese adults’ dietary
patterns found that distinctive meal-based dietary patterns at
different eating occasions will lead to different diet quality(9). In
Australia, Rebuli et al. examined the average percentage of the
ADG daily target for the five-food groups consumed at each
eating occasion(10). Breakfast contributed an average of 18·6–
47·0 % towards the daily grain targets, 11·2–29·3 % for fruit and
10·2–35·3 % for dairy product and alternative foods. At lunches,
Australian adults consumed an average of 17·9–38·2 % towards
the recommended daily grains intake and only 12·4–19·4 %
towards vegetable intake. Dinners contributed 17·4–39·4 %
for grains food groups, and vegetable consumption was only
18·5–40·8 %, meats and alternatives at 30·7–56·5 % and fruits at
4·3–29·5 %, respectively. Another study also showed that meats
and alternatives food groups were mainly consumed at lunch
and dinner, with males being more likely to consume red
meat, poultry and processed meat than females at lunch(11).
Furthermore, fish and seafood consumption was associated with
the least disadvantaged socioeconomic position(11).

Existing studies have demonstrated that Australians consume
well above the amount recommended for discretionary foods.
Fayet-Moore et al. showed that the population average intake of
discretionary food was five serves/d, with 45 % and 30 % of that
intake consumed at lunch and dinner (combined) and snacks,
respectively(12). Using the same national population survey data,
the findings from Rebuli et al.were consistent with Fayet-Moore
et al. where discretionary foods were consumed at all eating
occasions (breakfast, lunch, dinner and snacks) and made up a
large contribution to total energy intake(10), irrespective of sex
and age group.

While a small number of previous studies have examined
food intake at eating occasions(10–12), little is known about the
differences in food intake at eating occasions between those
with higher diet quality (i.e., higher adherence to the ADG
recommendations) and those with lower diet quality. The
difference in food intake at each occasion between adults with
higher v. lower diet quality can describe eating patterns, potentially
offering insights to encourage more Australians to follow the ADG.
Therefore, the primary aim of this study is to examine differences in
foods and beverages consumed at eating occasions by the level of
adherence to dietary guidelines in a nationally representative
sample of Australian adults (19 years and over), with a secondary
aim to examine whether consumption differed with respect to age,
sex and education levels.

Methods

Participants and procedures

The National Nutrition and Physical Activity Survey (2011–2012)
is the latest nationally representative population nutritional

survey in Australia. This data is a component of the 2011–2012
Australian Health Survey, collected by the Australian Bureau
of Statistics (ABS)(13). Details of the 2011–2012 the National
Nutrition and Physical Activity Survey have been published
elsewhere(13). Briefly, the National Nutrition and Physical
Activity Survey is a nationally representative, cross-sectional
survey that measures foods, beverages and supplements intake,
aswell as general information on theAustralian population(13). The
ABS selected the sample population using a stratified multistage
area sample of private dwellings with a response rate of 77%.
Individuals who lived in non-private dwellings such as boarding
schools, prisons, hospitals and nursing homes were excluded
from the survey. Within each household, one adult and one child
were selected for the survey. Household and personweights were
calculated to ensure appropriate representations of the total
population. A total of 12 336 households were approached for
inclusion, with a total of 12 153 participants included.

For this analysis, respondents were excluded if they: (i) were
18 years of age or younger; (ii) were pregnant and/or breast-
feeding or (iii) had missing data for time of consumption (Fig. 1).
The data from the remaining respondents were used in this
study. An exemption from ethics review was approved by the
Deakin University Human Research Ethics Committee for this
analysis of pre-existing and non-identifiable data (DUHREC);
application 2018–415).

Measures

Dietary intake assessment and classification of food groups

Dietary intake was collected via two 24-h dietary recalls(14). The
first recall collected all foods and beverages consumed on the
day before the interview. The second recall was performed via
telephone (computer-assisted telephone interview) and, when
possible, at least 8 d after the first recall interview. This analysis
used the first day of dietary recall to maintain the national

Total number
of participant in NNPAS

2011-12, Day 1
(n 12153)

Remaining participants
(n 9115)

Excluded (total n 3038)
<19 years of age (n 2812)

Currently pregnant and
breastfeeding (n 226)

Excluded (total n 61)
Missing time of consumption

Participants included for
analysis
(n 9054)

Fig. 1. Flow diagram of participants included in the analysis.
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representativeness of the sample across age groups, as only a
subset of the population completed the second dietary recall
(63·6 %). The dietary recall method was based on the National
Health and Nutrition Examination Survey 5-step Automated
Multiple-Pass Method. Information used for this analysis are
participant-identified labels of eating occasion, time of con-
sumption, food descriptions and amount of food eaten.

The Australian Food, Supplement and Nutrient Database
2011–2013 (AUSNUT13) was used to determine the amount of
food consumed. AUSNUT13 is a database developed by the
Food Standards Australia and New Zealand to analyse the 24-h
recall data(15).

Foods and beverages reported by respondents were grouped
by the ABS according to five food groups recommended by the
ADG and a discretionary food group. The ADG Food Group
database was used to estimate food intakes of the five food
groups(16), while discretionary foods are categorised using ABS-
provided classification(17). The food groups are (i) vegetables:
including different types and colours of vegetables and legumes/
beans; (ii) fruits: including different types of fruits, juices and
dried fruits, such as varieties of pome fruits, citrus fruits, stone
fruit, tropical fruit, berries and other fruits; (iii) grains: mostly
wholegrain and/or high cereal fibre varieties; (iv) meats and
alternatives: lean meats and poultry, fish, eggs, tofu, nuts and
seeds and legumes/beans; (v) dairy products and alternatives:
milk, yoghurt, cheese and/or their alternatives, mostly reduced
fat and (vi) discretionary (energy dense, nutrient poor): foods
that contain a high level of saturated fat, added salt, added sugar
and alcohol such as potato chips, cakes, processed meats and
sugar-sweetened beverages. The amount of intake was
calculated as number of serves consumed per eating occasion,
according to the ABS classification(14).

Diet quality

TheDietaryGuideline Index (DGI)was used as ameasure of diet
quality and to assess adherence to the food-based recommen-
dation in the 2013 ADG(18–20). The DGI has been adapted for
application in 24-h recall data and comprises 23 items
(Additional file 1). The 23 items capture important food choices
that reflect adherence to the 2013 ADG recommendations. Each
item has cut-offs used to obtain the maximum score (10 points);
they were guided by the age and sex-specific food-based daily
recommendations outlined in the ADG. The DGI scores ranged
from a minimum of 0 to a maximum of 130, with a higher score
implying better diet quality(19). Respondents were stratified
according to the DGI score of: (i) higher level of adherence or
higher diet quality: those with the top tertile of the DGI score;
and (ii) lower level of adherence or lower diet quality: all other
scores that were not in the top tertile.

Categorisation of eating occasions

Respondents self-reported the name of eating occasion and
eating time when each food item was consumed. Reported
eating occasions were chosen from a list of pre-defined terms
provided by the ABS: breakfast, morning tea, lunch, dinner,
supper, afternoon tea, snacks, drink/beverage, extended con-
sumption (i.e. eating occasions that extend over time) and other/

I do not know. For this analysis, eating occasions were classified
as breakfast, lunch, dinner or snacks, based on previously
published approaches(7). Breakfast included all foods and drinks
items that were reported as breakfast and/or brunch. Lunch
included items that were reported as lunch. Dinner included items
thatwere reported as dinner and/or supper. Snacks included items
that were reported as snacks, morning tea or afternoon tea(7).
Items that were identified as extended consumption, other, I do
not know/not determined were considered as either breakfast,
lunch, dinner or snacks when: (i) intake occurred at the same time
as breakfast, lunch, dinner or snacks or (ii) intake occurred≤ 15
min after breakfast, lunch, dinner or snacks, respectively, because
we inferred that these intakes are a continuation of the preceding
eating occasion(7). Food items that occurred after dinner were
categorised as snacks if the participants defined that eating
occasion as a snack. And, for this analysis, the time of day (timing)
of eating occasion was not examined.

Socio-demographic characteristics

Socio-demographic data were collected by ABS-trained and
experienced interviewers. Information collected included sex,
age, country of birth, marital status, number of persons in the
household, geographical region of residence, household
income, labour force status, duration of unemployment, shift
work, level of education, area-level disadvantage and food
security. For this analysis, age was categorised as 19–51, 51–70
and 71 years and over in alignment with age categories used in
Australian nutrition recommendations(21). Country of birth
was categorised by the ABS as Australia, main English-
speaking countries or other. Marital status was categorised as
married or not married. The number of persons in the
household ranged from 1 to 6 or more. The geographical
region of residence was assessed using the Australian
Statistical Geography Standard Remoteness areas categories
(2011) and was divided into three categories – major cities of
Australia, inner regional Australia and others. Household
income was defined as the gross weekly combined equiv-
alised income of all household members and was divided into
quintiles: lowest 20 % to highest 20 %. Labour force status was
defined as employed, unemployed and not in the labour force.
Duration of unemployment was categorised as under 4 weeks,
4 weeks or more and not applicable. Shift work was
categorised as yes, no or not applicable. The level of
education was categorised as low (incomplete high school
or less), medium (complete high school or incomplete high school
and/or certificate/diploma) and high (tertiary qualification). Area-
level disadvantagewas assessed by the socio-economic indexes for
areas provided in the survey. Area-level disadvantage was divided
into quintiles ranging from most disadvantaged (lowest 20%) to
least disadvantaged (highest 20%). Food security was defined by
respondents’ answers to the question ‘Whether ran out of food in
the last 12 months and could not afford to buy more’, and answers
were categorised as yes or no.

Statistical analysis

Descriptive statistics were used to provide summary estimates of
the sample characteristics, with sample stratified by diet quality,
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as described above. Differences in sample characteristics
between lower and higher diet quality were assessed using
survey design adjusted F-test and χ2 test as appropriate. The
weighted proportions of consumers and non-consumers were
calculated to examine the degree of non-consumption of food
groups at breakfast, lunch, dinner and snacks. Eating occasions
with no food group consumption were excluded. The mean
serves (95 % CI) for food groups were stratified by diet quality
and reported separately for men and women and across age
groups. Survey F-tests were used to estimate mean differences in
serves of food group consumption between adults with higher
and lower diet quality. Linear regressionmodels, adjusted for age
group, were used to estimate the marginal means (95% CI) of
food group consumption among adults with higher v. lower diet
quality, stratified by education level(22). Bonferroni correction
was used to adjust the P values when comparing marginal
means. Differences of ≥0·5 serve with a P value < 0·05 were
considered meaningful differences. All results presented were
weighted using the person-specific survey weights and
replicate weights (Jackknife delete-1 method) provided by
the ABS, to account for selection probability and the effect of
complex sampling procedures. Statistical analysis was per-
formed using RStudio (R 4.1.2) and Stata 17 software.

Results

Sample characteristics

Of 9054 adults included in the analysis, 66·8 % were classified as
having lower level of adherence to the ADG (in other words,
lower diet quality). Compared with populations with lower diet
quality (as shown in Table 1), those demonstrating higher diet
quality were more likely to be female (P< 0·001), married
(P= 0·006), have higher educational attainment (P< 0·001),
have higher household income (P= 0·003), reported lower
levels of food insecurity (P< 0·001) and had lower socio-
economic disadvantage as indicated by their socio-economic
indexes for areas scores (P< 0·001). No significant differences
were found for other characteristics.

Consumers and non-consumers at eating occasions

Proportions of consumers and non-consumers of food groups at
eating occasions were examined (Fig. 2 and Additional file 2).
Regardless of diet quality, the proportions of adults who
consumed vegetables and meat and alternatives foods were
low at breakfast and snacks. A similar trend was observed for
fruit at lunch and dinner, where only a small proportion of
adults consumed fruit at all. Differences in the proportions of
discretionary food consumption between lower and higher
diet quality were observed across all eating occasions. Notably,
populations with lower diet quality had a higher percentage of
consumers of discretionary foods compared with non-consum-
ers, while the opposite trendwas observed for fruit consumption
(higher proportion of consumers for higher diet quality) during
breakfast and snacks.

Differences in consumption stratified by age group

Table 2 presents the weighted mean difference (95 % CI) in
serves of food group intakes among women with lower and
higher diet quality (for weightedmean serves, refer to Additional
file 3). Compared with women with lower diet quality, women
aged between 19 and 50 years with higher diet quality consumed
less discretionary foods at lunch, dinner and snacks (mean
differences (MD): −0·7, −1·0 and −1·0 serves, respectively).
They also consumed more vegetables at breakfast and dinner
(MD: 0·6 and 1·0 serves). For women aged between 51 and 70
years, those with higher diet quality also consumed less
discretionary foods at all eating occasions, especially for snacks
(MD for breakfast, lunch, dinner, snacks: −0·2, −0·6, −0·7 and
−1·1 serves). They also consumed more fruit at lunch (MD:
0·4 serves), more vegetables at lunch and dinner (MD: 0·7 and
1·0 serves) andmoremeat and alternatives foods for snacks (MD:
0·4 serves) than those with lower diet quality. Women above 70
years old with higher diet quality consumed less discretionary
foods for lunch and snacks (MD:−0·4 and−0·6 serves) andmore
fruits and vegetables for dinner (MD: 0·4 and 0·8, respectively).

The weighted mean differences (95 % CI) of food group
intakes amongmenwith lower and higher diet quality are shown
in Table 3 (for weighted mean serves, refer to Additional file 4).
Men between 19 and 50 with higher diet quality consumed less
discretionary foods at all eating occasions, particularly at dinner,
and snacks, where the differences were more than one serves
(M.D. for B, L, D, S: -0·3, -1·0, -1·3, -1·9 serves). Other differences
were higher intake of vegetables at lunch and dinner (MD: 0·6
and 0·9 serves), more grain-based foods at breakfast (0·3 serves)
and more meat and alternatives foods at snacks (0·5 serves).
Similar to younger men, men between 51 and 70with higher diet
quality consumed less discretionary foods at all eating occasions,
especially for snacks (MD: -1·3 serves). They also consumed
more fruits and vegetables at lunch and dinner than men with
lower diet quality. For snacks, men aged between 51 and 70
years with higher diet quality consumed more fruits and meat
and alternatives foods (MD: 0·7 and 0·5 serves). No meaningful
differences were found in consumption of discretionary foods at
breakfast, lunch and snacks formen aged 71 years and over. Men
aged 71 years and over with higher diet quality consumed more
grains at breakfast (MD: 0·5 serves), more fruits at lunch (MD: 0·6
serves), more vegetables at dinner (MD: 1·2 serves) and fewer
grain-based foods at snacks (-0·4 serves).

Differences in consumption stratified by education level

Tables 4 and 5 show the weighted mean differences (95 % CI) of
food group intakes at eating occasions among men and women
with higher and lower diet quality, by education level (for
weighted mean serves, refer to Additional file 5 and 6).
Stratification by education had little impact on the results, and
the differences in food group consumptions found were
consistent across education strata between men and women
with lower and higher diet quality. We observed meaningful
differences in intake of vegetables and discretionary foods at
lunch and dinner, where women with higher diet quality
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Table 1. Characteristics of 9054 adults aged 19þ by diet quality*, using dietary guideline index score

n (person)

Lower diet quality Higher diet quality

P value†
n 6037 % 66·8 n 3017 % 33·2

Age 0·13
19–50 3240 58·9 1652 60·3
51–70 1984 30·3 906 28·0
71þ 813 10·8 459 11·7

Sex <0·001
Male 3018 53·4 1227 44·9
Female 3019 46·6 1790 55·1

Country of birth 0·023
Australia 4347 69·8 2063 66·5
Other 1690 30·2 954 33·5

Education level <0·001
Low 1868 28·4 705 20·5
Medium 2848 49·7 1342 48·0
High 1321 21·9 970 31·5

Number of persons in household 0·94
1 person 1672 14·3 838 14·4
2 persons 2138 34·8 1054 35·8
3 persons 898 18·4 434 18·3
4 persons 875 21·7 466 21·2
5 persons 336 8·0 160 7·3
6 or more persons 118 2·8 65 3·0

Household income 0·003
First quintile 1224 17·2 511 14·5
Second quintile 1002 15·6 482 15·1
Third quintile 978 17·3 490 17·3
Fourth quintile 1148 18·5 604 19·8
Fifth quintile 1064 17·3 650 21·1
Not known 621 14·2 280 12·2

Labour force status 0·041
Employed 3825 66·2 1941 68·7
Unemployed 153 3·0 53 1·8
Not in the labour force 2059 30·8 1023 29·6

Duration of unemployment 0·013
Under 4 weeks 33 0·9 8 0·2
4 weeks or more 120 2·2 45 1·6
Not applicable 5884 97·0 2964 98·2

Shift work‡ 0·24
Yes 606 11·0 288 10·8
No 3219 55·2 1653 57·9
Not applicable 2212 33·8 1076 31·3

Food security <0·001
Yes 314 4·2 82 2·2
No 5723 95·8 2935 97·8

Social marital status 0·006
Married 3105 57·9 1657 61·8
Not married 2932 42·1 1360 38·2

Geographical region of residence 0·11
Major cities of Australia 3789 70·5 2030 73·3
Inner regional Australia 1205 19·8 552 18·2
Other 1043 9·7 435 8·6

SEIFA§ <0·001
Lowest 20% 1216 19·6 503 15·4
Second quintile 1311 21·3 561 17·5
Third quintile 1214 20·8 576 20·1
Fourth quintile 999 17·6 596 21·3
Highest 20% 1297 20·7 781 25·7

Eating occasions <0·001
Breakfast 5210 23·5 2888 24·9
Lunch 5144 23·9 2828 24·4
Dinner 5698 25·9 2958 25·4
Snack 5862 26·6 2956 25·3

Median Q1–Q3 Median Q1–Q3
Dietary guideline index score 66·0 66·0–66·3 89·6 89·3–89·9 <0·001

* Higher diet quality – the top tertile of dietary guidelines index score (0–130) which assessed adherence to the Australian Dietary Guidelines. Lower diet quality – bottom two tertiles of
the score.

† Differences between lower and higher level of adherence assessed using t-test for continuous variables with normal distribution, Kruskal–Wallis H test for continuous variable with
non-normal distribution and Pearson’s χ2 test for categorical variables.

‡ Did shift work in the last 4 weeks.
§ Socio-economic indexes for areas were divided into quintiles ranging from most disadvantaged (lowest 20%) to least disadvantaged (highest 20%).
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consumedmore vegetables and less discretionary food (L, D: 0·5
and -0·5 serve, 1·1 and -0·8 serves, all P values< 0·01). For
snacks, meaningful differences in consumption were observed
in fruits (0·5 serve (95 % CI (0·4, 0·6)) and discretionary foods
(-1·0 serves (95 % CI (-1·2, -0·8)). Irrespective of their level of
education, men with higher diet quality showed consistent
dietary patterns where they consumed significantly fewer
discretionary foods at lunch (-0·8 serves, 95 % CI (-0·9, -0·6)),
dinner (-1·2 serves, 95 % CI (-1·4, -0·9)) and snacks (-1·5 serves,
95 % CI (-1·8, -1·3)). Additionally, these individuals incorporated
more vegetables into their dinner (1·1 serves, 95 % CI (0·8, 1·3))
and higher fruit intake at snacks (0·6 serves, 95 % CI (0·4, 0·8)).

Discussion

This study examined differences in foods and beverages
consumed at eating occasions across levels of diet quality and
across key socio-demographic factors and found that the intake
of vegetables and discretionary foods at lunch, dinner and
snacks was meaningfully different between adults with higher
and lower diet quality. The study found that adults with higher
diet quality consumed fewer discretionary foods at snacks, more
vegetables at dinner and had fewer eating occasions that
contained discretionary foods compared with those with lower
diet quality. When age groups were adjusted, those with lower

diet quality consistently consumed more discretionary foods at
lunch, dinner and snacks, regardless of their education level.
These findings on food group consumption at eating occasions
demonstrate how the current eating patterns of Australians
contribute to better diet quality and identify dinner and snacks as
opportunities to increase vegetable intake and reduce discre-
tionary food intake, respectively. They are relevant to the
translation of messages around consumption of food groups at
eating occasions.

Findings from the present study found that discretionary food
intake differed significantly at snacks between adults with higher
and lower diet quality, except for those above 70 years of age.
We found that adults with lower diet quality consumed more
servings of discretionary foods at snacks. In addition to
consuming a greater quantity, those with lower diet quality also
had a greater number of eating occasions where consumption of
discretionary foods occurred. This is consistent with previous
research that showed higher discretionary food consumption
was associated with lower diet quality(23,24). Therefore, recom-
mendations regarding discretionary foods may have two
approaches: reduce the frequency of snacks with discretionary
foods or reduce the amount of discretionary food consumed
when snacking occurs. An expert collaboration across several
fields of research found that strategically designed snacking can
be a useful tool for adults to meet their daily dietary needs(25). In
addition, the research concluded that snacking could assist in
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Fig. 2. Weighted proportion of consumers of the five food group foods and discretionary foods at each eating occasion among adults with higher and lower levels of diet
quality, as indicated by the dietary guidelines index score (n 9054).
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making healthy dietary choices when done thoughtfully and
responsibly. Tailored strategies addressing discretionary food
and beverage intake through portion control, frequency
reduction or variety reduction were also found to lower energy
intake and enhance diet quality(26), suggesting that interventions
need to customise messages to individuals’ dietary habits.
Therefore, snacks are an important occasion to target for
reducing and replacing discretionary foods (with fruits and
vegetables). Results from a randomised controlled trial have
showed that interventions aimed at increasing fruit and
vegetable consumption among socio-economically disadvan-
taged individuals were effective in reducing their consumption
of discretionary foods(27). Additionally, a study investigating food
swaps showed that substitutions in the diet are feasible and
could form the basis of a dietary strategy to improve overall
quality. They found that fruit consumption increased when
swapped with discretionary foods while there was limited
change in vegetable(28). This recommendation is in line with a

scoping review that aimed to identify dietary intervention
strategies to reduce intake of discretionary choices, where
restricting portion size reduced energy intake consistently in
acute settings and substituting discretionary choices for high
fibre snacks, fruit or low/no-energy beverages were identified as
helpful strategies(29).

Overall, adults who achieved higher diet quality consumed
more vegetables at the dinner eating occasion. We also found
that those with lower diet quality had fewer occasions where
vegetable consumption (at lunch and dinner) occurred. It has
been shown in another study that preparing meals with
vegetables daily was associated with higher diet quality(30).
Increasing vegetable consumption is critical to improve overall
health in the long term(31), and, in the short term, it also improves
diet quality and energy density(32). Therefore, strategies for
increasing vegetable consumption may emphasise the dinner
meal and encourage thosewho do not eat vegetables at dinner to
try adding vegetables, while those already consuming

Table 2. Weighted mean differences in serves of food group consumption at eating occasions between Australian women with lower and higher level of diet
quality*, stratified by age group (n 4809)

n (person)

19–50 years 51–70 years 71 years and over

2512 1556 741

Diff 95% CI P Diff 95% CI P Diff 95% CI P

Breakfast (serve/s)
Fruits 0·1 −0·1, 0·2 0·471 0·2 0·0, 0·3 0·047 0·3 0·1, 0·6 0·010
Vegetables 0·6 0·1, 1·0 0·010 0·2 −0·4, 0·7 0·550 0·5 −0·3, 1·3 0·197
Dairy products 0·1 0·0, 0·2 0·051 0·1 0·0, 0·2 0·004 0·1 0·0, 0·2 0·039
Proteins 0·0 −0·1, 0·1 0·953 0·0 −0·1, 0·2 0·562 0·1 −0·1, 0·3 0·197
Grains 0·2 0·1, 0·3 0·002 0·2 0·0, 0·3 0·071 0·2 0·0, 0·4 0·064
Discret. −0·2 −0·3, 0·0 0·014 −0·2 −0·3, −0·1 <0·001 −0·1 −0·3, 0·1 0·270

Lunch (serve/s)
Fruit 0·3 0·1, 0·5 0·017 0·4 0·1, 0·6 0·005 0·2 0·0, 0·4 0·103

Vegetables 0·3 0·1, 0·5 0·001 0·7 0·2, 1·2 0·010 0·4 0·0, 0·7 0·041
Dairy products 0·1 0·0, 0·2 0·161 0·0 −0·1, 0·1 0·570 0·1 −0·1, 0·2 0·373
Proteins 0·0 −0·1, 0·1 0·832 0·1 −0·1, 0·4 0·223 0·2 0·0, 0·4 0·043
Grains 0·1 −0·1, 0·2 0·523 0·3 0·0, 0·5 0·024 0·1 −0·1, 0·3 0·174
Discret. −0·7 −0·9, −0·5 <0·001 −0·6 −0·8, −0·3 <0·001 −0·4 −0·7, −0·2 0·001

Dinner (serve/s)
Fruits 0·0 −0·2, 0·2 0·682 0·1 −0·1, 0·3 0·500 0·4 0·1, 0·7 0·004
Vegetables 1·0 0·7, 1·2 <0·001 1·0 0·7, 1·4 <0·001 0·8 0·4, 1·3 0·001
Dairy products 0·0 −0·1, 0·1 0·972 0·0 −0·1, 0·1 0·658 0·1 −0·1, 0·2 0·215
Proteins 0·2 0·0, 0·3 0·009 0·4 0·1, 0·6 0·002 0·3 0·1, 0·5 0·015
Grains 0·1 −0·2, 0·3 0·668 0·1 −0·2, 0·4 0·664 −0·3 −0·5, −0·1 0·007
Discret. −1·0 −1·3, −0·7 <0·001 −0·7 −1·0, −0·5 <0·001 −0·2 −0·6, 0·2 0·261

Snack (serve/s)
Fruits 0·4 0·3, 0·6 <0·001 0·4 0·1, 0·6 0·011 0·5 0·1, 0·8 0·004
Vegetables 0·2 −0·2, 0·5 0·319 0·2 −0·2, 0·6 0·288 0·4 −0·8, 1·7 0·489
Dairy products 0·2 0·0, 0·3 0·006 0·1 0·0, 0·3 0·078 0·1 0·0, 0·3 0·136
Proteins 0·1 0·0, 0·3 0·067 0·4 0·1, 0·6 0·005 0·3 0·1, 0·5 0·011
Grains −0·2 −0·4, 0·0 0·051 −0·1 −0·3, 0·1 0·365 0·2 −0·1, 0·6 0·198
Discret. −1·0 −1·3, −0·7 <0·001 −1·1 −1·4, −0·8 <0·001 −0·6 −1·1, −0·2 0·007

All eating occasions (serve/s)
Fruits 0·7 0·5, 0·9 <0·001 0·8 0·5, 1·1 <0·001 0·9 0·5, 1·3 <0·001
Vegetables 1·6 1·3, 1·9 <0·001 1·9 1·3, 2·4 <0·001 1·3 0·8, 1·8 <0·001
Dairy products 0·3 0·2, 0·5 <0·001 0·3 0·1, 0·4 0·006 0·2 0·0, 0·4 0·062
Proteins 0·5 0·3, 0·7 <0·001 0·7 0·4, 1·0 <0·001 0·7 0·4, 0·9 <0·001
Grains 0·4 0·1, 0·7 0·017 0·3 −0·1, 0·8 0·177 0·1 −0·3, 0·5 0·687
Discret. −2·2 −2·6, −1·9 <0·001 −2·1 −2·5, −1·7 <0·001 −1·5 −2·0, −1·0 <0·001

* Higher diet quality – the top tertile of dietary guidelines index score (0–130) which assessed adherence to the Australian Dietary Guidelines. Lower diet quality – bottom two tertiles of
the score. All results were weighted to be nationally representative of Australian population.
Dairy products – dairy product and alternatives foods.
Proteins – meat and alternatives foods.
Discret. – discretionary foods.
Bold – meaningful differences, where mean difference of food consumption (between those with high and low diet quality) are at least 0·5 serve with P-value < 0·05.
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vegetables at dinner could be encouraged to increase their
portion or serving size. Similar recommendations were imple-
mented by a study that used mobile apps to increase vegetable
consumption and found that vegetable intakes increased by half
a serving(33). In a different vein, while our results showed a
meaningful difference in vegetable consumption (for women
19–50 years old) at breakfast, indicating its potential as a valuable
dietary strategy, implementing such changes will require
significant shifts in eating habits, preferences and cooking skills.
Nevertheless, it presents a potential area for future research to
investigate the feasibility and acceptability of such strategies.

Adults who achieved higher diet quality also consistently
consumed more meat and alternatives foods at snacks. This
observation suggests that consuming meat and alternatives foods
at snacks may be another strategy for improving diet quality.
However, another study has highlighted that Australian adults
consumed little meat and alternatives foods at snack, with only
12–13% of men and women consuming foods such as cheeses,

milk and processed meat(34). Further research is warranted to
explore the specific protein sources and their nutritional
contributions during snack periods among individuals with
varying diet quality scores, as this could inform targeted dietary
interventions and recommendations. This is important as the
range of food items in this category may not always be healthy,
and intervention needs to promote non-discretionary versions.

Food consumption patterns indicate that some foods are
rarely consumed at certain eating occasions. We found little
variation in food group consumption at breakfast between those
with lower and higher diet quality. For example, most Australian
adults do not consume vegetables and meats and alternatives at
breakfast or snack time regardless of overall diet quality;
however, fruit, grains and dairy products and alternatives
foods are commonly included. This is consistent with previous
research on breakfast consumption among Australians(35).
With respect to lunch, we found that grains, meats and
alternatives and vegetables are more commonly consumed,

Table 3. Weighted mean differences in serves of food group consumption at eating occasions between Australian men with lower and higher level of diet
quality*, stratified by age group (n 4245)

n (person)

19–50 years 51–70 years 71 years and over

2380 1334 531

Diff 95% CI P Diff 95% CI P Diff 95% CI P

Breakfast (serve/s)
Fruits 0·4 0·1, 0·7 0·017 0·4 0·1, 0·7 0·005 0·6 0·0, 1·1 0·048
Vegetables 0·0 −0·5, 0·5 0·958 0·3 −0·4, 0·9 0·420 0·2 −0·5, 0·9 0·503
Dairy products 0·1 0·0, 0·2 0·011 0·3 0·2, 0·4 0·000 0·2 0·1, 0·3 0·005
Proteins −0·1 −0·3, 0·1 0·280 0·0 −0·2, 0·2 0·925 0·2 −0·2, 0·7 0·277
Grains 0·3 0·1, 0·6 0·003 0·4 0·1, 0·6 0·011 0·5 0·2, 0·8 0·001
Discret. −0·3 −0·4, −0·1 0·003 −0·4 −0·6, −0·1 0·001 −0·2 −0·4, 0·0 0·109

Lunch (serve/s)
Fruits 0·3 0·1, 0·6 0·014 0·4 0·1, 0·6 0·008 0·6 0·1, 1·1 0·022
Vegetables 0·6 0·2, 0·9 0·004 0·5 0·2, 0·9 0·004 0·5 −0·3, 1·3 0·191
Dairy products 0·1 −0·1, 0·2 0·283 0·1 0·0, 0·2 0·178 0·2 0·0, 0·5 0·041
Proteins 0·1 0·0, 0·3 0·110 0·1 −0·1, 0·3 0·524 −0·1 −0·3, 0·2 0·647
Grains −0·1 −0·3, 0·2 0·587 0·0 −0·3, 0·2 0·975 0·2 −0·1, 0·5 0·295
Discret. −1·0 −1·4, −0·7 <0·001 −0·6 −0·9, −0·3 <0·001 −0·5 −1·1, 0·0 0·066

Dinner (serve/s)
Fruits 0·4 0·2, 0·6 <0·001 0·4 0·1, 0·6 0·002 0·4 0·0, 0·8 0·071
Vegetables 0·9 0·6, 1·3 <0·001 1·2 0·8, 1·6 <0·001 1·2 0·6, 1·7 <0·001
Dairy products 0·0 −0·1, 0·2 0·471 −0·1 −0·3, 0·1 0·212 0·0 −0·1, 0·1 0·831
Proteins 0·1 −0·1, 0·3 0·333 0·2 −0·1, 0·5 0·201 0·1 −0·2, 0·4 0·377
Grains 0·2 −0·2, 0·5 0·335 0·1 −0·3, 0·4 0·679 −0·4 −0·8, 0·1 0·090
Discret. −1·3 −1·6, −0·9 0·001 −0·9 −1·4, −0·4 0·001 −0·8 −1·5, −0·2 0·010

Snack (serve/s)
Fruits 0·3 0·1, 0·6 0·016 0·7 0·3, 1·1 0·001 0·5 0·1, 0·9 0·023
Vegetables 0·2 −0·2, 0·7 0·304 −0·2 −1·0, 0·6 0·572 −0·4 −1·6, 0·8 0·475
Dairy products 0·1 0·0, 0·3 0·163 0·0 −0·2, 0·1 0·608 0·2 −0·1, 0·5 0·252
Proteins 0·5 0·2, 0·7 <0·001 0·4 0·1, 0·8 0·013 0·3 0·1, 0·6 0·016
Grains −0·1 −0·4, 0·3 0·619 0·2 −0·2, 0·5 0·369 −0·4 −0·8, −0·1 0·005
Discret. −1·9 −2·2, −1·6 <0·001 −1·3 −1·8, −0·8 <0·001 −0·5 −1·1, 0·1 0·127

Total (serve/s)
Fruits 1·0 0·7, 1·3 <0·001 1·3 1·0, 1·7 <0·001 1·1 0·6, 1·6 <0·001
Vegetables 1·5 1·1, 2·0 <0·001 1·9 1·4, 2·4 <0·001 1·6 0·9, 2·3 <0·001
Dairy products 0·4 0·2, 0·6 <0·001 0·3 0·1, 0·6 0·006 0·4 0·2, 0·7 0·003
Proteins 0·7 0·4, 1·0 <0·001 0·5 0·1, 0·8 0·008 0·3 −0·1, 0·6 0·110
Grains 0·8 0·3, 1·3 0·004 0·9 0·3, 1·4 0·005 0·2 −0·4, 0·9 0·435
Discret. −3·8 −4·2, −3·3 < 0·001 −2·9 −3·4, −2·3 <0·001 −2·0 −2·9, −1·1 <0·001

* Higher diet quality – the top tertile of dietary guidelines index score (0–130) which assessed adherence to the Australian Dietary Guidelines. Lower diet quality – bottom two tertiles of
the score. All results were weighted to be nationally representative of Australian population.
Dairy products – dairy product and alternatives foods.
Proteins – meat and alternatives foods.
Discret. – discretionary foods.
Bold – meaningful differences, where mean difference of food consumption (between those with high and low diet quality) are at least 0·5 serve with P-value < 0·05.
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while at dinner, grains, meats and alternatives and vegetables
are the most common, and for snacks, fruit, dairy product and
alternatives and discretionary foods, respectively. Certain
food groups are more favoured to certain eating occasions,
which shows how Australians consume food at mealtime,
even those on a healthier diet. The types of eating patterns that
work best for nutrition promotion messages can be derived
from knowledge of the most likely foods to be consumed. For
example, messages urging Australians to eat more vegetables
at breakfast may be more challenging to adopt as this is not
how Australians currently achieve a healthier diet. Further
research is needed to examine barriers to consuming these
foods at individual eating occasions.

Collecting a wide range of potential determinants when
eating occasions occur is important when analysing food intake.
After adjusting for age group, we found that differences
in vegetable and discretionary food consumption remained
significant at lunch, dinner and snack across all education levels.
A study in Norwegian adults also found that the food group that
was the main contributor to a meal did not change when
studying subgroups with different education levels(36). In a
recent nationwide survey of Australian young adults, it was

observed that individuals with stronger social support networks
and greater food security exhibited higher levels of diet quality(37).
These social determinants provided a more comprehensive
explanation for the disparities observed in food consumption
during eating occasions. Other barriers that further explained
the differences in diets included influences from family and
peers, expected consumption of unhealthy foods in certain
situations, presence and cost of discretionary foods(30,38). If
this contextual information was collected when consumption
occurred, it would provide a more comprehensive picture of
Australians’ eating patterns with varying diet quality.

Strengths and limitations

This study had several strengths and limitations. Strengths
included the use of a large national sample of Australian adults.
Second, all estimates of food consumption were examined by
sex and age groups reflective of the ADG and enables
comparison to other studies and ease of interpretation. Finally,
the DGI score has been evaluated as a useful measure of diet
quality in previous studies examining its association with
nutrient intake and health outcomes(19).

Table 4. Means differences* in serves of food group consumption at eating occasions between Australian women with lower and higher level of diet quality†,
stratified by education level, adjusted for age (n 4809)

n (person)

Low level of education Medium level of education High level of Education

1534 1992 1283

Diff 95% CI P Diff 95% CI P Diff 95% CI P

Breakfast (serve/s)
Fruits 0·2 0·1, 0·2 <0·001 0·2 0·1, 0·2 <0·001 0·2 0·1, 0·2 <0·001
Vegetables 0·1 0·0, 0·1 0·045 0·1 0·0, 0·1 0·045 0·1 0·0, 0·1 0·045
Dairy products 0·1 0·1, 0·2 <0·001 0·1 0·1, 0·2 <0·001 0·1 0·1, 0·2 <0·001
Proteins 0·0 −0·0, 0·1 0·067 0·0 −0·0, 0·1 0·067 0·0 −0·0, 0·1 0·067
Grains 0·2 0·1, 0·3 <0·001 0·2 0·1, 0·3 <0·001 0·2 0·1, 0·3 <0·001
Discret. −0·2 −0·2, −0·1 <0·001 −0·2 −0·2, −0·1 <0·001 −0·2 −0·2, −0·1 <0·001

Lunch (serve/s)
Fruit 0·1 0·1, 0·2 <0·001 0·1 0·1, 0·2 <0·001 0·1 0·1, 0·2 <0·001
Vegetables 0·5 0·3, 0·7 <0·001 0·5 0·3, 0·7 <0·001 0·5 0·3, 0·7 <0·001
Dairy products 0·0 −0·0, 0·1 0·884 0·0 −0·0, 0·1 0·884 0·0 −0·0, 0·1 0·884
Proteins 0·1 −0·0, 0·2 0·158 0·1 −0·0, 0·2 0·158 0·1 −0·0, 0·2 0·158
Grains 0·0 −0·1, 0·2 1·000 0·0 −0·1, 0·2 1·000 0·0 −0·1, 0·2 1·000
Discret. −0·5 −0·6, −0·4 <0·001 −0·5 −0·6, −0·4 <0·001 −0·5 −0·6, −0·4 <0·001

Dinner (serve/s)
Fruits 0·0 −0·0, 0·1 0·507 0·0 −0·0, 0·1 0·507 0·0 −0·0, 0·1 0·507
Vegetables 1·1 0·8, 1·3 <0·001 1·1 0·8, 1·3 <0·001 1·1 0·8, 1·3 <0·001
Dairy products −0·0 −0·1, 0·0 0·515 −0·0 −0·1, 0·0 0·515 −0·0 −0·1, 0·0 0·515
Proteins 0·3 0·2, 0·4 <0·001 0·3 0·2, 0·4 0·000 0·3 0·2, 0·4 <0·001
Grains −0·1 −0·3, 0·1 0·309 −0·1 −0·3, 0·1 0·309 −0·1 −0·3, 0·1 0·309
Discret. −0·8 −0·9, −0·6 <0·001 −0·8 −0·9, −0·6 <0·001 −0·8 −0·9, −0·6 <0·001

Snack (serve/s)
Fruits 0·5 0·4, 0·6 <0·001 0·5 0·4, 0·6 <0·001 0·5 0·4, 0·6 <0·001
Vegetables 0·0 −0·0, 0·1 0·609 0·0 −0·0, 0·1 0·609 0·0 −0·0, 0·1 0·609
Dairy products 0·1 0·0, 0·2 0·001 0·1 0·0, 0·2 0·001 0·1 0·0, 0·2 0·001
Proteins 0·1 0·1, 0·2 <0·001 0·1 0·1, 0·2 <0·001 0·1 0·1, 0·2 <0·001
Grains −0·1 −0·2, 0·0 0·096 −0·1 −0·2, 0·0 0·096 −0·1 −0·2, 0·0 0·096
Discret. −1·0 −1·2, −0·8 <0·001 −1·0 −1·2, −0·8 <0·001 −1·0 −1·2, −0·8 <0·001

* Difference in serves between lower and higher diet quality participants, by comparing marginal means. Bonferroni-adjusted 95% confidence interval and p value are reported.
† Higher diet quality – the top tertile of dietary guidelines index score (0–130) which assessed adherence to the Australian DietaryGuidelines. Lower diet quality – bottom two tertiles of
the score.
Dairy product – dairy product and alternatives foods.
Proteins – meat and alternatives foods.
Discret. – discretionary foods.
Bold – meaningful differences, where mean difference of food consumption (between those with high and low diet quality) are at least 0·5 serve with P-value < 0·05.
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This study has limitations, which should be acknowledged. A
potential limitation is the use of a single 24-h recall to estimate
food consumption, which involves somemeasurement error and
does not allow estimation of day-to-day variability in individual
food intakes(39). However, our analysis used the first day of
dietary recall, which was conducted across all days of the week
and all seasons of the year, which allowed us to maintain the
national representativeness of the sample and estimate average
usual intakes of population groups. The analysis did not account
for weekday-weekend variations, potentially affecting mean
differences in consumption between populations with higher
and lower diet quality. Nonetheless, when comparing food
group consumption between weekdays and weekends, strati-
fied by gender (data not shown), we observed minimal
differences. The survey was conducted between 2011 and
2012, possibly not reflecting current Australian food consump-
tion trends; nevertheless, it is the most recent available data. The
classification of meals or snacks in this study relied on participant
identification of eating occasions. Thus, the researchmust decide
how to categorise ambiguous eating occasions, such as supper,
as a meal or snack. Furthermore, all instances outside of main
meals were classified as snacks without accounting for the time
of day of the eating occasions. Considering that foods consumed

during snacks may vary by time of day(40), interpreting our
findings requires caution. Additionally, the tertile approach to
identify higher and lower diet quality was not stratified,
resulting in a higher representation of women in the higher
diet quality population. Furthermore, this analysis compared
the top tertile with the lower two tertiles, examining extreme
tertile groups (Tertile 1 v. Tertile 3) might have revealed even
more pronounced differences in eating patterns. Lastly, the
results cannot be generalised internationally since consump-
tion varies from country to country. Again, caution is needed
when interpreting the results of the survey and extrapolating
the findings to apply to the current diets of Australians or
those from other countries. Still, the methods used may
guide future studies, and results may act as a comparison to
future data.

Future research

Several future directions can be considered from this research,
including potential methodological advances concerning exam-
ining food intake at eating occasions. While this study included
education level as a potential explanation for the variations in
consumption, other variables may better explain changes in

Table 5. Means differences* in serves of food group consumption at eating occasions between Australian men with lower and higher level of diet quality†,
stratified by education level, adjusted for age (n 4245)

n (person)

Low level of education Medium level of education High level of education

1039 2198 1008

Diff 95% CI P Diff 95% CI P Diff 95% CI P

Breakfast (serve/s)
Fruits 0·4 0·2, 0·5 <0·001 0·4 0·2, 0·5 <0·001 0·4 0·2, 0·5 <0·001
Vegetables 0·1 −0·0, 0·1 0·329 0·1 −0·0, 0·1 0·329 0·1 −0·0, 0·1 0·329
Dairy products 0·2 0·1, 0·3 <0·001 0·2 0·1, 0·3 <0·001 0·2 0·1, 0·3 <0·001
Proteins 0·0 −0·1, 0·1 1·000 0·0 −0·1, 0·1 1·000 0·0 −0·1, 0·1 1·000
Grains 0·4 0·3, 0·6 <0·001 0·4 0·3, 0·6 <0·001 0·4 0·3, 0·6 <0·001
Discret. −0·3 −0·4, −0·2 <0·001 −0·3 −0·4, −0·2 <0·001 −0·3 −0·4, −0·2 <0·001

Lunch (serve/s)
Fruits 0·2 0·1, 0·3 <0·001 0·2 0·1, 0·3 <0·001 0·2 0·1, 0·3 <0·001
Vegetables 0·4 0·1, 0·7 0·001 0·4 0·1, 0·7 0·001 0·4 0·1, 0·7 0·001
Dairy products 0·1 0·0, 0·1 0·043 0·1 0·0, 0·1 0·043 0·1 0·0, 0·1 0·043
Proteins 0·1 −0·0, 0·2 0·277 0·1 −0·0, 0·2 0·277 0·1 −0·0, 0·2 0·277
Grains −0·0 −0·3, 0·2 1·000 −0·0 −0·3, 0·2 1·000 −0·0 −0·3, 0·2 1·000
Discret. −0·8 −0·9, −0·6 <0·001 −0·8 −0·9, −0·6 <0·001 −0·8 −0·9, −0·6 <0·001

Dinner (serve/s)
Fruits 0·2 0·1, 0·2 <0·001 0·2 0·1, 0·2 <0·001 0·2 0·1, 0·2 <0·001
Vegetables 1·1 0·8, 1·3 <0·001 1·1 0·8, 1·3 <0·001 1·1 0·8, 1·3 <0·001
Dairy products 0·0 −0·1, 0·1 1·000 0·0 −0·1, 0·1 1·000 0·0 −0·1, 0·1 1·000
Proteins 0·1 −0·0, 0·3 0·171 0·1 −0·0, 0·3 0·171 0·1 −0·0, 0·3 0·171
Grains −0·1 −0·3, 0·2 1·000 −0·1 −0·3, 0·2 1·000 −0·1 −0·3, 0·2 1·000
Discret. −1·2 −1·4, −0·9 <0·001 −1·2 −1·4, −0·9 <0·001 −1·2 −1·4, −0·9 <0·001

Snack (serve/s)
Fruits 0·6 0·4, 0·8 <0·001 0·6 0·4, 0·8 <0·001 0·6 0·4, 0·8 <0·001
Vegetables 0·0 −0·1, 0·1 1·000 0·0 −0·1, 0·1 1·000 0·0 −0·1, 0·1 1·000
Dairy products 0·1 −0·0, 0·2 0·081 0·1 −0·0, 0·2 0·081 0·1 −0·0, 0·2 0·081
Proteins 0·3 0·1, 0·4 <0·001 0·3 0·1, 0·4 <0·001 0·3 0·1, 0·4 <0·001
Grains −0·0 −0·2, 0·2 1·000 −0·0 −0·2, 0·2 1·000 −0·0 −0·2, 0·2 1·000
Discret. −1·5 −1·8, −1·3 <0·001 −1·5 −1·8, −1·3 <0·001 −1·5 −1·8, −1·3 <0·001

* Difference in serves between low and high diet quality participants, by comparing marginal means. Bonferroni-adjusted 95% CIl and P value are reported.
† Higher diet quality – the top tertile of dietary guidelines index score (0–130) which assessed adherence to the Australian DietaryGuidelines. Lower diet quality – bottom two tertiles of
the score.
Dairy products – dairy product and alternatives foods.
Proteins – meat and alternatives foods.
Discret. – discretionary foods.
Bold – meaningful differences, where mean difference of food consumption (between those with high and low diet quality) are at least 0·5 serve with P-value < 0·05.
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consumption at the level of eating occasion. Understanding a
broader range of determinants of food intake at eating occasions
beyond socio-demographic factors is essential(41). Contextual
factors such as the location of where consumption occurs
and the presence of others at consumption may further provide a
more comprehensive picture of dietary behaviour. Unfortunately,
these variables were not available in the national survey.
Furthermore, other socio-demographic factors available in the
National Nutrition and Physical Activity Survey, like ethnicity, were
not adequately represented, which may be a consideration for
future national surveys.

Conclusions

This study found that the intake of vegetables and discretionary
foods at lunch, dinner and snacks was meaningfully different
between adults with higher and lower diet quality. When
stratified by age and sex, adults with higher diet quality
consumed less discretionary foods at snack events and more
vegetables at dinner. After stratifying by education levels, similar
dietary patterns were observed, suggesting that other factors
may be involved in differences in intake during eating occasions
between those with higher and lower adherence to dietary
guidelines. Consequently, strategies for increasing vegetable
consumption may emphasise the dinner meal and encourage
those who do not eat vegetables at dinner to try adding them, in
addition to encouraging those already eating vegetables to
consume a larger portion. Like dinner, snacks are an important
opportunity to reduce and replace discretionary foods with fruits
and vegetables. On the other hand, contextual information
surrounding eating occasions is needed to better understand the
population’s dietary patterns and design future interventions. An
improved understanding of what drives dietary decisions during
different eating occasions is essential for promoting healthy
eating habits among different populations. Meal-specific
advice beyond demographic characteristics is may be useful
for encouraging positive and feasible dietary changes that
may lead to increased adherence to dietary guidelines.

Acknowledgements

The authors would like to express their graditude to the grants that
made this research possible. In particular, N.R.T. received funding
from the Deakin University Postgraduate Research Scholarship to
support this work (DUPR: 0 000 018 832). R.M.L. is supported by a
National Health and Medical Research Council Emerging
Leadership Fellowship (APP1175250). K.M.L. is supported by a
National Health and Medical Research Council Emerging
Leadership Fellowship (APP1173803). S.A.M. has no funding to
disclose. The funders had no role in study design, data collection
and synthesis, decision to publish and preparation of the
manuscript.

N. R. T., R. M. L. and S. A. M. were responsible for the
conception and design of the analysis. N. R. T. was responsible
for data analyses and interpretation and writing of the manu-
script. R. M. L., S. A. M. and K. M. L. were responsible for data
interpretation and editing of the draft manuscript and draft

editing. All the authors critically reviewed the manuscript and
approved the final version of the manuscript.

None of the authors has any conflict of interest to declare.

Supplementary material

For supplementary material/s referred to in this article, please
visit https://doi.org/10.1017/S0007114523002325

References

1. Afshin A, Sur PJ, Fay KA, et al. (2019) Health effects of dietary
risks in 195 countries, 1990–2017: a systematic analysis for the
global burden of disease study 2017. Lancet 393, 1958–1972.

2. Australian Institute of Health and Welfare (2021) Australian
Burden of Disease Study 2018: Interactive Data on Risk Factor
Burden 2021. https://www.aihw.gov.au/reports/burden-of-
disease/abds-2018-interactive-data-risk-factors/contents/over
weight-including-obesity (accessed December 2022).

3. Australian Institute of Health and Welfare (2022) Diet. https://
www.aihw.gov.au/reports/australias-health/diet (accessed
December 2022).

4. Australian Institute of Health and Welfare (2019) Poor Diet in
Adults. https://www.aihw.gov.au/reports/food-nutrition/poor-
diet/contents/poor-diet-in-adults (accessed December 2022).

5. Mozaffarian D, Rosenberg I & Uauy R (2018) History of modern
nutrition science—implications for current research, dietary
guidelines, and food policy. BMJ 361, k2392.

6. Maugeri A & Barchitta M (2019) A systematic review of
ecological momentary assessment of diet: implications and
perspectives for nutritional epidemiology. Nutrients 11, 2696.

7. Leech RM, Spence AC, Lacy KE, et al. (2021) Characterising
children’s eating patterns: does the choice of eating occasion
definition matter? Int J Behav Nutr Phys Act 18, 1–13.

8. Bellisle F (2014) Meals and snacking, diet quality and energy
balance. Physiol Behav 134, 38–43.

9. Shinozaki N, Murakami K, Asakura K, et al. (2020)
Identification of dish-based dietary patterns for breakfast,
lunch, and dinner and their diet quality in Japanese adults.
Nutrients 13, 67.

10. Rebuli MA, Williams G, James-Martin G, et al. (2020) Food
group intake at self-reported eating occasions across the day:
secondary analysis of the Australian National Nutrition Survey
2011–2012. Public Health Nutr 23, 3067–3080.

11. Sui Z, Raubenheimer D& Rangan A (2017) Exploratory analysis
of meal composition in Australia: meat and accompanying
foods. Public Health Nutr 20, 2157–2165.

12. Fayet-Moore F, McConnell A, Cassettari T, et al. (2019)
Discretionary intake among Australian adults: prevalence of
intake, top food groups, time of consumption and its
association with sociodemographic, lifestyle and adiposity
measures. Public Health Nutr 22, 1576–1589.

13. ABS (2013) Australian Health Survey: Users’Guide, 2011–2013.
http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/4363.
0.55.001Main%20Features12011–13?opendocument&tabname=
Summary&prodno=4363.0.55.001&issue=2011–13&num=&
view= (accessed December 2022).

14. ABS (2016) 4364.0.55.012 – Australian Health Survey:
Consumption of Food Groups from the Australian Dietary
Guidelines, 2011–2012. https://www.abs.gov.au/ausstats/
abs@.nsf/Lookup/by%20Subject/4364.0.55.012∼2011–12∼Main
%20Features∼Measuring%20the%20consumption%20of%20food
%20groups%20from%20the%20Australian%20Dietary%20Guide
lines∼10000#2 (accessed December 2022).

878 N. R. Tran et al.

https://doi.org/10.1017/S0007114523002325 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114523002325
https://www.aihw.gov.au/reports/burden-of-disease/abds-2018-interactive-data-risk-factors/contents/overweight-including-obesity
https://www.aihw.gov.au/reports/burden-of-disease/abds-2018-interactive-data-risk-factors/contents/overweight-including-obesity
https://www.aihw.gov.au/reports/burden-of-disease/abds-2018-interactive-data-risk-factors/contents/overweight-including-obesity
https://www.aihw.gov.au/reports/australias-health/diet
https://www.aihw.gov.au/reports/australias-health/diet
https://www.aihw.gov.au/reports/food-nutrition/poor-diet/contents/poor-diet-in-adults
https://www.aihw.gov.au/reports/food-nutrition/poor-diet/contents/poor-diet-in-adults
http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/4363.0.55.001Main%20Features12011-13?opendocument&tabname=Summary&prodno=4363.0.55.001&issue=2011-13&num=&view=
http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/4363.0.55.001Main%20Features12011-13?opendocument&tabname=Summary&prodno=4363.0.55.001&issue=2011-13&num=&view=
http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/4363.0.55.001Main%20Features12011-13?opendocument&tabname=Summary&prodno=4363.0.55.001&issue=2011-13&num=&view=
http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/4363.0.55.001Main%20Features12011-13?opendocument&tabname=Summary&prodno=4363.0.55.001&issue=2011-13&num=&view=
http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/4363.0.55.001Main%20Features12011-13?opendocument&tabname=Summary&prodno=4363.0.55.001&issue=2011-13&num=&view=
http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/4363.0.55.001Main%20Features12011-13?opendocument&tabname=Summary&prodno=4363.0.55.001&issue=2011-13&num=&view=
http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/4363.0.55.001Main%20Features12011-13?opendocument&tabname=Summary&prodno=4363.0.55.001&issue=2011-13&num=&view=
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4364.0.55.012%7E2011-12%7EMain%20Features%7EMeasuring%20the%20consumption%20of%20food%20groups%20from%20the%20Australian%20Dietary%20Guidelines%7E10000#2
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4364.0.55.012%7E2011-12%7EMain%20Features%7EMeasuring%20the%20consumption%20of%20food%20groups%20from%20the%20Australian%20Dietary%20Guidelines%7E10000#2
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4364.0.55.012%7E2011-12%7EMain%20Features%7EMeasuring%20the%20consumption%20of%20food%20groups%20from%20the%20Australian%20Dietary%20Guidelines%7E10000#2
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4364.0.55.012%7E2011-12%7EMain%20Features%7EMeasuring%20the%20consumption%20of%20food%20groups%20from%20the%20Australian%20Dietary%20Guidelines%7E10000#2
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4364.0.55.012%7E2011-12%7EMain%20Features%7EMeasuring%20the%20consumption%20of%20food%20groups%20from%20the%20Australian%20Dietary%20Guidelines%7E10000#2
https://doi.org/10.1017/S0007114523002325


15. FSANZ (2014) Food Consumption Data Used in Dietary
Exposure Assessments. https://www.foodstandards.gov.au/
science/exposure/Pages/foodconsumptiondatau4440.aspx
(accessed December 2022).

16. FSANZ (2021) Classification of Foods andDietary Supplements.
https://www.foodstandards.gov.au/science/monitoringnutrients/
ausnut/classificationofsupps/Pages/default.aspx (accessed
December 2022).

17. ABS (2014) Discretionary Foods. https://www.abs.gov.au/
ausstats/abs@.nsf/Lookup/BA1526F0D19FA21DCA257CD2001C
A166?opendocument (accessed December 2022).

18. McNaughton SA, Ball K, Crawford D, et al. (2008) An index of
diet and eating patterns is a valid measure of diet quality in an
Australian population. J Nutr 138, 86–93.

19. Thorpe MG, Milte CM, Crawford D, et al. (2016) A revised
Australian dietary guideline index and its association with key
sociodemographic factors, health behaviors and body mass
index in peri-retirement aged adults. Nutrients 8, 160.

20. Livingstone KM & McNaughton SA (2016) Diet quality is
associated with obesity and hypertension in Australian adults: a
cross sectional study. BMC Public Health 16, 1–10.

21. National Health and Medical Research Council (2013)
Australian Dietary Guidelines. Canberra: National Health
and Medical Research Council.

22. Graubard BI & Korn EL (1999) Predictive margins with survey
data. Biometrics 55, 652–659.

23. Shim J-S, Shim SY, Cha H-J, et al. (2022) Association between
ultra-processed food consumption and dietary intake and diet
quality in Korean adults. J Acad Nutr Diet 122, 583–594.

24. Liu J, Steele EM, Li Y, et al. (2022) Consumption of
ultraprocessed foods and diet quality among US children and
adults. Am J Prev Med 62, 252–264.

25. Marangoni F, Martini D, Scaglioni S, et al. (2019) Snacking in
nutrition and health. Int J Food Sci Nutr 70, 909–923.

26. James-Martin G, Baird DL & Hendrie GA (2021) Strategies to
reduce consumption of unhealthy foods and beverages:
scenario modeling to estimate the impact on the Australian
population’s energy and nutrient intakes. J Acad Nutr Diet 121,
1463–1483.

27. Opie RS, McNaughton SA, Crawford D, et al. (2020) How
and why does discretionary food consumption change
when we promote fruit and vegetables? Results from the
ShopSmart randomised controlled trial. Public Health Nutr 23,
124–133.

28. Prahalathan SV, Baird D, Hendrie GA, et al. (2022) Sensory
swap: modelling the impact of swapping discretionary choices
for similar tasting core foods on the energy, nutrients and
sensory properties of Australian diets. Appetite 169, 105866.

29. Grieger JA, Wycherley TP, Johnson BJ, et al. (2016) Discrete
strategies to reduce intake of discretionary food choices: a
scoping review. Int J Behav Nutr Phys Act 13, 57.

30. Sexton-Dhamu MJ, Livingstone KM, Pendergast FJ, et al. (2021)
Individual, social–environmental and physical–environmental
correlates of diet quality in young adults aged 18–30 years.
Appetite 162, 105175.

31. Wallace TC, Bailey RL, Blumberg JB, et al. (2020) Fruits,
vegetables, and health: a comprehensive narrative, umbrella
review of the science and recommendations for enhanced
public policy to improve intake. Crit Rev Food Sci Nutr 60,
2174–2211.

32. Casperson SL, Jahns L, Duke SE, et al. (2022) Incorporating the
dietary guidelines for Americans vegetable recommendations
into the diet alters dietary intake patterns of other foods and
improves diet quality in adults with overweight and obesity.
J Acad Nutr Diet 122, 1345.e1–1354.e1.

33. Hendrie GA, Hussain MS, Brindal E, et al. (2020) Impact of a
mobile phone app to increase vegetable consumption and
variety in adults: large-scale community cohort study. JMIR
mHealth uHealth 8, e14726.

34. Leech RM, Boushey CJ &McNaughton SA (2020) Food intake at
snack-eating occasions and associationswith energy intake and
adiposity: a latent variable mixture modelling approach. The
43rd annual scientific meeting of the nutrition society of
Australia. Proceedings. https://doi.org/10.3390/proceedings
2020043002

35. Quatela A, Patterson A, Callister R, et al. (2020) Breakfast
consumption habits of Australian men participating in the
“typical Aussie Bloke” study. BMC Nutr 6, 1.

36. Myhre JB, Løken EB, Wandel M, et al. (2015) Meal types as
sources for intakes of fruits, vegetables, fish and whole grains
among Norwegian adults. Public Health Nutr 18, 2011–2021.

37. Baldwin JN, Haslam RL, Clarke E, et al. (2022) Eating behaviors
and diet quality: a national survey of Australian young adults.
J Nutr Educ Behav 54, 397–405.

38. Munt A, Partridge S & Allman-Farinelli M (2017) The barriers
and enablers of healthy eating among young adults: a missing
piece of the obesity puzzle: a scoping review. Obes Rev 18,
1–17.

39. Gibson RS (2005) Principles of Nutritional Assessment. New
York: Oxford University Press.

40. Enriquez JP & Gollub E (2023) Snacking consumption among
adults in the United States: a scoping review. Nutrients 15,
1596.

41. Sleddens EF, Kroeze W, Kohl LF, et al. (2015) Correlates of
dietary behavior in adults: an umbrella review. Nutr Rev 73,
477–499.

Intakes at eating occasions by diet quality 879

https://doi.org/10.1017/S0007114523002325 Published online by Cam
bridge U

niversity Press

https://www.foodstandards.gov.au/science/exposure/Pages/foodconsumptiondatau4440.aspx
https://www.foodstandards.gov.au/science/exposure/Pages/foodconsumptiondatau4440.aspx
https://www.foodstandards.gov.au/science/monitoringnutrients/ausnut/classificationofsupps/Pages/default.aspx
https://www.foodstandards.gov.au/science/monitoringnutrients/ausnut/classificationofsupps/Pages/default.aspx
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/BA1526F0D19FA21DCA257CD2001CA166?opendocument
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/BA1526F0D19FA21DCA257CD2001CA166?opendocument
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/BA1526F0D19FA21DCA257CD2001CA166?opendocument
https://doi.org/10.3390/proceedings2020043002
https://doi.org/10.3390/proceedings2020043002
https://doi.org/10.1017/S0007114523002325

	Achieving high diet quality at eating occasions: findings from a nationally representative study of Australian adults
	Methods
	Participants and procedures

	Measures
	Dietary intake assessment and classification of food groups
	Diet quality
	Categorisation of eating occasions
	Socio-demographic characteristics
	Statistical analysis

	Results
	Sample characteristics
	Consumers and non-consumers at eating occasions
	Differences in consumption stratified by age group
	Differences in consumption stratified by education level

	Discussion
	Strengths and limitations
	Future research
	Conclusions

	Acknowledgements
	Supplementary material
	References


