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Abstract
Objective: To explore if better diet quality scores as a measure of adherence to the
Australian Dietary Guidelines (ADG) and the Mediterranean diet (MedDiet) are
associated with a lower incidence of hypertension and non-fatal CVD.
Design: Prospective analysis of the 1946–1951 cohort of the Australian Longitudinal
Study on Women’s Health (ALSWH). The Australian Recommended Foods Score
(ARFS) was calculated as an indicator of adherence to the ADG; the Mediterranean
Diet Score (MDS) measured adherence to the MedDiet. Outcomes included hyper-
tension and non-fatal CVD. Generalised estimating equations estimated OR and
95 % CI across quartiles of diet quality scores.
Setting: Australia, 2001–2016.
Participants: 1946–1951 cohort of the ALSWH (n 5324), without CVD, hyperten-
sion and diabetes at baseline (2001), with complete FFQ data.
Results: Therewere 1342 new cases of hypertension and 629 new cases of non-fatal
CVD over 15 years of follow-up. Multivariate analysis indicated that women report-
ing better adherence to the ARFS (≥38/74) had 15 % (95 % CI 1, 28 %; P = 0·05)
lower odds of hypertension and 46 % (95 % CI 6, 66 %; P = 0·1) lower odds of
non-fatal CVD. Women reporting better adherence to the MDS (≥8/17) had
27 % (95 % CI 15, 47 %; P= 0·0006) lower odds of hypertension and 30 % (95 %
CI 2, 50 %; P= 0·03) lower odds of non-fatal CVD.
Conclusions:Better adherence to diet quality scores is associatedwith lower risk of
hypertension and non-fatal CVD. These results support the need for updated evi-
denced based on the ADG as well as public health nutrition policies in Australia.
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CVD represents a class of diseases that involve the heart and
blood vessels, and is a major cause of death and disease
burden across the globe(1,2). InAustralia, CHD(includingheart
attack), stroke andheart failure are the leading causes of death
among Australian women(3). Given that 40% of heart attacks
in women are fatal and occur without prior warning, it is clear
that CVD represents a major threat to the health of Australian
women and is an issue which demands preventive action(3).

Data published by the WHO estimate that over 75% of
premature CVD is preventable(4). This indicates that the

overall burden CVD imposes on individuals, societies, gov-
ernments and health-care services could be significantly
reduced by addressing major CVD risk factors including dys-
lipidaemia, smoking, hypertension, diabetes and abdominal
obesity(4).

Australian data suggest that high blood pressure accounts
for the greatest attributable burden for CVD at 31·7%(5).
However, combined dietary risk factors, including consump-
tion levels of fruits, vegetables, nuts, seeds,whole grains, proc-
essedmeat, fibre, saturated fats, Na, sweetened beverages and
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n-3 fatty acids, are thought to explain 35% of CVD burden(5).
This suggests that population interventions that target whole
dietary intakes represent a powerful lifestyle strategy for pre-
venting CVD, a concept supported by the mounting evidence
demonstrating whole food and whole dietary approaches
yield greater cardiovascular protective effects than those
focused on single nutritive components of foods(6).

One of the most widely studied dietary patterns linked
to CVD prevention is the Mediterranean diet (MedDiet),
which is characterised by high intakes of fish, olive oil,
fruits, vegetables and whole grains, and a moderate intake
of alcohol(7,8). Recent literature has indicated that closer
adherence to a MedDiet can reduce the risk of CVD risk
factors including hypertension(9) and high blood lipids(10),
and is associated with a lower risk of CVD incidence and
mortality(11). However, the MedDiet is a specific dietary pat-
tern based on the eating habits of Greece, Italy and Spain in
the 1940s and 1950s, and thereforemay lack relevancewithin
Australia’s current food system and environment(12,13).

Many countries have developed national dietary guide-
lines(14). Dietary guidelines are evidence-based dietary rec-
ommendations promoting the types and amounts of food
which should be consumed based on foods commonly
available, culturally acceptable and specific to the food
landscape of a country(15). For Australians, the Australian
Dietary Guidelines (ADG) have been developed with the
aim of promoting health and well-being, reducing the risk
of diet-related conditions and risk of chronic disease(15).
The ADG have been developed for all healthy
Australians, as well as those with common diet-related
CVD risk factors such as being overweight(15).

Previous studies have indicated that, on average,
middle-aged Australian women have a very low level of
adherence to the MedDiet, with intakes slightly more
aligned with the ADG(16). Given the ADG were developed
with the specific aim of preventing chronic disease within
the Australian population, it would be interesting to explore
if intakes more aligned with the ADG are associated with a
similar or greater reduction in risk of hypertension and non-
fatal CVD compared with the MedDiet. Therefore, the aim
of the current investigation was to explore whether better
diet quality scores, including the Mediterranean Diet Score
(MDS; as a measure of adherence to the MedDiet) and the
Australian Recommended Food Score (ARFS; as a measure
of adherence to the ADG), within a representative sample
of Australian women were associated with a lower inci-
dence of self-reported hypertension and non-fatal CVD
over 15 years of follow-up.

Methods

The Australian Longitudinal Study on Women’s
Health (ALSWH)
The ALSWH (also known as Women’s Health Australia)
was established in 1996 to investigate the health and

well-being of Australian women. At the first survey ever
conducted for this cohort in 1996, women from three age
groups (1973–1978 cohort, 1946–1951 cohort, 1921–1926
cohort) were randomly selected from the Medicare data-
base (Australia’s government-funded universal health-care
cover)(17).

Women living in rural and remote areas were intention-
ally oversampled to allow sufficient power to analyse data
by area of residence(18). The total baseline sample recruited
included over 40 000women andwas found to be a nation-
ally representative sample(19).

Data used for the current study were derived only from
the 1946–1951 cohort of the ALSWH. Survey 1 was con-
ducted in 1996 and women in this cohort were surveyed
in 1998 and every 3 years following(19), with themost recent
survey conducted in 2016. In total, data from two FFQ con-
ducted in 2001 (as part of Survey 3) and 2013 (as part of
Survey 7) were included in the current study.

Women from the 1946–1951 cohort were excluded from
the analysis if they reported a diagnosis of hypertension,
CVD (including heart disease, stroke or thrombosis) or dia-
betes at or before baseline. Women with missing FFQ data
at either Survey 3 or Survey 7 were excluded. Womenwere
also excluded if they had fewer than two follow-up surveys
from baseline (Fig. 1).

The Human Research and Ethics Committee of the
University of Newcastle and the University of Queensland
approved the study methods. Further details on the sample
and methods used by the ALSWH have been reported
elsewhere and are available at www.alswh.org.au.

Assessment of dietary intake
Dietary intake was assessed using an FFQ known as the
Dietary Questionnaire for Epidemiological Studies
(DQES), Version 2(20). The DQES was included as part of
Survey 3 and Survey 7 only, collected in 2001 and 2013,
respectively, from all participants.

The DQES asked respondents to report their usual
consumption of seventy-four foods and beverages and
six alcoholic beverages over the preceding 12 months,
using a 10-point frequency option ranging from ‘never’
up to ‘3 or more times per day’. Portion size photographs
were used to adjust the serving size for vegetables, meat
and casseroles. Additional questions were asked about
the total number of daily servings of fruit, vegetables,
bread, dairy products, eggs, fat spreads and sugars, as well
as asking the type of bread, dairy products and fat spread
used. Both the development of the DQES and its validation
in a sample of Australian women have been previously
reported(21).

Assessment of diet quality
Two diet quality scores were calculated: the ARFS(22) and
the MDS(8).
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TheARFS assessed diet quality by calculating consistency
with national recommendations of the dietary guidelines for
Australian adults (ADG) and the core foods outlined in
the Australian Guide to Healthy Eating, where higher
ARFS represents greater adherence to the ADG and better
diet quality(22). For example, FFQ items including fruits
and vegetables consumed <1 time/week were scored 0
and those consumed ≥1 time/week were scored 1. Meat
FFQ items scored 0 if consumed <1 time/month or
>5 times/week, and scored 1 if consumed 1–4 times/week.
Additional points were also awarded for type and quality
of core food intake consistent with national dietary recom-
mendations. A maximum of 2 points were added for
alcohol consumption: 1 point for moderate frequency (up
to 4 d/week) and 1 point for moderate quantity (1 or 2
standard drinks, when alcohol is consumed). The
maximum possible ARFS is 74, which was the total of
the food group-based subscores, including vegetable score
(maximum score of 22), fruit score (maximum of 14), grain
score (maximum of 14), dairy score (maximum of 7), nuts/
beans/soya/egg score (maximum of 7), meat score
(maximum of 5), fish score (maximum of 2), fat score

(maximum of 1) and alcohol score (maximum of 2). A
detailed explanation for calculating the ARFS is given in the
online supplementary material, Supplemental Table S1(16,22).

We calculated the MDS as outlined by Stefler et al.(8),
with one modification. Olive oil consumption is not col-
lected as part of the DQES. Therefore, the MDS scoring
was modified to match the information within the DQES
and the MDS fat component score was awarded if women
reported consuming monounsaturated fat spread(8). The
maximum MDS possible was 17; the criteria for calculating
the MDS are reported in detail in the online supplementary
material, Supplemental Table S2(16).

Ascertainment of hypertension and non-fatal CVD
Outcomes of interest included self-reported doctor diagno-
sis of hypertension and non-fatal CVD, reported at each
survey. Cases of non-fatal CVD encompassed self-reported
doctor diagnosis of heart disease, stroke or thrombosis.

Self-reported data on hypertension and non-fatal CVD
were available from each survey. At Survey 1 in 1996, par-
ticipants were asked if a doctor ever diagnosed them with
hypertension, heart disease, stroke and/or thrombosis. For

1996
Older 1921–1926 cohort

(70–75 years old)
n 12 432

1996
Middle-aged 1946–1951

cohort
(45–50 years old)

n 13 715

1998
Middle-aged 1946–1951

cohort
(47–52 years old)

n 12 338

2001
Middle-aged 1946–1951 cohort

(50–55 years old)
n 11 221

FFQ data first collected

Survey 2 to Survey 3
Dropout: n 1117

(9 % attrition rate)

Survey 1 to Survey 2
Dropout: n 1377 

(10 % attrition rate)

1996
Young 1973–1978 cohort

(18–23 years old)
n 14 427

2001
Final baseline sample

after exclusions applied
n 5324

Exclusions:
n 5897

Baseline CVD complication 
or diabetes, n 4891

Missing FFQ
data at both time points
or less than 2 follow-up

surveys past baseline, n 1006

Fig. 1 Australian Longitudinal Study of Women’s Health: flowchart of the 1946–1951 cohort participants
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example, women were asked ‘Have you ever been told by
a doctor that you have: Heart disease?’ At all subsequent
surveys, participants were asked if they had been diag-
nosed with hypertension or non-fatal CVD by a doctor in
the last 2–3 years (to coincide with previous surveys).
For example, at Survey 2 women were asked ‘Have you
EVER been told by a doctor that you have hypertension
(high blood pressure)?’ to which responses included ‘yes,
in the last 2 years’ and ‘yes, more than 2 years ago’.
At Survey 3 and subsequent surveys (Surveys 4, 5, 6, 7
and 8), women were asked ‘In the PAST THREE YEARS,
have you been diagnosed or treated for: Heart disease
(including heart attack, angina), Hypertension (high blood
pressure), Stroke or thrombosis (blood clot)?’ Thrombosis
was asked at all survey periods, except Survey 5.

If women reported having hypertension, heart disease,
stroke or thrombosis at Survey 1, 2 or 3, theywere excluded
from the analysis. A case of non-fatal CVD was defined as a
new report of heart disease, stroke or thrombosis at Surveys
4 to 8. A case of hypertension was defined as a new report
of hypertension at Surveys 4 to 8.

Previously, the examination between self-reported
hypertension and hypertension medication use in the
1946–1951 cohort indicated a high level of agreement
between measures (89 %)(23) and the use of self-reported
stroke data was previously validated(24).

Covariates
At every survey, participants were asked to provide infor-
mation on a range of demographic and socio-economic
factors and health risk behaviours. Covariates relevant to
the current analysis include socio-economic status, level
of education, smoking status, BMI, physical activity level,
country of birth, level of alcohol intake and menopause
status.

Socio-economic status was determined based on how
well participants reported they could manage on the
income they have available. Response options were cat-
egorized as: low (‘it is impossible’ or ‘it is difficult all the
time’); intermediate (‘it is difficult some of the time’ or ‘it
is not too bad’); or high (‘it is easy’)(25). Level of education
was determined as: low (if the highest level of education
reported was ‘no formal qualifications’ or ‘school or
intermediate certificate or equivalent’); intermediate
(if response was ‘high school or leaving certificate, trade/
apprenticeship, or certificate or diploma’); or high (if level
of education was classified as ‘university degree and
postgraduate degree’). Smoking status was defined as
‘non-smoker’, ‘former smoker’ or ‘current smoker’.

Participants were asked to report their height and
weight; from this, BMI was calculated and categorised
as underweight (BMI < 18·50 kg/m2), healthy weight
(BMI = 18·50–24·99 kg/m2), overweight (BMI = 25·00–
29·99 kg/m2) or obese (BMI ≥ 30·00 kg/m2)(26). Self-
reported BMI data from the ALSWH were previously

validated(27). Physical activity levels were derived from
validated questions on the frequency and duration of
walking (for recreation or transport) and from moderate-
and vigorous-intensity activity in the last week. From this,
physical activity level was defined as ‘sedentary/low’

(<600 MET × min/week) or ‘moderate/high’ (≥600
MET × min/week)(28), where MET is metabolic equivalents
of task. At Survey 1, participants were asked to report their
country of birth, fromwhich responses were categorised as
‘Australian born’, ‘other English-speaking background’,
‘Europe’, ‘Asia’ and ‘Other’. Alcohol status was also derived
and categorised as per the National Health and Medical
Research Council’s alcohol guidelines. Categories included
‘non-drinker’, ‘rarely drinks’, ‘low-risk drinker’ (≤2 stand-
ard drinks/d), ‘risky drinker’ (3–4 standard drinks/d) and
‘high-risk drinker’ (≥5 standard drinks/d)(29). Meno-
pause status was determined using questions on hysterec-
tomy, oophorectomy, hormone therapy and menstrual
patterns, and categorised as ‘hysterectomy and/or oopho-
rectomy’, ‘hormone therapy use’, ‘premenopausal’, ‘peri-
menopausal’ or ‘postmenopausal’(30).

Covariate selection
Using the software program DAGitty(31), a directed acyclic
graph was used to explore the association between the
exposure and outcome variables, based on the literature
indicating multiple potential confounding variables. From
the causal diagram shown in the online supplementary
material, Supplemental Fig. S1, various potential con-
founding variables were identified. These included race,
socio-economic status, education and physical activity.
Therefore, in addition to our unadjusted model, we present
two adjusted models: model 1 is adjusted for energy, age,
race (birth country), socio-economic status and education;
and model 2 is adjusted for model 1 variables as well as
physical activity level, BMI and smoking. Alcohol was also
identified as a potential factor confounding the relationship
between diet quality and CVD; however, was not adjusted
for in our models as it is already accounted for within both
diet quality scores.

Analysis
We analysed the prospective association between diet qual-
ity scores including the ARFS and MDS (based on the FFQ
data collected at Survey 3 and updated at Survey 7) and inci-
dence of hypertension and non-fatal CVD (Surveys 4–8),
using generalised estimating equations analysis. An inde-
pendent correlation structure was used for the generalised
estimating equationsmodel, due to the 12-year gap between
individual diet quality measures. This structure was
supported by an improved model fit, as evidenced by a
lower value of the quasi-likelihood under independence
model criterion. Each participant contributed only one
endpoint and the cohort at risk of each 3-year follow-up
period included only those who had not yet reported
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hypertension or a non-fatal CVD event at the beginning of
each follow-up period.

For analyses, participants were divided into quartiles
(Q1–Q4) based on their diet quality scores (ARFS and
MDS, separately). The lowest quartile (Q1) for diet quality
scores represents the reference category.

Generalised estimating equations models with time-
varying covariates were used for all analyses using the stat-
istical software package Stata version 14.2, to estimate OR
and corresponding 95 % CI. Statistical significance was
defined as P < 0·05.

Results

Characteristics of study population
A total of 5324 women were included at baseline (2001;
Fig. 1), with a mean age of 52·4 (SD 1·5) years. Women
in the highest quartile for diet quality scores (ARFS or
MDS) were significantly more likely to be highly educated
(university bachelor’s degree) and to use a multivitamin or
other supplement. Women reporting higher diet quality
scores were also less likely to smoke cigarettes, less likely
to partake in risky or high-risk alcoholic drinking behav-
iours, and less likely to be physically inactive (Table 1).

Dietary intakes based on diet quality scores
The median ARFS for our sample was 32 (interquartile
range 12) out of a maximum possible score of 74. In addi-
tion, the median MDS for our sample was 7 (interquartile
range 2) out of a maximum possible score of 17. Women
reporting higher diet quality scores were on average
more likely to consume greater servings of fruits, vegeta-
bles and grains each day. Higher MDS was associated
with significantly lower average intakes of processedmeats
(servings/d) and meat (servings/d), but slightly higher
average intakes of discretionary choices (servings/d),
including snack foods and confectionery. Women report-
ing higher ARFS were significantly more likely to consume
on average more meat (servings/d) and dairy (servings/d;
Table 2).

Incidence of hypertension
During 15 years of follow-up, 1552 (29 %) of the 5324 par-
ticipants reported having a diagnosis of hypertension. The
relationship between quartiles of diet quality scores and
hypertension is reported in Table 3. Women reporting a
higher ARFS (Q4, ARFS ≥ 38) were at a 15 % (OR = 0·85,
95 % CI 0·72, 0·99; Ptrend= 0·05) lower risk of hypertension,
compared with women reporting ARFS in the lowest quar-
tile (Q1, ARFS ≤ 25) in our multivariate model (model 2).
Women reporting a higher MDS (Q4, MDS ≥ 8) were at a
27 % (OR= 0·73, 95 % CI 0·63, 0·85; Ptrend= 0·0006) lower
risk of hypertension compared with women reporting MDS

in the lowest quartile (Q1, MDS ≤ 5) in our multivariate
model (model 2).

Incidence of non-fatal CVD
During 15 years of follow-up, 629 (12 %) participants
reported having a diagnosis of non-fatal CVD. Of this sam-
ple, approximately 8·5 % reported a diagnosis of heart dis-
ease, 3 % reported a diagnosis of thrombosis and 2 %
reported a diagnosis of stroke.

The relationship between quartiles of diet quality scores
and non-fatal CVD is reported in Table 4. Women reporting
a higher ARFS (Q4, ARFS ≥ 38) were at a 46 % (OR= 0·64,
95 % CI 0·44, 0·94; Ptrend= 0·1) lower risk of non-fatal CVD,
compared with women reporting ARFS in the lowest quar-
tile (Q1, ARFS ≤ 25) in our multivariate model (model 2).
Women reporting a higher MDS (Q4, MDS ≥ 8) were at a
30 % (OR= 0·70, 95 % CI 0·50, 0·98; Ptrend < 0·03) lower
risk of non-fatal CVD compared with women reporting
MDS in the lowest quartile (Q1, MDS ≤ 5) in our multivari-
ate model (model 2).

Discussion

Within our sample of middle-aged Australian women, sta-
tistically significant inverse associations between diet
quality scores and incidence of hypertension and non-fatal
CVD were found over 15 years of follow-up. In particular,
we observed greater risk reduction in hypertension with
increasing adherence to the MDS compared with the
ARFS.However,we also observed a very large risk reduction
in non-fatal CVD with increased adherence to the ARFS
compared with the MDS.

The MedDiet has been one of the most studied dietary
patterns in recent years and has been consistently recog-
nised for exerting potent cardiovascular protective effects,
which have been attributed to the sum of its compo-
nents(32). Although it has been widely argued that the
MedDiet does not represent one consistent dietary pattern,
it is frequently defined as a plant-based diet, high in cereals,
fruits, vegetables, legumes and nuts(33). The MedDiet will
generally include small amounts of meat and dairy prod-
ucts, olive oil as the main source of fat, and a moderate
intake of alcohol(33). Many of these dietary components
are also promoted within the ADG; however, lean red
meats and poultry have been grouped with fish, tofu,
nuts, seeds and legumes (meat alternatives) as a class of
foods which should be consumed in quantities of 1–3
servings/d(15). Daily consumption of dairy foods including
milk, yoghurt, cheese and/or alternatives is also recom-
mended, and unspecified unsaturated fat (polyunsaturated
and monounsaturated) spreads and oils are recommended
in small amounts(15). These general concepts have been
captured in our baseline diet data, as we see that higher
ARFS andMDSwere associatedwith higher average intakes
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Table 1 Baseline characteristics of all study participants (n 5324) by quartiles of diet quality scores; 1946–1951 cohort of the Australian Longitudinal Study of Women’s Health

ARFS (maximum score= 74) MDS (maximum score = 17)

Q1
(ARFS≤ 25)

Q2
(ARFS= 26–31)

Q3
(ARFS= 32–37)

Q4
(ARFS ≥ 38) P value

Q1
(MDS ≤ 5)

Q2
(MDS= 6)

Q3
(MDS= 7)

Q4
(MDS ≥ 8) P value

Women (n) 1288 1300 1394 1342 – 1286 1015 1185 1838 –
Age (years) 0·2 0·03
Mean 52·4 52·4 52·5 52·5 52·3 52·4 52·5 52·5
SD 1·5 1·5 1·5 1·4 1·5 1·4 1·5 1·4

BMI (kg/m2) 0·1 0·1
Median 25·0 24·8 24·8 24·8 24·8 24·8 25·0 24·8
IQR 6·2 5·9 5·1 5·1 5·8 5·4 5·5 5·6

Australian born (%) 76·2 78·2 77·0 76·6 0·7 78·6 79·4 76·3 74·3 0·1
Urban area of residence (%) 36·0 35·7 36·6 35·2 0·9 36·4 34·0 35·9 36·6 0·007
Highly educated (%) 13·2 18·6 20·8 19·0 <0·0001 15·7 17·5 16·0 21·0 <0·0001
Overweight or obese (%) 49·3 47·9 47·7 46·2 <0·0001 47·1 47·5 49·4 47·2 0·1
Smoking (%)
Current 19·4 11·8 11·6 9·7 <0·0001 21·5 15·5 11·2 6·9 <0·0001
Former 21·8 25·5 26·5 24·2 27·8 23·6 23·6 23·1

Risky/high-risk alcohol drinker (%) 6·2 5·5 5·5 3·6 <0·0001 13·7 4·0 3·3 1·1 <0·0001
Physically inactive (%) 63·3 55·0 49·5 40·1 <0·0001 56·4 53·7 51·9 47·4 <0·0001
Postmenopausal (%) 25·1 25·0 25·4 26·0 0·5 25·5 25·6 23·7 26·2 0·1
Hormone replacement therapy use (%) 31·9 32·2 30·6 30·0 0·6 33·5 32·8 31·2 28·6 0·02
Using multivitamin/supplement 49·6 57·1 60·3 64·2 <0·0001 54·1 54·9 60·5 60·5 <0·0001

ARFS, Australian Recommended Food Score; MDS, Mediterranean Diet Score; Q, quartile; IQR, interquartile range.
Total baseline sample, n 5324. Quartiles are based on ARFS orMDS separately. Age presented asmean and standard deviation; BMI presented asmedian and IQR. Incomplete observations for: BMI (n 5039), country of birth (n 5278), smoking
status (n 5312), area of residence (n 5303), level of education (n 5290) and (National Health and Medical Research Council) alcohol status (n 5038). P value represents level of significance for difference found through ANOVA for continuous
variables and χ2 tests for categorical variables.
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Table 2 Summary of dietary intakes of all study participants (n 5324) by quartiles of diet quality scores; 1946–1951 cohort of the Australian Longitudinal Study of Women’s Health

ARFS (maximum score= 74) MDS (maximum score= 17)

Q1
(ARFS ≤ 25)

Q2
(ARFS= 26–31)

Q3
(ARFS= 32–37)

Q4
(ARFS ≥ 38)

P value

Q1
(MDS ≤ 5)

Q2
(MDS= 6)

Q3
(MDS= 7)

Q4
(MDS ≥ 8)

P valueMedian IQR Median IQR Median IQR Median IQR Median IQR Median IQR Median IQR Median IQR

ARFS 21 6 29 3 34 3 41 6 <0·0001 27 12 31 11 33 11 35 10 <0·0001
MDS 6 2 7 3 7 2 8 1 <0·0001 5 1 6 0 7 0 8 1 <0·0001
Vegetable (servings/d) 1·8 1·4 2·0 1·2 2·1 1·2 2·3 1·2 <0·0001 1·8 1·3 1·9 1·1 2·1 1·2 2·3 1·4 <0·0001
Fruit (servings/d) 1·0 1·2 1·7 1·4 2·0 1·4 2·4 1·4 <0·0001 0·9 1·0 1·5 1·2 1·9 1·3 2·5 1·3 <0·0001
Grains (servings/d) 2·9 1·9 3·4 1·9 3·9 2·0 4·2 2·2 <0·0001 2·6 1·7 3·2 1·9 3·6 1·9 4·2 2·1 <0·0001
Dairy (servings/d) 1·5 0·9 1·6 0·9 1·7 1·0 1·9 1·0 <0·0001 1·7 0·9 1·7 1·0 1·7 1·0 1·6 1·1 0·2
Processed meat
(servings/d)

0·2 0·3 0·2 0·3 0·2 0·3 0·2 0·3 0·45 0·2 0·3 0·2 0·3 0·2 0·3 0·1 0·3 <0·0001

Meat (servings/d) 1·4 1·2 1·6 1·2 1·7 1·2 1·9 1·2 <0·0001 1·9 1·3 1·6 1·3 1·7 1·2 1·6 1·0 <0·0001
Discretionary choices
(servings/d)

1·6 1·5 1·6 1·4 1·7 1·5 1·7 1·5 0·6 1·5 1·5 1·6 1·5 1·7 1·5 1·7 1·5 0·01

Energy (kJ/d) 5561 2615 6089 2495 6421 2568 6908 2683 <0·0001 5656 2617 5937 2527 6303 2586 6761 2668 <0·0001
Total fat (g/d) 55 30 57 32 59 31 61 30 <0·0001 58 32 57 31 58 31 60 31 0·001
Total energy
contribution from
fat (%)

38 8 36 8 35 8 34 7 <0·0001 38 7 36 8 35 8 33 8 <0·0001

Saturated fat (g/d) 22 14 22 14 22 14 23 13 0·43 24 14 23 14 23 14 22 14 0·02
Monounsaturated
fat (g/d)

19 11 20 11 21 11 22 11 <0·0001 20 12 20 11 20 11 21 11 0·0002

Polyunsaturated
fat (g/d)

8 6 8 6 9 6 10 7 <0·0001 8 6 8 6 9 6 10 7 <0·0001

Dietary cholesterol
(mg/d)

203 123 213 116 221 118 236 121 <0·0001 233 131 212 113 218 124 212 110 0·0002

Protein (g/d) 65 33 72 31 77 32 85 33 <0·0001 74 36 73 33 77 33 77 32 <0·0001
Total energy
contribution from
protein (%)

20 5 20 4 20 4 21 4 <0·0001 22 4 21 4 20 4 19 4 <0·0001

Carbohydrate (g/d) 145 73 161 68 172 73 188 76 <0·0001 136 59 157 66 170 68 194 74 <0·0001
Total energy
contribution from
carbohydrate (%)

43 8 45 8 45 8 46 7 <0·0001 41 7 44 7 45 7 48 7 <0·0001

Sugar (g/d) 66 36 74 37 80 39 87 38 <0·0001 64 32 71 35 79 36 90 40 <0·0001
Fibre (g/d) 15 8 18 8 20 9 23 10 <0·0001 14 7 17 7 19 8 23 10 <0·0001
Alcohol (g/d) 2 12 4 15 6 16 6 16 <0·0001 15 25 6 17 3 11 2 8 <0·0001
Na (mg/d) 1749 872 1890 843 2007 915 2209 944 <0·0001 1832 912 1887 931 1985 984 2078 969 <0·0001
K (mg/d) 2127 956 2392 903 2580 958 2908 1040 <0·0001 2195 930 2363 975 2559 979 2787 1056 <0·0001
Mg (mg/d) 203 94 239 98 260 105 297 120 <0·0001 211 95 233 103 255 107 286 122 <0·0001
β-Carotene (μg/d) 2660 2331 3291 2245 3548 2409 4134 2482 <0·0001 2597 2021 3043 2016 3552 2273 4268 2662 <0·0001
Vitamin C 73 57 96 68 110 72 131 72 <0·0001 73 47 91 60 106 68 139 77 <0·0001

ARFS, Australian Recommended Food Score; MDS, Mediterranean Diet Score; Q, quartile; IQR, interquartile range.
Quartiles are based on ARFS or MDS separately. Values are presented as median and IQR to account for possible extreme values (no exclusions have been made based on extreme dietary intakes). P value represents level of significance for
difference found through ANOVA for continuous variables.
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of vegetables (Q4, median= 2·3 servings/d), fruits (Q4,
median= 2·5 servings/d) and grains (Q4, median= 4·2
servings/d). On the other hand, higher ARFS was
associated with higher average intakes of dairy (ARFS
Q4, median= 1·9 servings/d v. MDS Q4, median= 1·6
servings/d), processed meat (ARFS Q4, median= 0·2
servings/d v. MDS Q4, median= 0·1 servings/d) and
meat (ARFS Q4, median= 1·9 servings/d v. MDS Q4,
median= 1·6 servings/d) compared with higher MDS,
andmay contribute to the different effect sizes we observed
between the two scores.

With these underlying differences between the MedDiet
and ADG in mind, there have been concerns that the adop-
tion of a traditionally low-dairy MedDiet would not be able
to effectively meet the Ca recommendations for Western
populations(34). To address this notion, an 8-week rando-
mised controlled trial aimed to determine the effect of
the MedDiet supplemented with dairy foods on cardio-
vascular risk factors in participants (n 38) at risk of
CVD(34). Results indicated that a MedDiet including
3–4 servings dairy/d led to significant reductions in blood
pressure, higher HDL-cholesterol and lower TAG levels,
compared with a low-fat diet(34). In addition, other studies
have indicated that dairy intake is associated with markers
of cardiovascular health(35,36). While a meta-analysis of
prospective cohort studies concluded dairy consumption
may be associated with a reduced risk of CVD, additional
data are required to examine potential dose–response
patterns(37).

Olive oil is amajor component of theMedDiet. Although
the Spanish cohort of the European Prospective
Investigation into Cancer and Nutrition (EPIC-Spain) indi-
cated that the majority of the MedDiet components on their
ownwere not significantly associated with mortality (rather
the sum of its components is important), higher intake of
olive oil was associated with a significant 15 % lower risk
of mortality (P= 0·006)(38). In our cohort, better adherence
to the ARFS and the MDS was associated with a lower aver-
age percentage of total energy from fat and higher average
intakes (g/d) of monounsaturated fat and polyunsaturated
fat. Saturated fat intake was on average significantly lower
with increasing adherence to the MDS; however, average
saturated fat intake did not change significantly based on
adherence to the ARFS. It is worth noting here that the
ADG do not recommend a specific type of unsaturated
fat (polyunsaturated or monounsaturated) and in only
small amounts, given that essential unsaturated fatty acids
are found in a variety of core foods(15). However, this also
represents a potential limitation of the current analysis.
Given olive oil is a major component of the MedDiet,
our current analysis was not able to accurately account
for this as it was not collected as part of the DQES.
Alternatively, the MDS fat component score was awarded
if women reported consuming monounsaturated fat
spreads (major type of fat in olive oil)(39). As a result, theT
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true effect of the MDS on hypertension and non-fatal CVD
in our cohort may be underestimated.

Australians are considered to be one of the highest
global consumers of meat(40). We found average meat
and processed meat intakes to be higher in women con-
suming diets more aligned with the ADG compared with
the MDS, and this could help explain why we observed
slightly greater risk reductions with increasing adherence
to the MDS. In fact, previous prospective cohort analyses
have indicated that population adherence to dietary
patterns with higher red meat intake is significantly associ-
ated with markers of systemic inflammation, including
C-reactive protein(41,42). Additionally, recent data indicate
that people who consume more red meat produce higher
levels of trimethylamine N-oxide, a microbiome-mediated
metabolite that has been found to have a role in the patho-
genesis of atherosclerotic heart disease(43). However,
trimethylamine N-oxide levels were markedly reduced
when study participants stopped consuming red meat in
favour of either white meat or a vegetarian diet(43). In addi-
tion, trimethylamine N-oxide levels have been shown to be
especially low in those following a MedDiet, compared
with individuals consuming a Western diet(44).

In our cohort we found women consuming diets more
alignedwith theMDSwere alsomore likely to consume dis-
cretionary choices (inclusive of confectionery, salty snacks,
takeaway and pastries). Higher intakes of commercial
sweets and salty snacks are not consistent with the
MedDiet, but likely a reflection of modern-day food envi-
ronments(45). This may be unexpected given that with
increased multiculturalism in modern Australia, improved
technology and globalisation there has been an increase
in the availability of several MedDiet components including
fruits, vegetables and olive oil(45). However, the availability
of highly processed discretionary choices in Australia has
increased at an alarmingly rapid rate compared with tradi-
tional Mediterranean foods, thus impacting the balance of
available foods and affecting adherence with the MedDiet,
a concept which can also be extended to explain low
adherence to the ADG(45).

It has been previously indicated that a MDS of at least
half of the maximum possible points represents satisfactory
adherence to the MedDiet and is associated with better
health outcomes(33). Applying this logic to our current
cohort, only women in the highest quartile for the MDS
had satisfactory compliance (median score of 8 out of a
possible 17). A similar level of compliance was also noted
for the ARFS (median score of 41 out of a possible 74), fur-
ther reinforcing the notion that there is still much room for
improving the diets of Australian women. However, it was
encouraging to observe in this cohort that satisfactory
adherence (i.e. Q4 scores) to both diet quality scores were
associated with moderate-to-large statistically significant
risk reductions in hypertension and non-fatal CVD.
Further, although our analysis was limited due to insuffi-
cient power to analyse all specific non-fatal CVD typesT
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separately, our findings indicate that diet can influence the
development of CVD risk factors differently and remains a
factor worth further exploration.

Analyses of whole diets through the use of diet quality
scores is a major strength of the current analysis. This is due
to their ability to summarise the complexity of diets, taking
into account the synergistic effects or interactions between
nutrients and foods which make up whole diets, a concept
which is ignored with the analysis of single nutrients/food
groups(33). It is important to mention that higher ARFS, indi-
cating better compliance with ADG, was associated with a
significantly reduced odds of non-fatal CVD and hyperten-
sion. However, we observed a markedly lower odds of
hypertension, and a statistically significant overall trend
for lower non-fatal CVD, with greater compliance to the
MDS. Interestingly, most scientific knowledge used as evi-
dence for the creation of current national dietary guidelines
is based on associations between foods or nutrients and
incidence of certain diseases. These studies have been vital
for building our baseline scientific knowledge within this
field, and prospective cohort analyses currently represent
the best methodology for understanding the long-term
impacts of dietary components in free-living participants.
However, given diet quality scores have been consistently
shown to be better predictors of health than any individual
dietary component(38), the next review of the evidence
informing the ADG should also consider building the body
of evidence around diet quality and long-term health.

For the current investigation, our exposure (diet), out-
comes (hypertension and non-fatal CVD) and covariates
(i.e. BMI and physical activity) relied on self-reported data,
thus representing a limitation of our study, due to the inher-
ent errors associated with self-reported data. It is worth not-
ing, however, that much of these data has been previous
validated in this cohort, including many of the covariates,
the use of the DQES and the use of self-reported outcomes
including hypertension and stoke. Further, the data pre-
sented in the current analysis are in line with the expected
number of non-fatal CVD in female Australian women,
based on other national estimates(46–48). However, it should
also be noted that despite the use of a directed acyclic
graph to inform covariate selection for the multivariate
analysis, residual confounding is possible and could be dis-
torting our findings.

Conclusion

Better diet quality scores were associated with a lower risk
of hypertension and non-fatal CVD within a sample of
middle-aged Australian women followed-up for over
15 years. In particular, we observed greater risk reduction
in hypertension with increasing adherence to the MDS
compared with the ARFS. These findings add to the evi-
dence base indicating that within an Australian context,
better adherence to the MedDiet is associated with a lower

risk of hypertension, but not necessarily non-fatal CVD.
Further, these findings indicate the need for updated
evidenced-based ADG and public health nutrition policies.
However, continued epidemiological analyses within
Australian cohorts are required to further develop an
understanding of whether MedDiet-inspired ADG will be
a useful strategy to protect and preserve the health of the
population.
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