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ABSTRACT

Objectives This study sought first to empirically

define dietary patterns and to apply the novel Dietary
Inflammation Score (DIS) in data from rural and
metropolitan populations in Australia, and second to
investigate associations with cardiovascular disease (CVD)
risk factors.

Design Cross-sectional study.

Setting Rural and metropolitan Australia.

Participants Adults over the age of 18 years living in rural
or metropolitan Australia who participated in the Australian
Health survey.

Primary outcomes A posteriori dietary patterns for
participants separated into rural and metropolitan
populations using principal component analysis.
Secondary outcomes: association of each dietary pattern
and DIS with CVD risk factors was explored using logistic
regression.

Results The sample included 713 rural and 1185
metropolitan participants. The rural sample was
significantly older (mean age 52.7 compared with 48.6
years) and had a higher prevalence of CVD risk factors.
Two primary dietary patterns were derived from each
population (four in total), and dietary patterns were
different between the rural and metropolitan areas. None
of the identified patterns were associated with CVD risk
factors in metropolitan or rural areas, aside diet pattern

2 being strongly associated with from self-reported
ischaemic heart disease (OR 13.90 95% Cl 2.29 t0 84.3) in
rural areas. There were no significant differences between
the DIS and CVD risk factors across the two populations,
except for a higher DIS being associated with overweight/
obesity in rural areas.

Conclusion Exploration of dietary patterns between rural
and metropolitan Australia shows differences between the
two populations, possibly reflective of distinct cultures,
socioeconomic factors, geography, food access and/

or food environments in the different areas. Our study
provides evidence that action targeting healthier dietary
intakes needs to be tailored to rurality in the Australian
context.

%8 Katherine Livingstone

8 Christina Zorbas,®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study used representative national data sets,
which represent the most recent, highest quality
and comprehensive diet, disease and biomedical
measures population data available currently for
Australia.

= This study provided the first exploration of dietary
patterns by rurality in Australia.

= Due to the nature of the data, remoteness was
dichotomised and may not fully consider the het-
erogeneity of rural areas. Further, the AHS did not
sample from very remote populations in Australia.

= A further strength is that the researchers involved
in the data analysis have specific nutrition and di-
etetics expertise (LA and SEJ), and used eigenvalues
and scree plots to guide the determination of the
best number of components to extract from the di-
etary pattern analysis.

INTRODUCTION

For most populations residing in rural,
remote or non-urban areas around the
world, the experience of suboptimal health
relative to urban (or metropolitan) counter-
parts is well documented."™ In high-income
countries including Australia and the USA,
dietrelated risk factors, such as obesity,
hypertension, diabetes and dyslipidaemia,
are among the largest contributors to
preventable disease and mortality.” Acknowl-
edging that all levels of remoteness, and the
populations within these, are highly hetero-
geneous, we refer to rural, regional, remote
and non-urban areas, as ‘rural’ here-in and
metropolitan as ‘metro’. In Australia, resi-
dents of rural areas experience higher rates
of cardiovascular disease (CVD), diabetes,
some cancers and obesity when compared
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with metro populations.' * Furthermore, residents outside
metro areas in Australia live almost exclusively in areas
of lower socioeconomic status when compared using the
nationally consistent Index of Relative Socio-economic
Advantage and Disadvantage.”

A lack of action and attention towards prevention in
rural settings has been further exacerbated by a lack
of research and evidence in these communities.” "
Barclay et al demonstrated that there has been minimal
research investment in rural areas of Australia, relative to
need.'” More recently, research by Alston et al outlined
the absolute scarcity of research funding allocated to
understanding or improving dietary behaviours in rural,
regional and remote Australia.'' This translates to many
gaps in our knowledge around the role of diet in driving
health disparities in rural areas and extends to how we
can advance prevention activity that enables better health
in future rural-dwelling generations.

Despite the lack of research on rural dietary intakes
in Australia,'' there is evidence to show diet plays a
role in health inequities between rural and metro
areas’” " and that understanding dietsin rural popu-
lations are important to inform future evidence-based
health promotion initiatives.'* Analysis of the most recent
national-level dietary intake and modifiable risk factor
data showed that if people living in rural Australia were
able to achieve the same behaviour and risk factor profiles
as their metro counterparts, the absolute gap in mortality
between the two geographies would be reduced by 38%."
Other modelling has shown that meeting fruit and vege-
table recommendations would achieve the highest CVD
mortality reductions (~40%) in CVD in rural areas out
of all modifiable behaviours."”” Further evidence has
shown that public health nutrition priorities are different
between rural and metro Australia."” A recent review that
sought to synthesise all dietary data collected from rural
Australians highlighted multiple gaps in dietary data
collection outside of major cities in Australia, finding
only 21 studies in the past 20years."" Of the data available
on rural dietary intakes, over 50% of the studies collected
data using non-validated tools and none looked at dietary
pattern analysis specifically for rural populations.'" The
majority of studies also did not compare dietary intakes
with public health recommendations, meaning it was
difficult for the authors to make meaningful conclusions
and identify areas for improving dietary intakes in rural
areas.'" Alston and Partridge recently highlighted that
despite knowledge on the role of diet in the mortality
gaps between rural and metro areas, few interventions
have been conducted in these settings,'® and further
research into dietary intakes across different geography is
needed to understand areas of focus.'®

Exploration of dietary patterns in rural areas of
Australia and comparison with metro areas has been
minimal to date."' Population-level dietary patterns reflect
different dietary practices and culture, and may be linked
to inflammation and chronic disease patterns, such as
CVD.'” ™ Dietary pattern analysis is useful in providing

easy to translate information for the general public and

also informs public health nutrition campaigns.'’ Usually,

remoteness is and included in dietary analyses as a

confounder rather than analysed separately to assess the

possibility of differing diet patterns in rural and metro
regions.” Alongside a lack of dietary data collection and
analysis, there has been limited application of dietary
inflammatory scoring methods in Australian populations.

The REasons for Geographic and Racial Differences in

Stroke (REGARDS) study has provided comprehensive
regional evidence of the association between particular
dietary patterns and the risk of stroke in the USA.*’ From
this study, REGARDS researchers have developed and vali-
dated a ‘Dietary Inflammation Score’ (DIS) based on data
from intake of food groups and association with inflam-
matory biomarkers.?' The DIS allows for an estimation of
the influence of dietary patterns on systemic inflamma-
tion, which increases the risk of chronic disease.”’ Explo-
ration of the how the DIS differs between rural and metro
areas may provide evidence to further understand areas
for nutrition intervention and research that will address
health disparities for rural Australians. Using Australia’s
most recent comprehensive national survey of biomedical
measures and dietary intakes,” we set out to:

1. Empirically define dietary patterns and to apply the
novel DIS, in data from rural and metropolitan popu-
lations in Australia.

2. Investigate associations of both dietary patterns and
the DIS with CVD risk factors.

METHODS

Setting
Metro and rural Australia. Very remote areas of Australia
were not included in the sampling.*

Patient and public involvement
None.

Study design

The AHS consists of two separate surveys: the National
Health Survey (NHS), which includes the National Nutri-
tion and Physical Activity Survey (NNPAS) and the National
Health Measures Survey (NHMS).?* These behavioural
and biomedical survey data are the most recently avail-
able nationally representative data that include compre-
hensive dietary data coupled with disease and biomedical
measures data.”” The survey was conducted using a strat-
ified multistage area sample of private dwellings, which
generated detailed estimates across remoteness areas of
Australia.”” Dwellings were selected at random using a
multistage area sample of private dwellings for the NHS
(25080 households and 31837 respondents aged 2 years
and over in the core sample), and for the subset NNPAS
component, initially included 12400 dwellings.*> Within
each dwelling, a random subsample was selected of one
adult over the age of 18 years (and one child aged 2-17
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years, data not analysed here). Of those dwellings, 9519
dwellings included people who adequately responded to
the survey, yielding a total sample for the survey of 12153.
Dietary intakes were collected in the NNPAS using two,
24-hour dietary recalls (n=12153, 77.0% response rate).**

A total of 11246 people participated in the NHMS. For

the present analysis, individuals were split into two data

sets: ‘rural’ and ‘metro’ population. The ‘rural’ popula-
tion was defined as all included participants who were not
classified by the Australian Bureau of Statistics Australian

Geographical Standard Remoteness Areas™ as living in

major cities (ie, those living in Inner Regional Australia,

Outer Regional Australia and Remote Australia). Self-

report measures (such as whether or not participants

had ever been told they have high blood pressure, high
cholesterol, diabetes mellitus or ischaemic heart disease

(IHD)) were collected via the NNPAS survey.Q?’ Biomedical

measures were collected via the NHMS and participants

were asked to provide both a blood and urine sample,
which were then analysed for specific biomarkers.*

Detailed specific sampling and data collection methods

are outlined elsewhere.”

Individuals were excluded if they:

» Reported had implausible energy intakes, defined
as an energy intake to basal metabolic rate ratio of
less than 0.9, as per recommendation from the ABS*
from both day 1 or day 2 (removed 4528 participants).

» Were <18 years of age (removed 3418 participants).

» Did not participate in the biomedical measure compo-
nent of the study (removed 1898).

This resulted in the current analysis samples of 1185
and 713 participants from metro and rural areas, respec-
tively (figure 1). Data were analysed using a complete
analysis approach.®

Dietary and person-level data

Food items in the NNPAS basic Confidentialised Unit
Record File were classified into 56 food groups based on
previous research® using a combination of 3-digit, 5-digit
and 8-digit food codes as required (online supplemental
table 1), with reference to nutrient composition and tradi-
tional food groupings derived from the AUSNUT 2011-
2013 food nutrient database.”” The mean consumption
of each group over days 1 and 2 of the recall was calcu-
lated.” If data were from day 1 or 2 of the recall, a single
day of data was used. Food consumption data were then
matched and merged with person-level demographic and
self-report data from the NNPAS and biomedical level
data from the NHMS using the ABS unique person iden-
tifiers. Data from the NNPAS and NHMS also included

Resulting
sample after
removing
implausable
energy intake

n=4,528

Original
sample with

NNPAS data
n=12,153

Resulting
sample after
removing <18

n=3,418

both self-report and measured cholesterol, blood pres-
sure, diabetes and the presence of IHD. The mean intakes
of key nutrients were calculated for each population.?’

Dietary pattern analysis

The 56 food groups were then used to derive dietary
patterns using principal component analysis (PCA), repli-
cating methods previously used in the REGARDS study™
and consistent with recommendations of a recent system-
atic review of dietary pattern analysis methodologies.*
PCA is commonly used in dietary patterns research and
replaces a set of potentially correlated, predefined food
groups with a new set of principal components that are
uncorrelated and retain as much of the food variance as
possible.”” Patterns were derived separately for rural and
metro adult populations. PCA was used for extraction
of factors and varimax rotation was used to derive non-
correlated factors.” Following factor analysis in the two
populations, we used the Kaiser criterion and scree plots
to determine how many patterns to select in each popu-
lation.” The Kaiser criterion is defined as an Eigenvalue
of >1.0and widely used for the choice of the number of
factors in factor analysis.29 For everyone in the sample,
the factor loading of each food group was multiplied by
the mean consumption of each food group (in grams per
day) to calculate factor scores for each dietary pattern.
Adherence to dietary pattern was determined by splitting
individual factor scores into quartiles, consistent with
previous studies.”” ***' For example, for a given dietary
pattern, participants with a factor score in the top 25%
were categorised as high adherers, whereas individuals
with a factor score in the lowest 25% were categorised
as low adherers.” ™ *' The adherence of a participant to
any given dietary pattern did not preclude the participant
from being a high or low adherer to any other dietary
pattern.

Dietary Inflammation Score

The validated DIS was developed by Byrd et al, using
REGARDS data from >30000 participants, and has been
applied to multiple other studies exploring dietary
data.?"*'# To apply the DIS to the data in this study, food
groups and supplements were categorised according to
the DIS 19 groupings (consisting of 18 food groups and
1 multivitamin/mineral supplement group).21 The DIS
weights were developed in the REGARDS study data, by
assessing the strengths of the multivariable-adjusted asso-
ciations of each food group component with measured
circulating biomarkers of inflammation, including high-
sensitivity C reactive protein, interleukin-6 (IL-6), IL-8 and

Resulting
sample after
removing
those with
missing
biomedical
data n=1,898

Final sample:
n=713 rural

n=1,182
metropolitan

Figure 1 Analytical sample from n=12153. NNPAS, National Nutrition and Physical Activity Survey.
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IL-10.*" The DIS was then calculated by multiplying the
food group components (in g/day) by the DIS weightings
for each group. The population was then standardised by
sex, to standardised to have a mean of 0 z-scores with a
mean of 0 and SD of 1. Detailed scoring methods for the
DIS are documented elsewhere.?'

Statistical analysis

Data were analysed using STATA (V.17.0, StataCorp)
using weightings to account for the complex survey
design. T-tests of means and proportions were used to
understand differences between rural and metro samples’
demographic characteristics and overall nutrient intakes.
Logistic regression was used to assess the association of
each dietary pattern with dichotomous outcome vari-
ables, including: self-reported presence of IHD (yes/
no), selfreported diabetes (yes/no), self-reported
high cholesterol (yes/no) and self-reported hyperten-
sion (yes/no), measured cholesterol (normal/high),
measured blood pressure (normal/high), diabetes (esti-
mated from average HbAlc (high/low) and weight status
category (normal/overweight and obesity, calculated
from measured body mass index (BMI). The DIS s were
compared with the four measured biomedical outcomes
due to the objective measure of these biomedical data,
against the validated DIS, as opposed to self-reported
outcomes. Confounders were selected based on the
dietary patterns literature and included sex, age (65 years
and over vs below 65 years), socioeconomic status (using
the Socio-Economic Index for Areas (SEIFA) 2011, Index
of Relative Socio-Economic Disadvantage quintiles,”
mean energy intake (kilojoules per day), physical activity
(meeting vs not meeting physical activity recommenda-
tions of 150 min/week,34 categories for highest level of
education attained (bachelor degree, diploma, certifi-
cate, certificate not otherwise classified) and smoking
status (current weekly, current less than weekly, ex-smoker
or non-smoker).? 229

RESULTS

Demographics

There were differences in demographic characteristics
between the rural and metro sample (outlined in online
supplemental table 2). The rural sample was significantly
older than the metro sample, with a mean age of 52.7
compared with 48.6 years in metro areas, and a signifi-
cantly higher proportion of the population disadvan-
taged (SEIFA), compared with the metro population.
Significantly higher proportions of the rural population
reported having hypertension, high cholesterol and IHD
than the metro population. The rural population also
had significantly higher saturated fat and sodium intakes
and measured overweight/obesity compared with the
metro population.

Dietary patterns
Based on the Kaiser criterion and scree plots,®® two
primary dietary patterns emerged in each of the rural and

Rural pattern 1: Vegetables, red meat & fruit

Rural pattern 2: High fat, biscuits & coffee rural
diet

¢ & @
&

[+ Metro Pattern 1: High fat, SSB, beer & chips diet

5 03
% 01 11
2%
P O
&S F P

& g
& &

Metro Pattern 2: Vegetable, butter & red meat diet

&

I 1NN
& &

&

Food groups

Figure 2 Retained factors for rural and metro populations
with top 10 weighted food groups.

metro populations (ie, a total of four dietary patterns).
The top 10 factor loadings for each dietary pattern are
outlined in figure 2 (full factor loadings presented in
online supplemental table 3). In rural areas, pattern 1
‘veg, red meat and fruit diet’ (2A) had high factor load-
ings for other vegetables, tomatoes, red meat, potatoes,
cruciferous vegetables, fruit, leafy green vegetables, dark
vegetables, yoghurt. Pattern 2, *high fat, sweet biscuits and
coffee diet’ in rural areas had high loadings for added fat,
butter, added sugars, white bread, sweet biscuits, soup,
processed meat, high fat milk, coffee and tea (2B). In
metro areas, pattern 1 ‘high fat, sugarsweetened bever-
ages (SSB), beer and chips diet” (2C) had high factor
loadings for high fat milk, high fat dairy, SSBs, white
bread, beer, chips, salty snacks, butter, processed meat
and added fats. Pattern 2 includes, ‘vegetable, butter
and red meat diet’ other vegetables, tomatoes, potatoes,
added fats, butter, red meat, eggs, dark vegetables, wine
and leafy green vegetables (2D). Table 1 shows the mean
intake of nutrients by dietary pattern among the highest
adherers by either rural or metro population. The table
shows differences between the mean intakes among high
adherers of either pattern.

Table 2 shows the ORs for the association of each quar-
tile of adherence to either pattern 1 or 2 in rural and
metro populations with self-reported IHD and with CVD
risk factors. In rural areas, the highest and second quar-
tiles of adherence to dietary pattern 1 were both strongly
associated with having self-reported hypertension (Ql
OR 2.54, 95% CI 0.97 to 6.63; Q2 OR 2.90, 95% CI 1.16
to 4.36). The metro population also had significant
results for the hypertension for the highest and Q2 of
diet pattern 1. Self-reported diabetes or high cholesterol
was not significantly associated with adherence to either
dietary pattern in either population. People in rural areas
with self-reported IHD were significantly more likely to be
high adherers to diet pattern 2 (OR 13.90, 95% CI 2.29
t084.3).

Table 3 shows dietary pattern adherence and associa-
tions with measured CVD risk factors. The odds of having
high measured cholesterol increased with adhering to
dietary pattern 1 across rural and metro populations
but was not significant. Neither dietary pattern was
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Table 1 Mean intakes of nutrients by dietary pattern among the highest adherers and rurality
Rural pattern 1 Rural pattern 2 Metro pattern 1 Metro pattern 2
Nutrients High adherers to the High adherers to ‘rural ~ High adherers to ‘metro High adherers to

(mean (linearised std error)) ‘rural veg, red meat

and fruit’ diet

Energy intake (kilojoules/
day)

9902 (273.5)

high fat, biscuits and
coffee’ diet

11049.2814 (287.2)

high fat, SSBs, biscuits
and chips’ diet

the ‘veg, butter
and read meat’
diet

9254 (174.6) 11046 (208.9)

%EIl from total fat 31.2 (0.5) 32.8 (0.5) 31.5 (0.50) 32.4 (0.47)
%EIl from saturated fat 12.3 (0.3) 14.0 (0.3) 11.1 (0.24) 13.2 (0.26)
%El from protein 19.4 (0.4) 16.5 (0.35) 18.4 (0.3) 18.0 (0.32)
%EIl from carbohydrates 41.1 (0.7) 43.7 (0.75) 41.5 (0.67) 41.7 (0.62)
Sodium (mg/day) 2415.7 (1122.2) 2415.7 (110.2) 2298 (73.4) 2298.2 (73.4)

El, energy intake.

significantly associated with having diabetes across the
two populations. In the metro population high adherers
to diet pattern 1 were more likely to have high blood
pressure (OR 1.78, 95% CI 1.00 to 31.6) and overweight/
obese if they were high adherers to diet pattern 2.

Dietary inflammatory score

Table 4 shows the association of each quartile of the
DIS with measured CVD risk factors. Across the rural
and metro populations, there were mixed results, with a
higher DIS trending toward having suboptimal measured
risk factors compared with the lowest DIS for hyperten-
sion and obesity. The associations were not statistically
significant except in rural populations, where Q2 and
the highest quartile of the DIS were associated with being
overweight/obese

DISCUSSION

This is the first to explore differences in diet through
dietary pattern analyses separately for rural and metro
populations using AHS data and the first to apply the
novel DIS developed by REGARDS researchers® to
Australian data. Our study provides evidence that dietary
patterns are different between rural and metro popula-
tions in Australia. Research seeking to improve nutrition
and prevent CVD needs to consider the influence of
remoteness as a factor impacting on dietary intakes and
risk factor profiles. Further, approaches that are effec-
tive and appropriate for preventing CVD and improving
dietary intake patterns may differ between rural and
metro areas.

Unsurprisingly, the dietary patterns identified in both
rural and metro areas across the Australian population
were not in accordance with public health recommen-
dations (ie, no pattern was consistently high in vegeta-
bles, fruit, wholegrains and whole grains lean meats or
included minimal processed foods), consistent with the
wider literature on diet patterns.**® There were few strong
associations between dietary patterns and self-reported or

measured CVD risk factors. The exceptions included that
high adherence to dietary pattern 2 (‘high fat, biscuits
and coffee diet’) in rural areas was significantly associated
with self-reported IHD, and high adherers to diet pattern
2 (‘vegetable, butter and red meat diet’) in metro areas
being more likely to have a higher measured BMI. Differ-
ences in results between measured and self-reported
factors may be explained by differences in the propor-
tion of people reporting a diagnosis of hypertension,
compared with those who were measured to have higher
blood pressure. A previous analysis found that 16% of a
national sample of Australians under-reported hyperten-
sion in comparison to their measured blood pressure.”’

Reflective of the broader literature on differences
in health and health behaviours by rurality,4 21315 our
study showed differences between dietary patterns by
location. The dietary pattern 2 in rural areas showed a
higher factor loading for added fats, compared with
metro dietary patterns, which is consistent with previous
research.” A study by Alston et al found that there were
differences in the relative contribution of different diet
components to CVD deaths in rural compared with metro
areas, concluding that addressing high fat intakes needs
to be a priority in rural Australia.'” Potential reasons for
the different dietary patterns in rural compared with
metro areas may include different food culture, socio-
economic factors environments and food access in the
different areas.”® * For example, food environments in
rural areas have been shown to be relatively unhealthy,™
with rural communities tending to experience high food
insecurity,*” which may encourage consumption of higher
fat and energy dense processed foods.

Although there is evidence for the role of diet and
lifestyle in rural health inequities, this analysis of dietary
patterns also showed that the higher prevalence of CVD
risk factors in rural areas is likely to be due to more than
just dietary factors. Previous studies suggest that rural—-
metro health inequities are likely to arise from complex
interactions between factors that include both health
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Table 4 Dietary inflammation score and association with measured cardiovascular disease risk factors

Hypertension (OR, 95% Cl) Overweight/obesity (OR, 95% Cl)

Diabetes (OR, 95% Cl)

High cholesterol (OR, 95% CI)

Metro Rural Metro Rural Metro Rural Metro

Rural

DIS Q1 (ref—least

1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

inflammatory diet)

reference:1.0
DIS Q2

2.48 (1.15t0 5.35) 1.17 (0.73 to 1.90)

p=0.02

0.67 (0.28 to 1.60) 1.80 (0.79 to 4.07)  0.97 (0.57 to 1.64)

1.95 (0.51 to 7.53)

1.03 (0.67 to 1.58)

0.93 (0.46 to 1.84)

1.34 (0.81 to 2.20)
0.98 (0.59 to 1.62)

1.40 (0.66 to 2.99)

2.26 (10.6 to 4.84)

1.04 (0.60 to 1.80)
0.89 (0.51 to 1.60)
(0.81 to 1.87)

0.61(0.21t0 1.79) 2.14 (0.97 to 4.71)
0.77 (0.27 to 2.11) 2.42 (1.07 to 5.40))

0.86 (0.55 to 1.36) 1.97 (0.62 to 0.62)

1.64 (0.85 to 3.15)
0.82 (0.41 to 1.62)

DIS Q3

0.46 (0.101 t0 2.12)

0.71 (0.44 to 1.16)

DIS Q4

0.03

0.11

p
p

More inflammatory diet

P trend

0.93

p

0.78

p

0.05

p

0.55

p

0.20

p

0.12

p

0.95

p

Adjusted for sex, socioeconomic status, education, energy intake, physical activity, smoking status and age. The lowest quartile (reference) is the most inflammatory and Q4 is the most inflammatory

diet. Bold indicates significance.

behaviours and structural challenges such as access to
services and resources." Broadly, the literature investi-
gating the link between dietary patterns and CVD and
risk factors is mixed, with the use of multiple different
methods making it difficult to draw comparisons between
studies. For example, another Australian study using the
AHS dataset, but different categorisations of foods to
define patterns and different statistical analysis methods,
identified a healthier dietary pattern that was associated
with a healthier metabolic profile across the entire popu-
lation (but did not separate the population by rurality).”
Another study, that produced results more similar to our
findings, looked at adults aged 45 years and older across
the whole Australian population (ie, not split by rurality),
and identified three dietary patterns using factor analysis,
yet found that adhering to a healthier dietary pattern was
not associated with a healthier metabolic profile.*!

It is difficult to make comparisons with the wider liter-
ature using the DIS, as our study examined its cross-
sectional association with measured risk factors at a single
point in time rather than its longitudinal association with
CVD risk factors or mortality, as has more commonly
been analysed.”" *' ** Most studies that have examined the
association of the DIS and mortality in cohort data have
shown associations between a more inflammatory diet,
and increased risk of mortality for CVD and cancers. Our
findings are similar to another study in a healthy popu-
lation that found no association between the DIS and
cardiorespiratory fitness.”” A major difference may also be
that the DIS components were derived and validated with
data from a food frequency questionnaire, that assesses
diet over an extended period, whereas the AHS used a
24-hour dietary recall to assess diet, which collects infor-
mation on dietary intake over the previous 24 hours.**22
The lack of statistically significant results (aside from Q2
and Q4 of the DIS and overweight/obesity in the rural
population) may also be due to the small sample size used
in this study.

Although the dietary patterns identified in this study
did not show strong associations with CVD risk factors
overall, this may reflect limitations of the dietary data
(including limited number of foods on the instrument).
In addition, dietary intakes at a single point in time do
not capture the cumulative impact of lifetime diet, and
there is a potential for reverse causality in cross-sectional
data (where, eg, those with known CVD risk factors may
have altered their dietary intakes). Also, we were only
able to analyse metro compared with rural populations
as a dichotomous indicator of rurality, due to the limited
nature of these data. This meant that our study could
not examine the heterogeneity of health and environ-
ments across different areas of remoteness. More dietary
intake data are needed to understand dietary patterns
across all areas of remoteness, considering updated
remoteness measures in Australia, such as the Modified
Monash Model.®'" ** This is of particular need, following
years of low investment in diet research in rural Australia
despite well-documented health inequities in which diet
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plays an important role.” Future surveys that capture
remoteness, dietary patterns, and also clinical variables
that allow the calculation of CVD risk (eg, Framingham
Risk Equation*) would not only allow for investigations
into remoteness with more granularity than undertaken
here,zm_45 but also an examination of the interaction
between these variables.

This study used representative national data sets,
which represent the most recent, highest quality and
comprehensive diet, disease and biomedical measures
population data available currently for Australia. This
study provided the first exploration of dietary intakes by
rurality; however, due to the nature of the data, remote-
ness was dichotomised and does not consider the hetero-
geneity of rural areas. Further, the AHS did not sample
from very remote populations in Australia,” and due to
missing data and implausible intakes, our sample size
was greatly reduced from the original sample which may
further reduce generalisability of the results. The nature
of the data removed was also not at random and based
on recommendation from the AHS and previous litera-
ture. As there is evidence that there has been a lack of
nutrition research specific to rural areas,2 1 e did not
explore rurality as a subgroup analysis and analysed the
two groups separately to ensure a detailed understanding
of different dietary patterns. This may reduce the gener-
alisability of the results. Another limitation is that the
PCA method that we used does require some subjectivity
to extract dietary components. Decisions that are influ-
enced by subjectivity include those around the number
of factors to extract and description of the components
for each of the dietary patterns identified. However, the
researchers involved in the data analysis have specific
nutrition and dietetics expertise (LA and SEJ), and the
use of eigenvalues and scree plots guided determination
of the best number of components to extract. Further,
the cross-sectional study design used here cannot infer
causal relationships or the influence of unmeasured
confounding factors such as access to healthy food, local
food environment differences or other social norms that
may influence diet, that are not assessed in the AHS.
The identification of confounders was selected based on
previous literature.”

CONCLUSION

Two primary dietary patterns emerged each in rural and
in metro areas, with differences between the two popu-
lations. Neither pattern was strongly associated with
self-reported or measured CVD risk factors, aside from
IHD in rural areas and overweight/obesity in metro
areas. Our study provides evidence that action targeting
healthier dietary intakes and CVD risk factors needs to
be tailored to rurality. Further dietary analyses comparing
rural and metro areas is required to build knowledge on
different dietary intervention priorities between the two
populations.
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Supplementary table 1: REGARDS food groupings and Aus Food codes

Aus Food codes New Stata var (all lower
Food Group Name Individual Foods
1. 100% fruit juice orange juice’ fruit juice 11301, 11302, 11303 fruit_juice
2. Added fats Fats and oils (14) added_fats
shortening, lard, vegetable oil, olive oil, gravy, Mayonnaise (23301)
mayonnaise Gravy 231
3. Beans 25201 (beans and pulses, beans
baked beans included)
baked beans, refried beans, tofu, meat substitutes | 20601 meat substitutes
. Beer beer including light beer and non-alcoholic 291 beer
5. Bread 122 (all breads/regular) White_bread
12201 ( breads/bread rolls/
white bread, biscuits, bagels, cornbread white)
6. Bread - Whole 12204 (mixed grain breads) Wholegrain_bread
Grain dark bread
7. Butter Butters (141) butter
Butter Butter (14101)
8. Candy Lollies and confectionary candy
28401
Intensely sweetened- 28404
candy (not chocolate) 28405 ‘other confectionary’
9. Cereal 125 (cereal and cereal cereal
products)
12505 wheat based cereal

cold cereals and cooked cereals

10. Cereal - High 12511 (breakfast cereal, mixed | high_fiber_cereals
Fiber grains )

12512 ( mixed grain)

12513 (mixed grain with fruit)

bran and high fiber cereals 12506

11. Chinese food Beef, fish, chicken, veg stir Chinese_dish

fries with rice/noodles

15602009

15603007

Chinese dishes 15603008
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15603009
15603010
15603011
15603012
15603013
15603014
18702015
18702016
18702017
18702018
18702019
18902020
18902021
18902022
18902023
18902024
18902025
24901023
24901024
24901025
24901026
12. Chocolate 281 (all) Chocolate
chocolate 28101 (unfilled)
13. Coffee 112 coffee
coffee 12201
14. Condiments 23103 (savory sauces not condiments
tomato based)

salsa, ketchup, mustard, barbecue sauce 23104 (tomato sauces)
15. Desserts 131 (all sweet biscuits), swcookies_cakes_biscs_pies
133- all sweet cakes

cookies, cakes, pies

16. Eggs and egg 171- eggs, chicken eggs- eggs
dishes eggs 17101

17. Fish non-fried fish, tuna 15 fish

18. Fried food 12307 fried bread Fried_food

fried chicken, fried fish 13406 fried pastries
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24102002
15501039

19. Fried potatoes French fries 24102 Fried_chips
20. Fruit fruits 16 fruit

21. High-fat dairy 193-cream High_fat_dairy
19401- cheeses reg fat
19406-processed

19501- high fat dessert frozen
19506

19507

19508

19601

19701

19702

19801

19802

cheese, cream, ice cream
22. Liquor all alcohol/spirits (not wine liquor
and beer) 293
294 ciders/perry
295

liquor
23. Low-fat dairy 19402- reduced fat hard Low_fat_dairy
cheeses

19404- soft cheeses
19407

19503

19506

19602

19803

19804

low-fat cheese, ice cream
24. Margarine 146- Margarine and table Margarine
margarine spreads
25. Mexican dishes tacos, burritos 13507 mexican
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13508

26. Milk alternatives

non-dairy creamer, rice milk, soy milk

201- all dairy substitutes

Or 5 digits:

20101

20102

20103

20104

20105

20106 (nut and rice milks etc)
20201

20202

Non_dairy_milk

27. Milk - High-fat

whole and 2% milk

19101, 19102 and 19801 full
fat flavoured
19802

High_fat_milk

28. Milk - Low-fat

non-fat and 1% milk

19103, 19104, 19105

Low_fat_milk

29. Miscellaneous
sugar

jelly, jam, syrup, sugar in coffee/tea

27301001
27301002
27301003
27301004
27301005
27301006
27301007
27201-jams

27203

27204

27205

27101 (added sugar)
27102 (syrup/honey)

Added_sugar_spreads

30. Mixed dishes
with meat

mixed dishes with beef, pork, or chicken; chili
with beans

187 (all mixed with meat as
major component)

Mixed_meat_dish

31. Organ meat

liver, gizzard, neckbones, chitlins

18401
18402
18403
18404
18405

Organ_meat
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beverages

some juice (Hi-C)

32. Pasta dishes spaghetti, other pasta, macaroni and cheese, other | 13509 Pasta_dish
cheese dishes
33. Pizza pizza 13501 Pizza
34. Potatoes white potatoes, baked or mashed but not fried 24101 Potatoes
35. Poultry 18301 (all chicken) (has Poultry
boiled/steamed/fried/roast all
grouped together by section of
the chicken)
chicken (not fried)
36. Processed meats 18501 Proc_meats
18502
18503
18601
18602
18603
18604
18605
hot dogs, bacon, sausage, ham, lunch meat 18606
37. Red meat beef, hamburger’ pork, ribs, veal 18103, 18101,18102 Red_meat
38. Refined grains 26401 (crackers), 26301, Refined_grains
rice, tortillas, crackers 12102, 13201
39. Salad 233 Salad_dressing
dressing/sauces salad dressing
40. Salty snacks salty snacks, Chips’ popcorn 26202, 26201, Salty_snacks
41. Seeds, nuts peanuts, other nuts, peanut butter 22201, 22202,22204 Seeds_nuts
42. Shell fish oysters and shellfish 15202 Shell_fish
43. Soda soft drinks 11702 soda
44. Soup vegetable, bean, lentil, and other soups 21102, 21302, 21402 soup
45. Sugar-sweetened | drinks with sugar added (Kool aid) or containing | 115 SSB

46.

Sweet breakfast
foods

pancakes, waffles, doughnuts, pastries,
breakfast/power bars

13401, 13601,13603, 28301

Sweet_breakfast

47.

Tea

tea, iced tea

111

tea
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48. Vegetable - 242 Vege_crucif
cruciferous broccoli, coleslaw, cabbage, greens, collards
49. Vegetable - dark 24302034, 24302035, Vege_darkyellow

yellow

sweet potatoes

24302036, 24302037,
24302038, 24302039,
24302040, 24302041,
24302042, 24302043,
24302044, 24302045,
24302046, 24302047,
24302048,

50. Vegetable - green 24401 Vege_leafy
leafy green salad, spinach
51. Vegetable - other 24301,24402, 245, 24601, Vege_other

carrots, corn, green beans, peas, other vegetables

247,248

52. Vegetable - 246 Vege_tomato
tomato tomatoes, tomato juice, vegetable juice

53. Vegetable mixed 24901 Vege_stew
dishes vegetable stew

54. Water water 11701 Water

55. Wine wine 292 Wine

56. Yogurt yogurt including frozen yogurt 192 yoghurt
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Supplementary table 2: Characteristics of the rural and metro samples

Rural (n=713) Metro (n=1,185) P value
Mean age in years (SD)) 53.2 (16.0) 48.6 (17.9) P<0.001
Females (%)(std error) 47.5(0.27) 51.6 (1.9) P=0.89
SEIFA
Lowest 20% (%) 28.8 12.9 P<0.001
Second quintile 235 13.8 P<0.001
Third quintile 24.7 18.9 P=0.02
Fourth quintile 10.4 233 P<0.001
Highest 20% 12.6 31.0 P<0.001
Self-reported high Chol (%) 11.9 (1.7) 11.1 P=0.54
Self-reported Diab (%) 72(1.4) 4.3(0.7) P=0.006
Self-reported HTN (%) 21.9 (2.0) 13.7 (1.2) P<0.001
Self-reported IHD (%) 4.5(0.11) 2.6 (0.6) P=0.02
Measured high cholesterol 37.4 (27.0) 31.7 (1.7) P=0.01
Diabetes prevalence (HbAlc) 6.8 (1.3) 5.0(0.8) P=0.1
Measured HTN (%) 24024 20.3 (1.5) P=0.04
Overweight/obese (%) 71.2 (2.6) 57.2 P<0.001
Nutrients (mean (SD))
Energy intake (kilojoules/day) 9880 (2567.8) 9758.9(2,589.7) P=0.31
% EI from total fat 31.6 (6.1) 31.3(6.5) P0.32
%EI from Saturated fat 12.8(3.8) 17.8 (3.5)) P=<0.001
%EI from Protein 17.7 (3.8) 12.1(4.3) P=<0.001
% EI from Carbohydrates 42.7(7.5) 43.2(8.6) P=0.12
Sodium (mg/day) 2682.1(1057.0) 2566.0(1053.1) P0.02

Notes: Abbreviations- SD ‘standard deviations’ mg ‘milligrams’, EI ‘energy intake, HbAlc ‘haemoglobin Alc’, SEIFA

‘Socio-Economic Indexes For Areas’,HTN ‘hypertension’.
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Supplementary Table 3: Factor loadings of retained food groups in the pattern matrix in the rural and metropolitan population

Variable Diet pattern 1 — Rural Diet pattern 2- Rural Diet pattern 1-Metro Diet pattern 2- Rural
Added fats 0.0594 0.6344 0.1677 0.292
Added sugar -0.1561 0.3683 0.0373 0.0767
Beans 0.025 0.0095 0.0079 0.0454
Beer -0.0528 -0.0889 0.2225 0.0146
Butter 0.0803 0.4992 0.1773 0.2196
Candy -0.0831 0.0504 0.0615 -0.0297
Cereal -0.0482 -0.0227 -0.0113 -0.0202
Chinese food -0.0538 -0.0355 0.0572 -0.0182
Chocolate -0.1201 0.0178 0.0811 -0.0434
Coffee -0.0207 0.1379 0.068 0.1105
Condiments -0.0048 -0.0771 0.1396 0.1106
Eggs 0.0897 0.0133 0.0744 0.2047
Fish -0.0561 0.006 -0.063 -0.0068
Fried chips -0.2487 -0.0859 0.2153 -0.0885
Fried food -0.2596 -0.0212 0.1087 -0.0893
Fruit 0.2661 -0.079 -0.2665 0.0199
Fruit juice 0.0287 0.0113 -0.0611 -0.0019
High fat dairy -0.2299 0.0741 0.4921 -0.0815
High fat milk -0.2421 0.1535 0.53 -0.0712
High fibre 0.0468 0.1045 0.0959 0.0398
Ligour -0.0747 -0.1099 0.0598 -0.0206
Low fat dairy 0.0048 -0.0275 0.0672 0.0202
Low fat milk 0.1062 0.0599 -0.1628 0.0423
Margarine -0.0002 0.0684 0.017 0.022
Mexican -0.1191 -0.1308 -0.0433 -0.0317
Mixed meat -0.0412 -0.0481 0.0438 -0.0791
Non diary milk 0.0677 -0.0444 -0.1289 -0.0328
Organ meat 0.0357 -0.0489 -0.0155 -0.0134
Pasta dish -0.1801 -0.0609 -0.0093 -0.1826
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Potatoes 0.3029 0.1218 -0.0477 0.3268
Poultry 0.1089 -0.0163 -0.0545 0.1085
Processed meat -0.0076 0.1601 0.1761 0.1158
Red meat 0.3197 0.0577 0.0971 0.2073
Salad dressing 0.0802 -0.0784 -0.0484 0.0076
Salty snacks -0.1134 -0.0493 0.1904 0.0507
Seeds and nuts 0.0899 -0.0599 -0.081 -0.0255
Shell fish -0.0172 -0.0436 -0.0372 -0.0066
Soda -0.0192 0.0106 0.0654 0.0553
Soup -0.0054 0.1784 -0.0652 -0.0014
Sugar sweetened beverages | -0.2984 -0.118 0.3907 -0.0124
Sweet cookies -0.0139 0.2093 0.0014 -0.0154
Sweet breakfast cereals 0.0405 -0.0502 -0.0554 -0.0413
tea 0.1604 0.1353 -0.2893 0.0762
Cruciferous vegetables 0.2964 0.0128 -0.1323 0.0691
Dark green vegetables 0.2021 -0.0634 -0.0723 0.131
Leafy green vegetables 0.2418 -0.0486 -0.0711 0.1172
Vegetables 0.5949 0.0554 -0.0769 0.6338
Vegetable stew -0.0008 -0.0359 -0.0643 -0.1064
Tomatoes 0.3984 -0.0024 -0.0255 0.5912
Water 0.1272 -0.2524 -0.0726 -0.0679
White bread -0.06 0.2595 0.2261 0.1131
Wholegrain bread 0.0997 0.1078 -0.0618 0.0754
Wine 0.0412 -0.0093 -0.0922 0.1262
Yoghurt 0.1617 -0.0843 -0.1401 -0.0096
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