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Abstract

Background: Increasing inequalities in rates of obesity and chronic disease may be partly fuelled by increasing dietary
inequalities, however very few nationally representative analyses of socioeconomic trends in dietary inequalities exist.
The release of the 2011–13 Australian National Nutrition and Physical Activity Survey data allows investigation of
change in dietary intake according to socioeconomic position (SEP) in Australia using a large, nationally representative
sample, compared to the previous national survey in 1995. This study examined change in dietary intakes of energy,
macronutrients, fiber, fruits and vegetables among Australian adults between 1995 and 2011–13, according to SEP.

Methods: Cross-sectional data were obtained from the 1995 National Nutrition Survey, and the 2011–13 National
Nutrition and Physical Activity Survey. Dietary intake data were collected via a 24-h dietary recall (n = 17,484 adults)
and a dietary questionnaire (n = 15,287 adults). SEP was assessed according to educational level, equivalized household
income, and area-level disadvantage. Survey-weighted linear and logistic regression models, adjusted for age, sex/
gender and smoking status, examined change in dietary intakes over time.

Results: Dietary intakes remained poor across the SEP spectrum in both surveys, as evidenced by high consumption of
saturated fat and total sugars, and low fiber, fruit and vegetable intakes. There was consistent evidence (i.e. according to
≥2 SEP measures) of more favorable changes in dietary intakes of carbohydrate, polyunsaturated and monounsaturated
fat in higher, relative to lower SEP groups, particularly in women. Intakes of energy, total fat, saturated fat and fruit differed
over time according to a single SEP measure (i.e. educational level, household income, or area-level disadvantage). There
were no changes in intake of total sugars, protein, fiber or vegetables according to any SEP measures.

Conclusions: There were few changes in dietary intakes of energy, most macronutrients, fiber, fruits and vegetables in
Australian adults between 1995 and 2011–13 according to SEP. For carbohydrate, polyunsaturated and monounsaturated
fat, more favorable changes in intakes occurred in higher SEP groups. Despite the persistence of suboptimal dietary
intakes, limited evidence of widening dietary inequalities is positive from a public health perspective.

Trial registration: Clinical trials registration: ACTRN12617001045303.
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Background
Health inequalities are systematic differences in health
among societal groups [1]. These differences in health are
largely the consequence of social systems that differentially
distribute material and social resources according to factors
such as income, education, wealth and power, leading to so-
cial stratification [2]. In Australia [3, 4] and other developed
nations [5–9], socioeconomically disadvantaged individuals
have higher rates of obesity and chronic disease compared
to their more advantaged counterparts. Although initiatives
to reduce inequalities are underway worldwide [10], socio-
economic differences in obesity and health nevertheless
persist and are widening in some cases [7, 11].
Increasing inequalities in rates of obesity and chronic

disease may be partly fuelled by increasing dietary in-
equalities [12–14]. Examining socioeconomic trends in
dietary intake might therefore reveal important targets
for intervention that can guide public health policy. Re-
cent analyses suggest that socioeconomic gradients in
diet quality and in intakes of some foods and nutrients
widened between 1999 and 2012 in the US [15–17]. For
instance, Rehm et al. [15] found that although overall
diet quality (American Heart Association diet score) im-
proved between 1999 and 2012 in the US population,
improvements were smaller for those with lower family
incomes and lower educational attainment. Wang et al.
[16] reported similarly (Alternate Healthy Eating Index
Score), finding that the gap in diet quality between low
and high socioeconomic status (a composite variable
based on education and income level) adults in the US
widened from 3.9 points in 1999 to 7.8 points in 2010.
Comparable, recent, analyses have not been conducted
in other nations, however. Such analyses are essential to
understand how dietary inequalities have evolved over
time within political, socioeconomic and dietary contexts
that differ from those in the US, and can yield important
insights with implications for policies intended to miti-
gate socioeconomic inequalities.
Dietary inequalities can be characterized at various

levels, from the level of nutrients and moving upwards to
consider foods, food groups, eating occasions, and dietary
patterns. Quantifying change in inequalities at each of
these levels is important, as associations between diet and
health are underpinned by interactions among dietary
components. The health impacts of dietary patterns, for
instance, are mediated by their constituent foods, which
are themselves comprised of macro and micronutrients
with important physiological functions [18].
In Australia, the release of the 2011–13 National Nutri-

tion and Physical Activity Survey (NNPAS) data have, for
the first time, presented an opportunity to investigate
change in dietary intake in adults according to socioeco-
nomic position (SEP) using a large, nationally representative
sample, compared to the previous national survey in 1995.

These data provide a key opportunity to understand how
dietary inequalities evolved over time within the Australian
political, socioeconomic and dietary context. Therefore, the
purpose of this study was to examine change in dietary in-
equalities in intakes of energy, macronutrients, fiber, fruits
and vegetables among Australian adults between 1995 and
2011–13.

Methods
Survey design and sampling
Data for these analyses were provided by Australian adults
(19–85 years) who participated in the 1995 National Nu-
trition Survey (NNS) [19], and adults who participated in
the 2011–13 NNPAS [20]. These nationally representative,
cross-sectional surveys were conducted using stratified
multistage area-based sampling procedures of private
dwellings in rural and urban locations in all Australian
states and territories. The surveys were conducted under
the authority of the Census and Statistics Act of 1905 and
the procedures followed were in accordance with the
Helsinki Declaration of 1975 as revised in 1983.
Participants in the 1995 NNS were a subsample of

adults (n = 10,851; 61% response rate) who participated
in the 1995 Australian National Health Survey. NNS
participants completed an in-person 24-h dietary recall
and provided information on a range of health behaviors
and sociodemographic variables in a written question-
naire. Individuals who completed a dietary recall were
also asked to complete a written dietary questionnaire
with questions on usual fruit and vegetable intake, of
whom 8332 did so (77% response rate). In 2011–13,
9341 adults participated in the NNPAS (77% response
rate). Participants in the NNPAS completed a 24-h diet-
ary recall, a brief dietary questionnaire with questions on
usual fruit and vegetable intake, and provided informa-
tion on a range of health behaviors and sociodemo-
graphic variables during in-person interviews.
Individuals were excluded if they were pregnant or

breastfeeding, or were missing information on household
income or neighborhood of residence. After excluding
those who reported zero energy intake, the final sample
for analysis of data from 24-h dietary recalls was 9277 in
1995 (4498 men and 4779 women), and 8207 in 2011–
13 (3897 men and 4310 women) (Additional file 1).
After excluding those who did not provide information
on fruit and/or vegetable intakes, the final sample for
analysis of change in fruit and vegetable intakes was
7078 individuals in 1995 (3346 men and 3732 women),
and 8209 individuals in 2011–13 (3898 men and 4311
women) (Additional file 2).

Dietary intake assessment
The current examination of dietary change spanned two
levels of the nutritional hierarchy: nutrients and foods,
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as methodologic changes between surveys precluded
analyses at other levels.

24-h dietary recall
In 1995, dietary data were collected via an in-person
three-stage multiple pass 24-h food recall with a trained
dietitian (methods adapted from USDA [21]). In 2011–
13, dietary data were collected via a computer-assisted
in-person five-stage multiple pass 24-h food recall with
trained interviewers from the Australian Bureau of Sta-
tistics (methods adapted from USDA [22]) The current
study uses data from a single 24-h dietary recall, con-
ducted on all days of the week, and during all seasons of
the year.
Foods and beverages consumed were converted to nu-

trient intakes using databases prepared by the Australia
New Zealand Food Authority (1995) [19] and Food Stan-
dards Australia New Zealand (2011–13) [23]. Intakes of
energy (kJ) and of the following nutrients were consid-
ered: protein (% of energy (%E)), carbohydrate (%E), total
sugars (%E), total fat (%E), saturated fat (SFA; %E), poly-
unsaturated fat (PUFA; %E), monounsaturated fat
(MUFA; %E), and fiber (g/1000 kJ). In 1995, energy con-
tributed by dietary fiber was not considered in the nutri-
ent values provided by the Australian Bureau of
Statistics. For comparability with the 2011–13 data, total
energy intake, macronutrient intakes as a proportion of
energy, and fiber density were re-calculated assuming
that fiber contributed 8 kJ of energy per gram, which
was the value used in 2011–13. Due to differences in the
manner in which the contents of mixed dishes reported
in 24-h recalls were disaggregated between surveys, data
from 24-h recalls could not be used to examine change
in intakes of particular foods or food groups over time.

Brief dietary questionnaire
In 1995, participants completed a self-administered,
written dietary questionnaire in which they reported the
number of daily serves of fruits and vegetables usually
consumed in the past 12 months, with response options
of: ≤ 1, 2–3, 4–5, ≥ 6 serves/d, or I don’t eat. These
questions have been shown to provide valid estimates of
fruit and vegetable intake [24, 25]. In 2011–13, partici-
pants reported the number of daily serves of fruits and
vegetables they normally consumed to a trained inter-
viewer, with response options of: 1, 2, 3, 4, 5, ≥ 6 serves/
d, or I don’t eat. The 2011–13 questions were based on
those used in 1995, and additionally specified that par-
ticipants should include potatoes, but not fruit/vegetable
juice, in their estimates. Usual daily fruit and vegetable
consumption were dichotomized into ≥ 2 serves/d and ≥
4 serves/d, respectively, as the response options in 1995
did not allow us to distinguish between those consuming
4 or 5 serves daily. These values were chosen to most

closely resemble recommendations in the Australian
Dietary Guidelines, which recommend consumption of
at least 2 daily serves of fruit and at least 5 daily serves
of vegetables [26].

Socioeconomic position
We examined change according to three measures of
SEP that have been associated with dietary intake in the
literature [27–29], in previous analyses of the 1995 NNS
[30–32] and 2011–13 NNPAS [33] and were comparable
across the two surveys: educational level, household in-
come, and area-level disadvantage.

Education
Educational level in both surveys was based on whether
participants had completed secondary school (yes, no)
and their highest post-school qualification (1995: 29 pre-
coded response options across three questions; 2011–13:
open-ended responses). Responses were categorized as
low (less than secondary), medium (secondary/trade/dip-
loma), or high (tertiary).

Income
Individuals reported total weekly gross household in-
come in both surveys. Differences in household types
and compositions, and their requirements relative to in-
come, were taken into account by calculating household
income equivalence scales [34], which were expressed as
deciles of gross equivalized household income. Deciles
were subsequently combined into three income groups
categorized as low (decile 1–3), medium (decile 4–7), or
high (decile 8–10).

Area-level disadvantage
The Australian Bureau of Statistics’ Socio-Economic
Index for Areas (SEIFA) classifies areas according to
relative levels of socioeconomic deprivation using vari-
ables collected in the Australian census [35]. The SEIFA
Index of Relative Socio-Economic Disadvantage is di-
vided into quintiles ordered from most (quintile 1) to
least disadvantaged (quintile 5). Higher quintiles are in-
dicative of areas with lower levels of disadvantage, such
as where fewer individuals have low incomes, low educa-
tional attainment, or work in unskilled occupations. In-
dividuals were assigned to quintiles based on their area
of residence in both surveys.

Potential confounders
Age (continuous) and smoking status (current, former,
never) were considered as potential confounders. Sex/
gender was included as a potential confounder in overall
analyses, and was used as a stratifying variable in sex/
gender-specific analyses. Although the survey asked par-
ticipants to report sex using a single question with
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binary response categories (male or female), the bio-
logical factor of sex cannot be analytically disentangled
from the social construct of gender. This is particularly
the case for the current analyses, as dietary intake and
vulnerability to socioeconomic disadvantage are func-
tions of both biological (sex) and behavioral (gender) at-
tributes. Our analyses therefore capture the joint effects
of sex and gender, but our interpretations focus on the
effects of gendered social roles and behaviors, rather
than biological differences associated with sex.

Energy intake underreporting
The probability of underreporting, defined as a ratio of
reported energy intake to basal metabolic rate of < 1.2
[36–39], did not differ over time according to SEP in
our data set (n = 16,390, as 1094 participants were miss-
ing BMI which is required to estimate basal metabolic
rate). Therefore, given that our aim was to estimate
change in dietary inequalities over time rather than ab-
solute intakes at a particular point in time, and in keep-
ing with previous analyses [15], no adjustment was made
for energy intake misreporting. This also allowed us to
retain participants with missing BMI data in the analysis,
thereby reducing possible selection bias.

Statistical analyses
Descriptive statistics for nutrient intakes are presented as
weighted means and proportions with 95% CI. Linear
regression models (Wald test of association) examined
change in dietary intakes of energy, protein, carbohydrate,
total sugars, fat, fat subtypes and fiber (continuous
outcomes) according to three categorical measures of SEP
exposures (education level, household income, area-level
disadvantage) between 1995 and 2011–13 (n = 17,484).
Logistic regression (Wald test of association) examined
change in the probability of meeting fruit intake recom-
mendations (≥ 2 serves/d), or consuming ≥ 4 serves/d of
vegetables between 1995 and 2011–13 (n = 15,287), also ac-
cording to the three categorical measures of SEP. Person-
specific weights, adjusted for probability of selection and
non-response, were used to ensure estimates were repre-
sentative of the Australian population. Overall models ad-
justed for age (continuous), sex/gender (binary), and
smoking (categorical). Sex/gender-stratified models were
adjusted for age and smoking. To assess whether the associ-
ation of SEP with dietary intake differed over time, all
models included a categorical interaction term for SEP by
time. If the results of the overall F test were statistically
significant at the p < 0.05 level, pairwise comparisons were
performed to examine change in intakes over time accord-
ing to SEP level.
Although a large number of tests were conducted, they

were all pre-planned based on prior evidence of associa-
tions [15, 27]. Adjustments for multiple comparisons

can reduce the likelihood of Type 1 errors, however they
do so at the expense of increasing the likelihood of Type
2 errors [40]. Given that our data represent real dietary
intake data, many of which have been associated with
SEP in previous studies [15, 27], it would be wrong to
assume that Type 1 errors were of greater concern than
Type 2 errors [40]. Therefore in keeping with similar
studies [15], data were not adjusted for multiple compar-
isons. Results were, however, interpreted cautiously con-
sidering p-values, theoretical plausibility and effect sizes.
Moreover, we focussed our discussion on changes in
dietary intakes for which evidence of change was stron-
gest (i.e. changes observed for multiple SEP measures),
and avoided discussing non-significant trends. Survey-
weighted, adjusted means and 95% CI are presented,
using the post-hoc margins command in Stata. P < 0.05
was considered a statistically significant finding for all
analyses. Analyses were conducted in Stata (version 13.0;
Stata Corp, TX, USA).

Results
Descriptive characteristics
Survey-weighted sociodemographic characteristics and diet-
ary intakes of participants in 1995 and 2011–13 are pre-
sented in Table 1. Both samples were nearly evenly
distributed according to sex/gender, however the mean age
in 2011–13 was higher at 47.3 years (95% CI: 46.8, 47.8),
compared to 44.3 years (95% CI: 43.8, 44.8) in 1995. Educa-
tional level increased over time, while smoking declined.
Reported energy intake was lower in 2011–13 (8737 kJ/d,
95% CI: 8629–8844 KJ/d) compared to 1995 (9444 kJ/d,
95% CI: 9338–9550 kJ/d).

Change in dietary intakes according to socioeconomic
position between 1995 and 2011–13
Educational level
Dietary intakes of energy, carbohydrate, MUFA, and
PUFA varied over time by educational level (Table 2). En-
ergy intake among individuals with a low level of educa-
tion declined by 419 kJ/d between 1995 and 2011–13 (p <
0.001), whereas the reduction among those with a middle
and high educational level was more than double at
880 kJ/d and 870 kJ/d, respectively (p < 0.001). The pro-
portion of energy from carbohydrate did not change
among those with a low level of education, compared to
declines of 2.2%E and 2.1%E among medium and high
education groups (p < 0.001), respectively. Intake of
MUFA did not change over time in the low or high educa-
tion groups, whereas it increased by 0.4%E in the middle
education group (p = 0.001). Conversely, PUFA intakes de-
clined by 0.4%E in the low education group (p < 0.001),
but remained unchanged in the middle and high educa-
tion groups. There were no changes over time according

Olstad et al. International Journal of Behavioral Nutrition and Physical Activity  (2018) 15:30 Page 4 of 19



Ta
b
le

1
Pa
rt
ic
ip
an
t
ch
ar
ac
te
ris
tic
s
an
d
di
et
ar
y
in
ta
ke

in
th
e
19
95

N
at
io
na
lN

ut
rit
io
n
Su
rv
ey

an
d
th
e
20
11
–1
3
N
at
io
na
lN

ut
rit
io
n
an
d
Ph

ys
ic
al
A
ct
iv
ity

Su
rv
ey

Va
ria
bl
es

19
95

N
at
io
na
lN

ut
rit
io
n
Su
rv
ey

20
11
–1
3
N
at
io
na
lN

ut
rit
io
n
an
d
Ph

ys
ic
al
A
ct
iv
ity

Su
rv
ey

M
en

W
om

en
O
ve
ra
ll

M
en

W
om

en
O
ve
ra
ll

n
=
44
98

n
=
47
79

n
=
92
77

n
=
38
97

n
=
43
10

n
=
82
07

Se
x/
ge

nd
er

a
44
98

(5
0.
9)

[4
9.
8,
51
.9
]

47
79

(4
9.
2)

[4
8.
1,
50
.2
]

38
97

(5
1.
7)

[5
0.
2,
53
.1
]

43
10

(4
8.
3)

[4
6.
9,
49
.8
]

A
ge

b
43
.2
[4
2.
6,
43
.8
]

45
.4
[4
4.
8,
46
.0
]

44
.3
[4
3.
8,
44
.8
]

46
.7
[4
6.
0,
47
.4
]

47
.9
[4
7.
2,
48
.6
]

47
.3
[4
6.
8,
47
.8
]

Eq
ui
va
liz
ed

w
ee
kl
y
ho

us
eh

ol
d
in
co
m
ea

Lo
w

(d
ec
ile

1–
3)

11
15

(2
4.
9)

[2
3.
4,
26
.5
]

14
92

(3
1.
5)

[2
9.
9,
33
.1
]

26
07

(2
8.
1)

[2
6.
9,
29
.4
]

10
14

(2
4.
5)

[2
2.
8,
26
.3
]

15
20

(3
1.
5)

[2
9.
7,
33
.3
]

25
34

(2
7.
9)

[2
6.
6,
29
.2
]

M
ed

iu
m

(d
ec
ile

4–
7)

17
31

(3
8.
2)

[3
6.
5,
40
.0
]

17
93

(3
7.
7)

[3
6.
1,
39
.4
]

35
24

(3
8.
0)

[3
6.
6,
39
.3
]

14
84

(4
1.
1)

[3
9.
1,
43
.2
]

16
26

(4
0.
0)

[3
8.
0,
42
.0
]

31
10

(4
0.
6)

[3
9.
2,
42
.0
]

H
ig
h
(d
ec
ile

8–
10
)

16
52

(3
6.
9)

[3
5.
2,
38
.6
]

14
94

(3
0.
9)

[2
9.
3,
32
.4
]

31
46

(3
3.
9)

[3
2.
6,
35
.3
]

13
99

(3
4.
3)

[3
2.
4,
36
.4
]

11
64

(2
8.
5)

[2
6.
7,
30
.4
]

25
63

(3
1.
5)

[3
0.
2,
32
.9
]

Ed
uc
at
io
na
ll
ev
el
a

Lo
w

(le
ss

th
an

se
co
nd

ar
y)

21
72

(4
5.
9)

[4
4.
2,
47
.7
]

27
03

(5
5.
0)

[5
3.
2,
56
.7
]

48
75

(5
0.
4)

[4
9.
1,
51
.7
]

93
6
(2
2.
4)

[2
0.
7,
24
.1
]

13
59

(2
9.
0)

[2
7.
3,
30
.8
]

22
95

(2
5.
6)

[2
4.
4,
26
.9
]

M
ed

iu
m

(s
ec
on

da
ry
/d
ip
lo
m
a/
tr
ad
e)

20
01

(4
6.
1)

[4
4.
3,
47
.9
]

17
84

(3
9.
4)

[3
7.
7,
41
.1
]

37
85

(4
2.
8)

[4
1.
5,
44
.1
]

20
17

(5
4.
1)

[5
2.
0,
56
.2
]

17
74

(4
3.
3)

[4
1.
3,
45
.4
]

37
91

(4
8.
9)

[4
7.
4,
50
.4
]

H
ig
h
(t
er
tia
ry
)

32
5
(8
.0
)
[7
.0
,9
.1
]

29
2
(5
.7
)
[5
.0
,6
.5
]

61
7
(6
.8
)[
6.
2,
7.
6]

94
4
(2
3.
5)

[2
1.
8,
25
.3
]

11
77

(2
7.
7)

[2
5.
9,
29
.5
]

21
21

(2
5.
5)

[2
4.
3,
26
.8
]

A
re
a-
le
ve
ld

is
ad
va
nt
ag
ea

1s
t
qu

in
til
e
(m

os
t
di
sa
dv
an
ta
ge

d)
82
9
(1
7.
7)

[1
6.
3,
19
.1
]

94
9
(1
9.
3)

[1
8.
0,
20
.7
]

17
78

(1
8.
5)

[1
7.
4,
19
.6
]

71
7
(1
8.
3)

[1
6.
7,
20
.0
]

86
5
(1
9.
1)

[1
7.
5,
20
.7
]

15
82

(1
8.
7)

[1
7.
6,
19
.8
]

2n
d
qu

in
til
e

86
3
(1
8.
8)

[1
7.
5,
20
.3
]

92
4
(1
9.
3)

[1
7.
9,
20
.7
]

17
87

(1
9.
1)

[1
7.
9,
20
.3
]

81
9
(2
1.
0)

[1
9.
4,
22
.8
]

90
0
(2
0.
0)

[1
8.
4,
21
.6
]

17
19

(2
0.
5)

[1
9.
4,
21
.7
]

3r
d
qu

in
til
e

88
1
(1
7.
8)

[1
6.
4,
19
.2
]

92
9
(1
8.
1)

[1
6.
8,
19
.5
]

18
10

(1
8.
0)

[1
6.
9,
19
.1
]

77
9
(2
0.
7)

[1
9.
1,
22
.5
]

85
4
(2
1.
0)

[1
9.
4,
22
.7
]

16
33

(2
0.
9)

[1
9.
7,
22
.1
]

4t
h
qu

in
til
e

94
3
(2
1.
4)

[1
9.
9,
23
.0
]

10
10

(2
1.
0)

[1
9.
7,
22
.5
]

19
53

(2
1.
2)

[2
0.
0,
22
.5
]

71
9
(1
9.
6)

[1
8.
0,
21
.4
]

73
4
(1
8.
2)

[1
6.
6,
19
.8
]

14
53

(1
8.
9)

[1
7.
8,
20
.1
]

5t
h
qu

in
til
e
(le
as
t
di
sa
dv
an
ta
ge

d)
98
2
(2
4.
3)

[2
2.
7,
26
.1
]

96
7
(2
2.
2)

[2
0.
7,
23
.8
]

19
49

(2
3.
3)

[2
2.
0,
24
.7
]

86
3
(2
0.
3)

[1
8.
7,
22
.1
]

95
7
(2
1.
8)

[2
0.
2,
23
.6
]

18
20

(2
1.
1)

[1
9.
9,
22
.3
]

Sm
ok
in
ga

N
ev
er

17
10

(3
9.
8)

[3
8.
1,
41
.6
]

26
27

(5
6.
3)

[5
4.
6,
58
.0
]

43
37

(4
7.
9)

[4
6.
6,
49
.2
]

15
70

(4
3.
8)

[4
1.
7,
45
.9
]

23
42

(5
7.
1)

[5
5.
1,
59
.1
]

39
12

(5
0.
2)

[4
8.
8,
51
.7
]

Fo
rm

er
15
64

(3
1.
7)

[3
0.
1,
33
.3
]

10
68

(2
0.
9)

[1
9.
6,
22
.2
]

26
32

(2
6.
4)

[2
5.
3,
27
.5
]

14
89

(3
6.
3)

[3
4.
3,
38
.3
]

12
27

(2
7.
4)

[2
5.
7,
29
.2
]

27
16

(3
2.
0)

[3
0.
7,
33
.4
]

C
ur
re
nt

12
24

(2
8.
5)

[2
6.
8,
30
.2
]

10
84

(2
2.
8)

[2
1.
4,
24
.3
]

23
08

(2
5.
7)

[2
4.
5,
26
.9
]

83
8
(1
9.
9)

[1
8.
3,
21
.6
]

74
1
(1
5.
4)

[1
4.
1,
16
.9
]

15
79

(1
7.
8)

[1
6.
7,
18
.9
]

En
er
gy

(k
J)
b

11
,2
72

[1
1,
11
8,
11
,4
27
]

75
53

[7
45
2,
76
53
]

94
44

[9
33
8,
95
50
]

99
88

[9
83
0,
10
,1
47
]

73
98

[7
28
1,
75
16
]

87
37

[8
62
9,
88
44
]

C
ar
bo

hy
dr
at
e
(%
E)
b
,c

44
.4
[4
4.
0,
44
.7
]

46
.1
[4
5.
8,
46
.4
]

45
.2
[4
5.
0,
45
.5
]

43
.3
[4
2.
8,
43
.7
]

43
.5
[4
3.
0,
43
.9
]

43
.4
[4
3.
1,
43
.7
]

To
ta
ls
ug

ar
s
(%
E)
b
,c

19
.1
[1
8.
8,
19
.4
]

20
.4
[2
0.
1,
20
.7
]

19
.8
[1
9.
5,
20
.0
]

18
.6
[1
8.
2,
18
.9
]

19
.8
[1
9.
4,
20
.2
]

19
.2
[1
8.
9,
19
.4
]

Pr
ot
ei
n
(%
E)
b
,c

16
.7
[1
6.
5,
16
.8
]

16
.8
[1
6.
6,
17
.0
]

16
.7
[1
6.
6,
16
.9
]

18
.2
[1
7.
9,
18
.4
]

18
.5
[1
8.
3,
18
.8
]

18
.4
[1
8.
2,
18
.5
]

Fa
t
(%
E)
b
,c

31
.8
[3
1.
5,
32
.1
]

31
.7
[3
1.
4,
32
.0
]

31
.8
[3
1.
5,
32
.0
]

30
.5
[3
0.
1,
30
.9
]

31
.2
[3
0.
8,
31
.5
]

30
.8
[3
0.
6,
31
.1
]

SF
A
(%
E)
b
,c

12
.5
[1
2.
4,
12
.7
]

12
.4
[1
2.
2,
12
.5
]

12
.4
[1
2.
3,
12
.6
]

11
.5
[1
1.
3,
11
.7
]

11
.5
[1
1.
3,
11
.7
]

11
.5
[1
1.
4,
11
.6
]

M
U
FA

(%
E)
b
,c

11
.7
[1
1.
6,
11
.8
]

11
.4
[1
1.
3,
11
.5
]

11
.5
[1
1.
4,
11
.6
]

11
.7
[1
1.
5,
11
.9
]

11
.9
[1
1.
7,
12
.0
]

11
.8
[1
1.
7,
11
.9
]

PU
FA

(%
E)
b
,c

4.
8
[4
.7
,4
.8
]

4.
9
[4
.9
,5
.0
]

4.
9
[4
.8
,4
.9
]

4.
7
[4
.6
,4
.8
]

5.
0
[4
.9
,5
.1
]

4.
8
[4
.7
,4
.9
]

Olstad et al. International Journal of Behavioral Nutrition and Physical Activity  (2018) 15:30 Page 5 of 19



Ta
b
le

1
Pa
rt
ic
ip
an
t
ch
ar
ac
te
ris
tic
s
an
d
di
et
ar
y
in
ta
ke

in
th
e
19
95

N
at
io
na
lN

ut
rit
io
n
Su
rv
ey

an
d
th
e
20
11
–1
3
N
at
io
na
lN

ut
rit
io
n
an
d
Ph

ys
ic
al
A
ct
iv
ity

Su
rv
ey

(C
on

tin
ue
d)

Va
ria
bl
es

19
95

N
at
io
na
lN

ut
rit
io
n
Su
rv
ey

20
11
–1
3
N
at
io
na
lN

ut
rit
io
n
an
d
Ph

ys
ic
al
A
ct
iv
ity

Su
rv
ey

M
en

W
om

en
O
ve
ra
ll

M
en

W
om

en
O
ve
ra
ll

Fi
be

r
de

ns
ity

(g
/1
00
0
kJ
)b

1.
91

[1
.8
8,
1.
94
]

2.
25

[2
.2
2,
2.
28
]

2.
08

[2
.0
5,
2.
10
]

2.
62

[2
.5
7,
2.
67
]

2.
95

[2
.8
9,
3.
01
]

2.
78

[2
.7
4,
2.
82
]

n
=
33
46

n
=
37
32

n
=
70
78

n
=
38
98

n
=
43
11

n
=
82
09

Fr
ui
t
(≥

2
se
rv
es
/d
)a

15
78

(4
5.
9)

[4
3.
8,
48
.0
]

20
13

(5
4.
6)

[5
2.
6,
56
.6
]

35
91

(5
0.
2)

[4
8.
7,
51
.7
]

16
41

(4
2.
3)

[4
0.
3,
44
.4
]

23
31

(5
4.
2)

[5
2.
2,
56
.2
]

39
72

(4
8.
1)

[4
6.
6,
49
.5
]

Ve
ge

ta
bl
es

(≥
4
se
rv
es
/d
)a

57
2
(1
5.
4)

[1
4.
0,
16
.9
]

82
3
(2
1.
9)

[2
0.
3,
23
.6
]

13
95

(1
8.
6)

[1
7.
5,
19
.8
]

62
7
(1
6.
5)

[1
5.
0,
18
.1
]

95
6
(2
1.
6)

[2
0.
0,
23
.3
]

15
83

(1
9.
0)

[1
7.
8,
20
.1
]

a V
al
ue

s
re
pr
es
en

t
n,

w
ei
gh

te
d
pr
op

or
tio

ns
an

d
95

%
C
I,
n
(%

)
[9
5%

C
I]

b
Va

lu
es

re
pr
es
en

t
w
ei
gh

te
d
m
ea
ns

an
d
95

%
C
I,
m
ea
n
[9
5%

C
I]

c %
E:
pr
op

or
tio

n
of

en
er
gy

in
ta
ke

Olstad et al. International Journal of Behavioral Nutrition and Physical Activity  (2018) 15:30 Page 6 of 19



Ta
b
le

2
D
ie
ta
ry

in
ta
ke

ac
co
rd
in
g
to

le
ve
lo

f
ed

uc
at
io
n
in

A
us
tr
al
ia
n
ad
ul
ts
in

th
e
19
95

N
at
io
na
lN

ut
rit
io
n
Su
rv
ey

an
d
th
e
20
11
–1
3
N
at
io
na
lN

ut
rit
io
n
an
d
Ph

ys
ic
al
A
ct
iv
ity

Su
rv
ey

a

O
VE
RA

LL
,m

ea
n
[9
5%

C
I]

Lo
w

ed
uc
at
io
n

M
ed

iu
m

ed
uc
at
io
n

H
ig
h
ed

uc
at
io
n

19
95

n
=
48
75

20
11
–1
3

n
=
22
95

19
95

n
=
37
85

20
11
–1
3

n
=
37
91

19
95

n
=
61
7

20
11
–1
3

n
=
21
21

p
in
te
ra
ct
io
n
SE
P*
Ti
m
e

En
er
gy

(k
J)

91
95

[9
06
3,
93
27
]

87
76

[8
57
9,
89
74
]*
**

95
49

[9
39
7,
97
00
]

86
69

[8
52
5,
88
13
]*
**

98
61

[9
48
8,
10
,2
35
]

89
91

[8
79
0,
91
93
]*
**

0.
00

7

C
ar
bo

hy
dr
at
e
(%
E)

45
.1
[4
4.
8,
45
.5
]

44
.5
[4
3.
9,
45
.2
]

45
.4
[4
5.
0,
45
.8
]

43
.2
[4
2.
7,
43
.7
]*
**

44
.6
[4
3.
6,
45
.6
]

42
.5
[4
1.
9,
43
.2
]*
**

0.
00

1

To
ta
ls
ug

ar
s
(%
E)

19
.9
[1
9.
5,
20
.2
]

20
.0
[1
9.
4,
20
.5
]

19
.7
[1
9.
4,
20
.1
]

19
.2
[1
8.
9,
19
.6
]

18
.8
[1
7.
9,
19
.7
]

18
.3
[1
7.
8,
18
.8
]

0.
34

Pr
ot
ei
n
(%
E)

16
.9
[1
6.
8,
17
.1
]

18
.3
[1
7.
9,
18
.7
]

16
.7
[1
6.
5,
16
.8
]

18
.4
[1
8.
1,
18
.6
]

16
.3
[1
5.
9,
16
.7
]

18
.3
[1
7.
9,
18
.6
]

0.
17

Fa
t
(%
E)

32
.1
[3
1.
8,
32
.4
]

30
.8
[3
0.
3,
31
.4
]

31
.2
[3
0.
9,
31
.5
]

30
.7
[3
0.
3,
31
.1
]

32
.0
[3
1.
2,
32
.8
]

31
.3
[3
0.
8,
31
.8
]

0.
19

SF
A
(%
E)

12
.5
[1
2.
4,
12
.7
]

11
.9
[1
1.
7,
12
.2
]

12
.2
[1
2.
0,
12
.4
]

11
.4
[1
1.
2,
11
.6
]

12
.4
[1
2.
0,
12
.8
]

11
.4
[1
1.
1,
11
.6
]

0.
35

M
U
FA

(%
E)

11
.7
[1
1.
5,
11
.8
]

11
.6
[1
1.
4,
11
.9
]

11
.3
[1
1.
2,
11
.5
]

11
.7
[1
1.
5,
11
.9
]*
*

11
.7
[1
1.
3,
12
.1
]

12
.1
[1
1.
9,
12
.3
]

0.
03

6

PU
FA

(%
E)

4.
9
[4
.8
,5
.0
]

4.
5
[4
.4
,4
.7
]*
**

4.
8
[4
.7
,4
.9
]

4.
8
[4
.7
,4
.9
]

4.
9
[4
.7
,5
.1
]

5.
0
[4
.9
,5
.2
]

0.
00

01

Fi
be

r
de

ns
ity

(g
/1
00
0
kJ
)

2.
1
[2
.0
,2
.1
]

2.
6
[2
.6
,2
.7
]

2.
1
[2
.1
,2
.2
]

2.
8
[2
.7
,2
.8
]

2.
2
[2
.1
,2
.3
]

2.
9
[2
.8
,3
.0
]

0.
22

Pr
ob

ab
ili
ty

[9
5%

C
I]

n
=
37
18

n
=
22
95

n
=
28
77

n
=
37
92

n
=
48
3

n
=
21
22

p
in
te
ra
ct
io
n

SE
P*
Ti
m
e

Fr
ui
t
(≥

2
se
rv
es
/d
)

0.
49

[0
.4
7,
0.
51
]

0.
44

[0
.4
1,
0.
47
]

0.
52

[0
.5
0,
0.
55
]

0.
46

[0
.4
4,
0.
48
]

0.
57

[0
.5
2,
0.
63
]

0.
53

[0
.5
0,
0.
56
]

0.
68

Ve
ge

ta
bl
es

(≥
4
se
rv
es
/d
)

0.
20

[0
.1
9,
0.
22
]

0.
18

[0
.1
5,
0.
20
]

0.
18

[0
.1
6,
0.
20
]

0.
19

[0
.1
7,
0.
21
]

0.
16

[0
.1
2,
0.
20
]

0.
19

[0
.1
7,
0.
22
]

0.
05

M
EN

,m
ea
n
[9
5%

C
I]

Lo
w

ed
uc
at
io
n

M
ed

iu
m

ed
uc
at
io
n

H
ig
h
ed

uc
at
io
n

19
95

n
=
21
72

20
11
–1
3

n
=
93
6

19
95

n
=
20
01

20
11
–1
3

n
=
20
17

19
95

n
=
32
5

20
11
–1
3

n
=
94
4

p
in
te
ra
ct
io
n

SE
P*
Ti
m
e

En
er
gy

(k
J)

10
,9
95

[1
0,
78
1,
11
,2
09
]

10
,2
42

[9
91
5,
10
,5
68
]

11
,2
40

[1
1,
02
0,
11
,4
60
]

99
81

[9
77
1,
10
,1
91
]

11
,5
25

[1
0,
96
1,
12
,0
89
]

10
,1
74

[9
84
4,
10
,5
04
]

0.
09

C
ar
bo

hy
dr
at
e
(%
E)

44
.2
[4
3.
7,
44
.7
]

44
.2
[4
3.
3,
45
.1
]

44
.7
[4
4.
2,
45
.2
]

43
.1
[4
2.
5,
43
.7
]

43
.8
[4
2.
5,
45
.1
]

42
.7
[4
1.
8,
43
.6
]

0.
06

To
ta
ls
ug

ar
s
(%
E)

19
.5
[1
9.
0,
20
.0
]

19
.3
[1
8.
5,
20
.1
]

18
.9
[1
8.
5,
19
.4
]

18
.8
[1
8.
3,
19
.3
]

17
.8
[1
6.
7,
18
.9
]

17
.4
[1
6.
7,
18
.1
]

0.
97

Pr
ot
ei
n
(%
E)

16
.8
[1
6.
6,
17
.1
]

18
.2
[1
7.
6,
18
.7
]

16
.6
[1
6.
4,
16
.9
]

18
.1
[1
7.
8,
18
.5
]

16
.4
[1
5.
8,
16
.9
]

18
.2
[1
7.
7,
18
.7
]

0.
58

Fa
t
(%
E)

32
.1
[3
1.
7,
32
.5
]

30
.8
[3
0.
1,
31
.6
]

31
.3
[3
0.
9,
31
.7
]

30
.3
[2
9.
8,
30
.8
]

32
.1
[3
1.
1,
33
.1
]

30
.8
[3
0.
1,
31
.6
]

0.
88

SF
A
(%
E)

12
.6
[1
2.
4,
12
.8
]

12
.0
[1
1.
6,
12
.4
]

12
.4
[1
2.
1,
12
.6
]

11
.4
[1
1.
2,
11
.7
]

12
.4
[1
1.
8,
13
.0
]

11
.2
[1
0.
9,
11
.5
]

0.
22

M
U
FA

(%
E)

11
.8
[1
1.
6,
12
.0
]

11
.6
[1
1.
3,
12
.0
]

11
.5
[1
1.
3,
11
.6
]

11
.6
[1
1.
4,
11
.8
]

11
.8
[1
1.
4,
12
.3
]

12
.1
[1
1.
7,
12
.4
]

0.
36

PU
FA

(%
E)

4.
9
[4
.7
,5
.0
]

4.
5
[4
.3
,4
.7
]

4.
6
[4
.5
,4
.7
]

4.
6
[4
.5
,4
.8
]

5.
0
[4
.7
,5
.3
]

4.
9
[4
.7
,5
.1
]

0.
05

Fi
be

r
de

ns
ity

(g
/1
00
0
kJ
)

1.
9
[1
.9
,2
.0
]

2.
4
[2
.4
,2
.5
]

2.
0
[1
.9
,2
.0
]

2.
6
[2
.5
,2
.7
]

2.
0
[2
.0
,2
.1
]

2.
7
[2
.6
,2
.8
]

0.
09

Olstad et al. International Journal of Behavioral Nutrition and Physical Activity  (2018) 15:30 Page 7 of 19



Ta
b
le

2
D
ie
ta
ry

in
ta
ke

ac
co
rd
in
g
to

le
ve
lo

f
ed

uc
at
io
n
in

A
us
tr
al
ia
n
ad
ul
ts
in

th
e
19
95

N
at
io
na
lN

ut
rit
io
n
Su
rv
ey

an
d
th
e
20
11
–1
3
N
at
io
na
lN

ut
rit
io
n
an
d
Ph

ys
ic
al
A
ct
iv
ity

Su
rv
ey

a
(C
on

tin
ue
d)

Pr
ob

ab
ili
ty

[9
5%

C
I]

n
=
16
22

n
=
93
6

n
=
14
85

n
=
20
17

n
=
23
9

n
=
94
5

p
in
te
ra
ct
io
n

SE
P*
Ti
m
e

Fr
ui
t
(≥

2
se
rv
es
/d
)

0.
45

[0
.4
2,
0.
48
]

0.
38

[0
.3
4,
0.
42
]

0.
48

[0
.4
5,
0.
51
]

0.
40

[0
.3
7,
0.
43
]

0.
53

[0
.4
5,
0.
60
]

0.
48

[0
.4
3,
0.
52
]

0.
83

Ve
ge

ta
bl
es

(≥
4
se
rv
es
/d
)

0.
18

[0
.1
6,
0.
20
]

0.
16

[0
.1
3,
0.
19
]

0.
14

[0
.1
2,
0.
16
]

0.
16

[0
.1
4,
0.
18
]

0.
14

[0
.0
9,
0.
20
]

0.
16

[0
.1
3,
0.
19
]

0.
26

W
O
M
EN

,m
ea
n
[9
5%

C
I]

Lo
w

ed
uc
at
io
n

M
ed

iu
m

ed
uc
at
io
n

H
ig
h
ed

uc
at
io
n

19
95

n
=
27
03

20
11
–1
3

n
=
13
59

19
95

n
=
17
84

20
11
–1
3

n
=
17
74

19
95

n
=
29
2

20
11
–1
3

n
=
11
77

p
in
te
ra
ct
io
n

SE
P*
Ti
m
e

En
er
gy

(k
J)

72
78

[7
15
1,
74
04
]

70
80

[6
86
7,
72
92
]

78
01

[7
61
7,
79
85
]

74
21

[7
23
9,
76
02
]

81
15

[7
77
8,
84
52
]

77
60

[7
52
7,
79
94
]

0.
55

C
ar
bo

hy
dr
at
e
(%
E)

46
.0
[4
5.
6,
46
.4
]

45
.0
[4
4.
1,
45
.9
]*

46
.2
[4
5.
7,
46
.8
]

43
.2
[4
2.
5,
43
.9
]*
**

45
.6
[4
4.
2,
47
.1
]

42
.4
[4
1.
6,
43
.3
]*
**

0.
00

4

To
ta
ls
ug

ar
s
(%
E)

20
.3
[1
8.
9,
20
.7
]

20
.6
[1
9.
8,
21
.4
]

20
.6
[2
0.
1,
21
.1
]

19
.7
[1
9.
1,
20
.2
]

20
.1
[1
8.
7,
21
.4
]

19
.3
[1
8.
6,
19
.9
]

0.
09

Pr
ot
ei
n
(%
E)

17
.0
[1
6.
8,
17
.2
]

18
.4
[1
7.
9,
18
.9
]

16
.7
[1
6.
4,
17
.0
]

18
.7
[1
8.
3,
19
.1
]

16
.1
[1
5.
6,
16
.7
]

18
.4
[1
7.
9,
18
.8
]

0.
10

Fa
t
(%
E)

32
.1
[3
1.
7,
32
.5
]

30
.9
[3
0.
1,
31
.6
]

31
.1
[3
0.
6,
31
.6
]

31
.1
[3
0.
5,
31
.7
]

31
.7
[3
0.
5,
32
.9
]

31
.7
[3
1.
1,
32
.4
]

0.
05

SF
A
(%
E)

12
.5
[1
2.
3,
12
.7
]

11
.8
[1
1.
5,
12
.2
]

12
.0
[1
1.
8,
12
.3
]

11
.4
[1
1.
1,
11
.7
]

12
.4
[1
1.
8,
13
.0
]

11
.5
[1
1.
2,
11
.9
]

0.
88

M
U
FA

(%
E)

11
.6
[1
1.
4,
11
.7
]

11
.6
[1
1.
3,
12
.0
]

11
.1
[1
0.
9,
11
.3
]

11
.9
[1
1.
6,
12
.1
]*
**

11
.5
[1
0.
9,
12
.0
]

12
.1
[1
1.
8,
12
.5
]*

0.
03

1

PU
FA

(%
E)

5.
0
[4
.9
,5
.1
]

4.
6
[4
.4
,4
.8
]*
*

4.
9
[4
.8
,5
.1
]

5.
1
[4
.9
,5
.3
]

4.
8
[4
.5
,5
.1
]

5.
2
[5
.0
,5
.4
]*

0.
00

01

Fi
be

r
de

ns
ity

(g
/1
00
0
kJ
)

2.
2
[2
.2
,2
.3
]

2.
8
[2
.7
,2
.9
]

2.
3
[2
.3
,2
.4
]

2.
9
[2
.8
,3
.0
]

2.
4
[2
.3
,2
.5
]

3.
0
[2
.9
,3
.2
]

0.
87

Pr
ob

ab
ili
ty

[9
5%

CI
]

n
=
20
96

n
=
13
59

n
=
13
92

n
=
17
75

n
=
24
4

n
=
11
77

p
in
te
ra
ct
io
n

SE
P*
Ti
m
e

Fr
ui
t
(≥

2
se
rv
es
/d
)

0.
53

[0
.5
1,
0.
56
]

0.
51

[0
.4
7,
0.
54
]

0.
57

[0
.5
4,
0.
60
]

0.
52

[0
.4
9,
0.
55
]

0.
62

[0
.5
5,
0.
69
]

0.
59

[0
.5
5,
0.
62
]

0.
78

Ve
ge

ta
bl
es

(≥
4
se
rv
es
/d
)

0.
23

[0
.2
0,
0.
25
]

0.
19

[0
.1
7,
0.
22
]

0.
22

[0
.1
9,
0.
25
]

0.
22

[0
.1
9,
0.
24
]

0.
18

[0
.1
2,
0.
23
]

0.
23

[0
.2
0,
0.
26
]

0.
09

a A
bb

re
vi
at
io
ns
:%

E
%

of
en

er
gy

,S
EP

so
ci
oe

co
no

m
ic
po

si
tio

n
A
st
er
is
ks

in
di
ca
te

si
gn

ifi
ca
nt
ly

di
ff
er
en

t
co
m
pa

re
d
to

19
95

va
lu
e
*p

<
0.
05

,*
*p

≤
0.
01

,*
**
p
<
0.
00

1
Va

lu
es

re
pr
es
en

t
su
rv
ey
-w

ei
gh

te
d,

co
va
ria

te
ad

ju
st
ed

m
ea
ns

(o
r
pr
ob

ab
ili
tie

s
w
he

re
in
di
ca
te
d)

an
d
95

%
C
I

Li
ne

ar
an

d
lo
gi
st
ic
re
gr
es
si
on

m
od

el
s
w
er
e
ad

ju
st
ed

fo
r
ag

e,
se
x/
ge

nd
er

(e
xc
ep

t
in

st
ra
tif
ie
d
an

al
ys
es
),
an

d
sm

ok
in
g.

W
he

re
re
su
lts

of
th
e
ov

er
al
lF

te
st

w
er
e
st
at
is
tic
al
ly

si
gn

ifi
ca
nt
,p

ai
rw

is
e
co
m
pa

ris
on

s
w
er
e

pe
rf
or
m
ed

to
ex
am

in
e
ch
an

ge
in

in
ta
ke
s
ov

er
tim

e
ac
co
rd
in
g
to

ed
uc
at
io
na

ll
ev
el

Lo
w

ed
uc
at
io
n:

le
ss

th
an

se
co
nd

ar
y;
M
ed

iu
m

ed
uc
at
io
n:

se
co
nd

ar
y/
di
pl
om

a/
tr
ad

e;
H
ig
h
ed

uc
at
io
n:

te
rt
ia
ry

Bo
ld

da
ta

in
di
ca
te
s
st
at
is
tic
al
ly

si
gn

ifi
ca
nt

di
ff
er
en

ce
s
(p

<
0.
05

)

Olstad et al. International Journal of Behavioral Nutrition and Physical Activity  (2018) 15:30 Page 8 of 19



to educational level in dietary intakes of total sugars, pro-
tein, total fat, SFA, fiber, fruit or vegetables.
In stratified analyses, dietary intake did not vary by

educational level over time amongst men, however
consumption of carbohydrate, MUFA and PUFA varied
over time by education level among women (Table 2).

Household income
Trends in consumption of carbohydrate, SFA, PUFA and
fruit varied over time by household income level
(Table 3). Carbohydrate intake as a proportion of energy
declined by 0.9% between 1995 and 2011–13 among
those with low incomes (p = 0.02), whereas those with
medium and high incomes showed declines of 1.7%E
and 2.9%E (p < 0.001), respectively. Intake of SFA was
unchanged in the low income group, while SFA intakes
declined by 1.1%E among those with medium and high
incomes over time (p < 0.001). PUFA intake declined by
0.3%E in those with low incomes (p < 0.001), remained
stable in the medium income group, and increased by 0.
2%E among those with a high income (p = 0.02). The
probability of meeting fruit intake recommendations was
unchanged in the low income group, but decreased over
time in the medium and high income groups by 0.07 (p
< 0.001) and 0.05 (p = 0.02), respectively. There were no
changes over time according to income level in dietary
intakes of energy, total sugars, protein, total fat, MUFA,
fiber or vegetables.
In stratified analyses, trends in consumption of carbohy-

drate, fat, SFA, PUFA and fruit varied over time by income
level among men, whereas among women only carbohy-
drate and PUFA intakes changed over time (Table 3).

Area-level disadvantage
Trends in consumption of carbohydrate, total fat, MUFA,
and PUFA varied over time by area-level disadvantage
(Table 4). Carbohydrate intake declined in a graded man-
ner by 1.1%E − 1.3%E in the three most disadvantaged
quintiles (p < 0.05), and by 2.6%E and 3.3%E in the two
least disadvantage quintiles (p < 0.001). Fat intake declined
by 1.1%E − 1.4%E in the three most disadvantaged quin-
tiles (p < 0.01), whereas it was unchanged in the two least
disadvantaged quintiles. MUFA intake was unchanged in
the three most disadvantaged quintiles, but increased by
0.7%E (p < 0.001) and by 0.5%E (p = 0.002) in the two least
disadvantaged quintiles. PUFA intake declined by 0.4%E
(p = 0.007) in the most disadvantaged quintile and by 0.
2%E in the third most disadvantaged quintile (p = 0.03),
with no changes in the others. There were no changes
over time according to area-level disadvantage in dietary
intakes of energy, total sugars, protein, SFA, fiber, fruit or
vegetables.
In stratified analyses, only carbohydrate intake varied

over time by area-level disadvantage among men (Table 4).

Among women, trends in consumption of carbohydrate,
total sugars, and PUFA varied over time by area-level
disadvantage.

Summary of overall trends
Changes in dietary intake according to SEP were most
consistent for carbohydrate, PUFA, and MUFA (Table 5).
Between 1995 and 2011–13 carbohydrate intake declined
in a graded manner according to all three SEP indicators,
with greater declines in higher relative to lower SEP
groups. PUFA intakes declined in the lowest SEP groups
according to all three measures, and remained stable or
increased in higher SEP groups. MUFA intakes were stable
in those with a low educational level and in those living in
more disadvantaged areas, but increased in those with a
medium educational level (with a trend in the high educa-
tion group; p = 0.06) and in those living in less disadvan-
taged areas. Thus for all three nutrients, more favorable
changes were observed in higher SEP groups, and dietary
inequalities widened (Figs. 1, 2 and 3 depict changes ac-
cording to educational level). Intake of energy, total fat,
SFA and fruit differed over time according to a single SEP
measure (Table 5). There were no changes in intake of
total sugars, protein, fiber or vegetables according to any
SEP measures.
In stratified analyses among women, consistent evi-

dence of change in intakes of carbohydrate and PUFA
was observed according to all three SEP measures,
whereas total sugars and MUFA differed over time ac-
cording to a single measure of SEP. Among men, carbo-
hydrate differed according to two, and total fat, SFA,
PUFA and fruit differed according to one SEP measure
over time. Overall, widening inequalities in intakes of
carbohydrate, PUFA and MUFA were predominantly
driven by changes in women’s intakes, with smaller
changes in men observed.

Discussion
There were few changes in the dietary intakes of Austra-
lian adults between 1995 and 2011–13 according to three
measures of SEP, with the exceptions of carbohydrate,
PUFA, and MUFA. For these three nutrients, small, but
more favorable changes in intakes were observed in higher
SEP groups, particularly in women. Limited evidence of
widening dietary inequalities, especially in dietary factors
that often signal high intakes of discretionary foods (e.g.
SFA, total sugars), is a positive finding from a public
health perspective. Nevertheless, dietary intakes remained
poor across the SEP spectrum, as evidenced by high con-
sumption of SFA and total sugars, and low fiber, fruit and
vegetable intakes. That intakes remained poor across the
socioeconomic spectrum accords with similar evidence
from the US [15–17], and points to the reality that the
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drivers of unhealthy diets are pervasive and influence all
of society, regardless of SEP.
Evidence from several studies indicates that energy and

macronutrient intakes have remained relatively stable in the
US according to SEP since 1971 [15, 38]. Similar results were
found in the Netherlands between 1987/88 and 1997/98 [41],
and in Canada from 1986 to 2001 (according to purchasing
data) [42]. This relative stability in energy and macronutrient
intakes across several nations, over multiple decades, and
using a variety of SEP measures is consistent with our find-
ings. Nevertheless, between 1999 and 2012, richer and more
educated subgroups in the US experienced greater improve-
ments in diet quality and in intakes of some foods (e.g. whole
fruit, refined grains) [15]. It is possible that dietary differen-
tials are more difficult to discern at the macronutrient level.

Carbohydrate intake declined within all SEP groups
over time in a graded manner, with greater declines in
more advantaged groups. Given that intakes of fiber,
total sugars, fruits and vegetables and other macronutri-
ents demonstrated little to no concurrent change, it is
plausible that these changes were due to reduced intake
of refined grains. This supposition accords with evidence
that lower SEP groups tend to consume more refined
and fewer whole grains [27], and that intake of refined
grains declined among higher SEP groups between 1999
and 2012 in the US [15]. It appears as though small de-
clines in carbohydrate were partially counterbalanced by
small increases in PUFA and MUFA in higher SEP
groups. By contrast, low SEP groups reduced their intake
of PUFA with no change in MUFA intakes, in opposition

Fig. 1 Trends in mean proportion of energy from carbohydrate
according to level of education in Australian adults, 1995 to
2011–13. Values represent survey-weighted, covariate adjusted
means and 95% CI estimated using the margins command in
Stata. Time x education interaction p = 0.0014

Fig. 2 Trends in mean proportion of energy from polyunsaturated
fat according to level of education in Australian adults, 1995 to
2011–13. Values represent survey-weighted, covariate adjusted
means and 95% CI estimated using the margins command in Stata.
Time x education interaction p = 0.0001

Table 5 Change in dietary intake between 1995 and 2011–13 according to socioeconomic position in Australian adults

OVERALL

Energy Carbohydrate Total sugars Protein Total fat SFA MUFA PUFA Fiber Fruit Vegetables

Educational level √ √ √ √

Household income √ √ √ √

Area-level disadvantage √ √ √ √

MEN

Educational level

Household income √ √ √ √ √

Area-level disadvantage √

WOMEN

Educational level √ √ √

Household income √ √

Area-level disadvantage √ √ √

√ indicates significant change in intake in linear and logistic regression models adjusted for age, sex/gender (except in stratified analyses), and smoking between
1995 and 2011–13 according to socioeconomic position (within one or more categories)
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to dietary guidelines that recommend replacing SFA
with PUFA and MUFA [43].
In the current study, the probability of meeting fruit

intake recommendations only differed over time accord-
ing to household income, with no changes in differen-
tials in vegetable intakes. Notably, however, fruit and
vegetable intake remained far from optimal. Disparities
in fruit and vegetable intakes have been relatively stable
on an international level for several decades, including
in the US from 1965 to 2012 [15, 44], in France from
1985/87 to 1995/97 [45], in the Netherlands from 1987/
88 to 1997/98 [41], in Scotland from 1986 to 1995 [46],
and in Canada from 1986 to 2001 [42].
Income, education and area-level disadvantage reflect

distinct, yet overlapping axes of stratification, as illus-
trated by our findings [47]. Multiple mechanisms may
explain distinct linkages between various measures of
SEP and dietary behaviors. For instance, more highly ed-
ucated individuals tend to have greater nutrition-related
knowledge [48–50], and thus may be more aware of
dietary recommendations. Education is also a strong de-
terminant of future employment and income [51], which
may in turn influence access to social and economic re-
sources in support of healthy eating. Income is the indi-
cator of SEP that most directly captures access to
material resources [47], which may influence access to
healthful foods [52, 53]. Finally, area-level measures can
be theorized as measures of contextual effects, and have
been shown to have independent effects on diet [54]. A
comprehensive understanding of the mechanisms under-
lying our findings requires a fuller description of the
types of foods from which these dietary components
were derived, in addition to contextual information
about the various individual, social and environmental
factors that drove their intake.

Sex/gender differences in dietary intakes intersected
with SEP, such that increasing inequalities in intakes of
carbohydrate, PUFA and MUFA were predominantly
driven by changes in women. In addition, women were
susceptible to all three forms of disadvantage, whereas
for men, low household income was the primary driver
of inequalities. The reasons for these differences are un-
clear, however familial factors might be implicated.
Women are more likely to head single parent house-
holds than men [55], which might make them more sus-
ceptible to disadvantage if they compromise their own
intake to shield their children from hunger [56, 57]. Fur-
thermore, women are still primarily responsible for food
selection and preparation [58], their educational level ra-
ther than men’s might be more predictive of their own
and their partners’ intakes.

Implications
Australia is commonly portrayed as a more progressive
liberal welfare state compared to many other developed
nations, including the US [59, 60]. Nevertheless, despite
major social policy reforms undertaken between 2007
and 2013 which aimed to reduce economic, social and
health inequalities [61], income inequality has been
trending upward in Australia over the last two decades,
albeit at a slower rate than in the US [60, 62]. It is not
clear to what degree and over what time frame dietary
inequalities may be sensitive to changes in socioeco-
nomic inequalities, particularly given that dietary intakes
remain poor across the socioeconomic spectrum [33].
However, evidence presented here suggests that inequal-
ities in some aspects of dietary intake may be responsive
to broader long-term socioeconomic trends such as
these. Means-testing and residual services are common
in Australia [61, 63]. It is possible that universal ap-
proaches that directly tackle structural determinants of
health might offer a more effective policy response to in-
equalities [61].

Strengths and limitations
This study provides the first ever nationally representa-
tive estimates of change in dietary intake according to
both individual and area-level measures of SEP over a
16 year period in Australian adults. We adopted a gradi-
ent approach, examining change in dietary intake across
the SEP spectrum, and used multiple measures of SEP
that tap into distinct mechanisms through which in-
equalities are generated and maintained.
Methodologic changes between surveys may have influ-

enced our results to a small degree. First, dietary recalls
were conducted using a three-stage multiple pass method
in 1995, and a five-stage method in 2011–13, and the lat-
ter may have helped to minimize omitted and forgotten
foods. Second, similar to previous analyses [15, 16], data

Fig. 3 Trends in mean proportion of energy from monounsaturated fat
according to level of education in Australian adults, 1995 to 2011–13.
Values represent survey-weighted, covariate adjusted means and 95% CI
estimated using the margins command in Stata. Time x education
interaction p = 0.0364
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are not adjusted for residence in an urban or rural loca-
tion, or for country of birth, due to differences in which
these data were coded between surveys. Thus, there may
be residual confounding. Third, questions on frequency of
fruit and vegetable intake were modified slightly in 2011–
13 to specifically request that participants include potatoes
and exclude juices from their estimates, whereas treat-
ment of these foods was not specified in 1995. Because
the impact of these methodological changes was not in-
vestigated, time and method effects may be confounded in
some cases, however the relative stability of dietary intake
according to SEP in most cases suggests these methodolo-
gic changes were not a major concern.
Although the degree of energy intake underreporting by

SEP did not change across survey years, underreporting is
known to have increased over time, particularly among
men [20]. Therefore, while our estimates of changes in diet-
ary intake according to SEP remain robust, caution is ad-
vised in attempts to assess the presence or strength of
socioeconomic gradients within a particular survey cycle, as
differential misreporting according to SEP may have biased
these estimates [64–67].
Methodologic differences in the manner in which mixed

dishes were disaggregated in the two surveys precluded in-
vestigation of change in dietary inequalities at all levels of
the nutritional hierarchy (e.g. nutrients, foods, eating occa-
sions, dietary patterns) [20]. However our results may still
provide an indication of change at higher levels, as healthful
dietary patterns are identified on the basis of their relative
content of constituent foods, which are themselves defined
on the basis of the quality and quantity of the nutrients they
contain [18]. Moreover, fruit and vegetable intake correlates
strongly with overall diet quality [68]. Understanding trajec-
tories of change in nutrient intakes remains important be-
cause nutrients represent the level that most closely links
dietary intake with the physiology of health and disease
[69]. Thus, our analyses can enhance mechanistic under-
standing of the contribution of dietary inequalities to in-
equalities in obesity and chronic disease.

Conclusions
We found consistent evidence of more favorable changes
in dietary intakes of carbohydrate, PUFA and MUFA in
higher SEP groups between 1995 and 2011–13 com-
pared to lower SEP groups. There were few changes in
dietary intakes of energy, other macronutrients, fiber,
fruits and vegetables. Despite the persistence of subopti-
mal dietary intakes, limited evidence of widening dietary
inequalities is a positive finding from a public health
perspective. Nevertheless, as income inequality has been
trending upward in Australia, it will be important to
examine change in inequalities at the level of dietary pat-
terns as these data become available.
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