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Abstract
Background: Poor diet, characterized by a low diet quality score, has been associated with greater prevelence of
obesity and hypertension. However, the evidence is inconsistent across diet quality scores and by sex. The aim was
to investigate the relationship between diet quality and obesity and hypertension.
Methods: Adults (n = 4908; age 45.2 ± 0.24 years) were included from the cross-sectional Australian Health Survey
2011–2013. Two 24-h dietary recalls were used to derive the dietary guideline index (DGI) and recommended food
score (RFS). Logistic regression investigated relationships between diet quality score and odds ratio of obesity,
hypertension and obesity-associated hypertension.
Results: In the highest tertile of DGI, but not RFS, individuals were less likely to be obese (men: OR 0.64, CI: 0.45,
0.92, P-trend = 0.014; women: 0.68, 0.48, 0.96, P-trend = 0.025) and to have central adiposity (men: 0.68, 0.48, 0.97,
P-trend = 0.030; women: 0.53, 0.37, 0.77, P-trend = 0.001) compared with the lowest tertile.
Men, but not women, in the highest tertile of DGI and RFS were less likely to be hypertensive (DGI: 0.56, 0.37, 0.85,
P-trend = 0.006; RFS: 0.62, 0.41, 0.94, P-trend = 0.021) compared with the lowest tertile. In men with obesity, but not
normal weight men or women, those in the highest tertile of DGI were less likely to be hypertensive (0.53, 0.36,
0.78, P-trend = 0.001) compared with the highest tertile.
Conclusions: Higher diet quality, as estimated using DGI, was associated with lower odds ratio of obesity in men
and women. Odds ratio of hypertension was lower in men, but not women, with a high diet quality score
compared with a low score, while obesity-associated hypertension was only associated with diet quality score in
men with obesity. Longitudinal studies are needed to evaluate whether diet quality predicts risk of obesity and
hypertension.
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Background
Non-communicable diseases, such as hypertension,
and obesity are among the leading causes of premature death [1]. An unhealthy diet is a major modifiable behavioral risk factor in the development of
obesity and hypertension [1]. Although a variety of
dietary recommendations for the management and
prevention of obesity and hypertension have been
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proposed [2], evidence is inconsistent and varies between measures of dietary intake used. Furthermore,
with 65 to 75 % of the incidence of hypertension directly related to obesity [3], the role of diet in obesityassociated hypertension is an important consideration
for the development of dietary guidelines.
Studies to date have focused primarily on the relationship between single nutrients and foods and obesity and hypertension [4, 5]. However, given foods are
not consumed in isolation, an increasing body of research is investigating total diet [6], or diet quality,
and its impact on disease [7]. Diet quality scores have
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most widely been assessed in relation to cardiovascular disease and cancer [8].
Although there have been studies on obesity and
hypertension [7, 9, 10], methodologies for deriving diet
quality scores vary [11] and findings differ by sex and
score used [10]. In a cross-sectional study, the Dietary
Guideline Index (DGI) was inversely associated with
central adiposity in men [7], while in a prospective
study, the Framingham nutritional risk score was inversely associated with obesity in women [12]. Similarly,
the Healthy Diet Indicator was inversely associated with
hypertension in men [10], while the Recommended Food
Score (RFS) was inversely associated with blood pressure
in both men and women.
As emphasized by the Dietary Patterns Methods
Project [13], comparison between diet quality methodologies across different health outcomes is needed to
strengthen the evidence base for future policy development. Diet quality scores based on adherence to the
Australian Dietary Guidelines (ADG; e.g. DGI) measure
overall diet, whereas those based on adherence to recommended food intakes (e.g. RFS) reflect healthy food
intakes only. Given that previous research has shown
that RFS predicts mortality, whereas non-RFS (based on
“unhealthy” foods) does not [14], an evaluation of the effectiveness of an overall diet score and a healthycomponent focused score is warranted to identify which
diet quality methodology is associated with odds ratio of
obesity and hypertension. Furthermore, to date, no study
has evaluated both DGI and RFS in relation to obesityrelated hypertension.
The present study adapted the DGI and RFS for use in
the Australian Health Survey (AHS), a nationallyrepresentative cross-sectional study of Australian households [15]. The aims of this analysis were to i) investigate the relationship between two diet quality scores and
obesity-related outcomes and hypertension and i)
identify whether two diet quality scores were associated
with obesity-related hypertension in Australian adults.

Methods
Subjects and study design

The present analyses were based on adults (19–85 y)
from a subset of the latest (2011/13) AHS [15]: the
Australian National Nutrition and Physical Activity Survey
(NNPAS; n = 4908). As described elsewhere [15], the AHS
is a population-based survey that sampled households in
urban and rural areas across all states and territories in
Australia. Dietary intakes and habits were estimated in the
NNPAS using two 24-h dietary recalls and a food habits
and attitudes questionnaire. Anthropometric and blood
pressure measures were collected by trained interviewers
at selected clinics or home visits.
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Study measures
Obesity-related outcomes

Body weight (BW; kg), height (cm) and waist circumference (WC; cm) measurements were measured on a
voluntary basis by trained interviewers using digital
scales, a stadiometer and a metal tape respectively.
Pregnant women were not measured. Subjects were
encouraged to remove their shoes and any heavy
clothing prior to having measurements taken. Body
mass index (BMI) was derived using Quetelet’s metric
(kg/m2). Standard cut offs for BMI and WC were applied: underweight/normal weight: BMI < 25 kg/m2;
overweight: BMI ≥ 25 kg/m2 and <30 kg/m2; obese:
BMI ≥ 30 kg/m2; and central adiposity: WC > 102 cm
(men) and >88 cm (women) [16].
Blood pressure and hypertension

Blood pressure measurements were voluntary. Systolic
(SBP) and diastolic blood pressure (DBP) measurements
were taken on the left arm, unless there was a prohibitive reason such as an injury. Interviewers undertook
two blood pressure readings using an automated blood
pressure monitor in which systolic and diastolic pressures were displayed. Individuals were categorized as
non-hypertensive (blood pressure <140/90 mmHg) and
hypertensive (≥140/90 mmHg). Data on hypertensive
medication were not recorded [15].
Socio-demographic characteristics

Socio-demographic characteristics were collected in the
NNPAS via interviewer-administered questionnaires.
Smoking was defined as ex-smoker, current smoker and
never smoked. Education status was operationalized as
low (some high-school or less), medium (high-school or
some high-school and/or certificate/diploma) and high
(tertiary qualification) [15]. Urban or rural location was
defined as major city, inner rural or other [15]. Physical
activity (PA) was assessed according to i) meeting PA
guidelines (150 min of PA per week and 150 min of PA
over 5 or more sessions per week) and ii) time spent
sedentary (minutes per day). Female life stage was operationalized as: never having menstruated, experiencing
menopause or post-menopause. Further details are provided elsewhere [15].
Dietary intake

An automated, multiple-pass, 24-h dietary recall was
used to provide quantitative information on foods and
beverages consumed on the day prior to interview based
on the Agricultural Research Service of the United States
Department of Agriculture Automated Multiple-Pass
Method [17]. The interview was divided into five phases:
quick list description of food and beverages consumed
the previous day, prompt to remember any omitted
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foods, information on time and eating occasion, further
details and a final probe to recall any omitted foods of
beverages [15]. A second 24-h recall, via telephone interview, was collected at least 8 days after the first interview. Nutrient intakes were derived from the 24-h
recalls using the Australian Supplement and Nutrient
Database 2011–13, developed by Food Standards
Australia New Zealand [18]. Information on type of milk
consumed, usual daily intake of fruit and vegetables and
use of salt were collected in the NNPAS survey [15].
Energy misreporting was calculated as the ratio of energy intake to predicted total energy expenditure (using
sex and age-specific equations for a range of weight
status, assuming a PA level of "low active" PA level ≥ 1.4
and PA level < 1.6) [19].
Dietary guideline index

The DGI is a food-based score designed to reflect the
diet quality of subjects according to compliance with the
2013 ADG for Australian adults [20]. The DGI used in
the present study was based the DGI-2013 [21], and thus
comprised a total of 23 items (see Additional file 1:
Table S1), but was adapted from use in food frequency
questionnaires (FFQ) to use in the present 24-h recalls.
DGI scores ranged between 0 and 130, with a higher
score indicating better diet quality. Each item was scored
out of ten (zero indicating the guideline was not met).
Items with two sub-components were scored out of five.
Cut-offs used to obtain the maximum score for each
component were tailored to age and sex-specific foodbased recommendations outlined in the ADG [22]. Proportionate scores were derived where intakes fell between the maximum and minimum soring criteria for all
items except discretionary foods, saturated and unsaturated fat, salt, sugar and alcohol [23, 24].
A food variety score was estimated based on the
variety of foods consumed within the five core food
groups: fruit, vegetables, meat or meat alternatives, dairy
and cereals [25]. Foods scored 1 point if consumed
above a cut off (>15 g/d for beverages and >20 g/d for
foods), analogous to the RFS [26], and variety was
estimated within each core food group by summing
scores for each food group and dividing by the total
number of foods within each core food group. Scores
were summed across the five core food groups and
multiplied by two to create a score out of 10 [27]. Salt
intake was assessed using two questions from the food
habits and attitudes questionnaire: frequency of adding
salt during cooking and during a meal and saturated fat
intake was scored against the ratio of trimmed meat to
total meat intake and low fat milk to total milk intake.
Sub-components of cereal, meat and alternatives and
fluid intake captured information on the ratio of wholegrain bread to total bread, lean meat to total meat and
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water to total fluid intake, respectively. Total beverage
intake included milk and soy beverages, smoothies, fruit
and vegetable juices, low calorie cordials, low calorie soft
drinks, water, tea and coffee. Flavored milk drinks, fruit
drinks, high-sugar soft drinks, cordials and alcohol were
not included in total beverage intake due to the associations
with dental caries, weight gain and diabetes [28], but were
included as “Discretionary foods”. “Discretionary foods”, defined as energy-dense foods and drinks that are not essential to nutrition, included sugar-sweetened beverages, sweet
and salty snacks and confectionary, cakes and pastries,
high-fat processed meats and dishes, pies, fried foods, ice
cream and other dairy desserts, cream, butter and spreads
and alcoholic beverages [29]. Cut-offs for discretionary food
intakes were sourced from the ADG companion resource
for educators [22]. Unsaturated fats included intakes of
nuts, seeds and margarine, while added sugar included
confectionary, jam, marmalade, honey, syrup and sugarsweetened beverages.
Recommended food score

The RFS is a food-based diet variety score calculated based
on the frequency of consumption of foods from five core
food groups: fruits (6 items), vegetables (9 items), wholegrains (4 items), lean meats and alternatives (2 items) and
low-fat dairy (2 items). Scores ranged between 0 and 23,
with a higher score indicating a better diet quality. Scoring
was based on a method by Kant and Graubaud [30] for use
with 24-h recall data, where foods were assigned a score of
1 if they were consumed above the minimum amount
threshold: 15 g/d for non-beverages and 30 g/d for beverages. Two additional methods for calculated RFS were
tested. The first of these methods assigned a score of 1 for
each recommended food if consumption was ≥0.5 servings
over the 2 day recalls [27]. The second additional method
was based on sex-specific median cut offs for consumers,
where a score of 1 was allocated if consumption was above
the median cut off [31].
Statistical analyses

Participants were excluded from the present analyses if
they i) were pregnant and/or breastfeeding ii) had missing data for outcomes and covariates ii) only 1 day of
dietary recall. All analyses were conducted for men and
women separately. Variables were tested for skewness
and kurtosis and were log transformed if not normally
distributed. BW, BMI, and WC were log transformed
prior to analysis. Tertiles of diet quality score were selected as the optimum methodology for evaluating variations in diet quality score based on maximizing power
from the sample size and previous literature [32]. Linear
regression and chi squared tests were used to test for
significant differences in participant characteristics
across tertile of diet quality score and in diet quality
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score between sexes for categorical and continuous variables respectively. To answer our primary research question (Does the odds ratio of obesity, central adiposity
and hypertension vary by tertile of diet quality score?),
multi-variable-adjusted logistic regression analyses were
performed. To assess these relationships in continuous
outcomes multiple linear regression analyses were performed. Analyses were adjusted for age (continuous),
smoking (categorical), physical activity (whether met PA
recommendations; binary), education (categorical), urban
or rural location (categorical), energy misreporting (ratio
of energy intake to predicted total energy expenditure;
continuous), dieting or atypical dietary intake on day of
reporting (categorical) and female life stage (categorical; women only). Hypertension-related outcomes were
further adjusted for BMI (continuous). To answer our secondary research question (Does the odds ratio of hypertension by tertile of diet quality score vary according to
obesity status of the population?), multi-variable-adjusted
logistic regression analyses stratified by BMI status (normal weight vs. overweight or obese) and by central adiposity (no central adiposity vs. central adiposity) were
performed. Analyses were adjusted for the same covariates
mentioned above with the exception of BMI.
Data were analyzed using Stata (version 14; StataCorp., College Station, TX, USA) using survey weightings for analyzing complex survey data to account for
the survey design. These weightings were specifically
designed to account for bias associated with those
who volunteered to complete the second day of dietary recalls (64 %; n = 7735). Weighting was calibrated
to align with independent benchmarks in designated
categories of sex by age and area of usual residence
[15]. P < 0.05 was considered statistically significant.

Results
As summarized in Fig. 1, a total of 4908 individuals (age
45.2 ± 0.24 years) were included in the present analyses
(men: n = 2346; women: n = 2562). Mean DGI and RFS
were higher in women compared with men (P < 0.001;
Additional file 1: Table S1 and Table S2 respectively). For
DGI components and sub-components, women scored
better than men on 12 out of 23 items (Additional file 1:
Table S1), while for RFS, women scored better on five out
of 21 components (Additional file 1: Table S2).
Compared with those in the lowest tertile, men and
women in the highest tertile of DGI were older and
smoked less (P < 0.001). Among men, those in the highest tertile of DGI, had higher levels of education and
more individuals met PA recommendations (P < 0.001).
Among women, PA (P = 0.004) and SBP (P = 0.007) were
higher in the highest tertile of DGI, while time spent
sedentary was lower (P = 0.007; Table 1). Results were
similar for RFS (Additional file 1: Table S3).
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Obesity

As summarized in Tables 2 and 3, in the highest tertile
of DGI, compared with the lowest, men and women
were less likely to be overweight or obese (P-trend =
0.014 and P-trend = 0.025 respectively) and have central
adiposity (P-trend = 0.030 and P-trend = 0.001 respectively). Although the direction of the relationship was the
same for RFS, no significant relationships between RFS
and odds ratio of overweight or obesity, or central adiposity were observed. Results were comparable when estimated according to the two alternative RFS (data not
shown).
Linear regression analyses identified that among men,
DGI was inversely associated with BMI (P = 0.004), BW
(P = 0.040) and WC (P < 0.001), whereas no significant relationships were identified in women (Additional file 1:
Table S4). RFS was not significantly associated with any
obesity outcomes.
Hypertension

Men in the highest tertile of DGI and RFS, were less
likely to be hypertensive (P-trend = 0.006 and P-trend =
0.021 respectively) compared with the lowest tertile. No
relationships between diet quality and hypertension were
identified in women. The pattern of results were comparable when estimated according to alternative RFS
(data not shown).
Linear regression analyses confirmed that DGI and
RFS were significantly inversely associated with SBP
(P = 0.006 and P = 0.009 respectively) and RFS was
significantly inversely associated with DBP (P = 0.005)
in men but not women (Additional file 1: Table S4).
Obesity-related hypertension

When stratified by overweight and obesity, in the highest
tertile of DGI, the odds ratio of hypertension was lower
in men who were overweight and obese (OR 0.53, CI:
0.35, 0.78; P-trend = 0.001) and men with central adiposity (OR 0.49, CI: 0.31, 0.76; P-trend = 0.002) compared
with the lowest tertile of DGI (Fig. 2). No significant differences were observed for normal weight men and men
with no central adiposity. Furthermore, no findings were
significant for RFS in men and for any associations in
women.

Discussion
The aims of this study were to investigate the relationship between two measures of diet quality and
obesity and hypertension in a nationally-representative
sample of Australian adults. The main findings are
that a higher diet quality score, as estimated using
DGI, was associated with lower odds ratio of being
overweight or obese in men and women. We also
identified that a higher diet quality score, using both
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Fig. 1 Flow diagram of subjects included in the cross-sectional analysis of the Australian National Nutrition and Physical Activity Survey

DGI and RFS, was strongly inversely associated with
hypertension, but in men only. Moreover, we observed that DGI was associated with lower odds ratio
of hypertension in men who were overweight and
obese only. These findings highlight the differing potential of these two diet quality scores to estimate relationships with disease, how their applicability may
vary between men and women and how diet quality
may play a role in obesity-associated hypertension.
Although the evidence in relation to diet quality score
and obesity is inconsistent [33], our findings are comparable with previous studies, where relationships have
been identified in either men or women only [7, 12, 34]
or both [9]. After a 16-year follow up, the Framingham
Nutrition Study identified that women with lower diet
quality were more likely to become overweight or obese
compared with those with higher diet quality [12]. A further study identified that after a 13-year follow up, men
with a higher diet quality score were less likely to be
obese, but that results were weaker or non-significant in
women [34]. In a previous cross-sectional, nationally
representative study in Australian adults the DGI was inversely associated with central adiposity in men and no
association with obesity was observed in women [7]. To

date, our study is the second to evaluate the relationship
between DGI and obesity in the Australian population
and is the first to compare two diet quality scores in this
context [7]. Although both the current study and that of
McNaughton et al. estimated diet quality using the DGI
adapted to the Australian population, differing methodologies (FFQ vs 24-h recall) may account for the sex
discrepancies.
Our findings in relation to diet quality and hypertension are confirmed by previous studies [7, 10, 30, 35].
The most widely cited of these studies is the Dietary
Approaches to Stop Hypertension (DASH) study, in which
a diet high in fruit and vegetables and low-fat dairy products and low in processed meat, reduced SBP and DBP by
5.5 and 3.0 mmHg more, respectively, than the control
diet in men and women [35]. More recently, in two studies in men only, lower diet quality score has been associated with greater odds ratio of hypertension compared
with a higher score [7, 10]. The reason for a lack of association in women in the present study may be due the
higher diet quality scores observed in women, which suggests that women were more health-motivated [36] and
thus may have changed their diet to reduce their risk of
hypertension.
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Table 1 Participant characteristics according to tertile (T) of Dietary Guideline Index (DGI) (n = 4908)a
Overall

P-trendb

Dietary Guideline Index
T1

T2

T3

Men
n

2346

865

755

726

-

DGI score

79.2 ± 0.47

64.1 ± 0.38

80.5 ± 0.21

95.7 ± 0.40

<0.001

Age, y

45.2 ± 0.24

43.2 ± 0.70

46.6 ± 0.81

46.3 ± 0.87

0.018

Low

19.9

24.6

18.4

15.8

<0.001

Medium

54.1

56.2

56.2

49.4

High

26.0

19.2

25.4

34.9

Current smoker

18.8

28.6

14.9

11.2

Ex-smoker

34.9

32.4

39.0

33.6

Never smoked

46.3

39.0

46.2

55.2

Sedentary behavior, min/d

363 ± 6.3

375 ± 8.5

343 ± 9.7

370 ± 10.9

0.60

Meet recommendations, %

47.2

40.4

47.5

55.0

<0.001

27.7 ± 0.15

27.9 ± 0.30

27.4 ± 0.26

27.6 ± 0.27

0.53

Underweight/normal weight

30.8

30.2

31.2

31.1

0.25

Overweight

42.9

39.5

44.8

44.9

26.4

30.3

24.1

24.0

Education, %

Smoking, %
<0.001

Physical activity

BMI, kg/m2

c

BMI category, %

Obese
c

Waist circumference, cm

97.7 ± 0.38

98.6 ± 0.73

97.1 ± 0.64

97.1 ± 0.66

0.22

Systolic blood pressure, mmHg

125.5 ± 0.59

126.5 ± 1.16

125.6 ± 0.73

124.4 ± 0.78

0.14

Diastolic blood pressure, mmHg

77.1 ± 0.31

77.6 ± 0.59

77.0 ± 0.55

76.6 ± 0.48

0.15

n

2562

757

885

920

-

DGI score

80.9 ± 0.48

64.7 ± 0.48

80.4 ± 0.17

94.6 ± 0.29

<0.001

Age, y

46.9 ± 0.30

42.2 ± 0.79

47.0 ± 0.63

50.5 ± 0.73

<0.001

Low

27.2

27.1

25.6

28.8

0.038

Medium

43.0

47.4

45.4

37.1

High

29.8

25.5

29.1

34.0

Current smoker

14.4

21.9

13.5

9.1

Ex-smoker

28.0

27.7

27.9

28.2

Never smoked

57.7

50.4

58.6

62.7

Women

Education, %

Smoking, %
<0.001

Physical activity
Sedentary behavior, min/d

313 ± 4.0

336 ± 10.4

312 ± 8.3

296 ± 6.7

0.007

Meet recommendations, %

43.9

36.8

44.2

49.3

0.004

27.0 ± 0.20

27.2 ± 0.40

26.7 ± 0.27

27.1 ± 0.33

0.86

Underweight/normal weight

44.8

43.3

44.8

46.0

0.84

Overweight

29.6

31.2

30.1

27.7

BMI, kg/m2

c

BMI category, %

Obese

a

25.7

25.6

25.1

26.4

Waist circumference, cmc

87.3 ± 0.47

87.6 ± 0.94

86.9 ± 0.72

87.4 ± 0.72

0.96

Systolic blood pressure, mmHg

119.5 ± 0.46

116.9 ± 0.99

120.1 ± 0.85

121.1 ± 0.95

0.007

Diastolic blood pressure, mmHg

76.0 ± 0.32

75.7 ± 0.68

76.0 ± 0.54

76.2 ± 0.54

0.58

Values represent means ± SD or percentages
b
Linear regression and chi squared tests were used to test for significant differences between groups in continuous and categorical variables, respectively
c
Data were log-transformed prior to analyses; values represent the geometric mean ± SD
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Table 2 Multi-variable-adjusted odds ratio and 95 % CI of
obesity and hypertension per tertile (T) of Dietary Guideline
Index (DGI) in a nationally representative sample of Australian
men (n = 2346) and women (n = 2562)
T2

Table 3 Multi-variable-adjusted odds ratio and 95 % CI of
obesity and hypertension per tertile (T) of Recommended Food
Score (RFS) in a nationally representative sample of Australian
men (n = 2346) and women (n = 2562)

P-trenda

Dietary guideline index
T1
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Recommended food score
T1
T2
T3

T3

Overweight and obese

Overweight and obese

Menb

Menb
Cases, n

587

547

501

-

Cases, n

631

566

439

-

70.0

70.1

71.4

-

Proportion, %

71.3

70.0

69.8

-

Proportion, %

Crude

1.0

0.94 (0.68, 1.31)

0.92 (0.65, 1.32)

0.68

Crude

1.0

1.01 (0.77, 1.32)

1.07 (0.77, 1.49)

0.70

Model 1

1.0

0.85 (0.60, 1.19)

0.84 (0.59, 1.20)

0.32

Model 1

1.0

0.87 (0.66, 1.15)

0.79 (0.54, 1.15)

0.19

Model 2

1.0

0.71 (0.49, 1.02)

0.64 (0.45, 0.92)

0.014

Model 2

1.0

0.87 (0.65, 1.19)

0.86 (0.56, 1.32)

0.43

Women

Women
Cases, n

404

505

551

-

Cases, n

454

540

426

-

56.0

59.9

52.8

-

Proportion, %

58.1

56.9

55.1

-

Proportion, %

Crude

1.0

0.95 (0.71, 1.28)

0.89 (0.65, 1.21)

0.43

Crude

1.0

1.17 (0.93, 1.49)

0.88 (0.66, 1.18)

0.41

0.06

Model 1

1.0

1.06 (0.86, 1.42)

0.72 (0.53, 0.97)

0.037

0.025

Model 2

1.0

1.24 (0.93, 1.66)

0.92 (0.65, 1.32)

0.70

Model 1

1.0

Model 2

1.0

0.88 (0.65, 1.20)
0.83 (0.58, 1.19)

0.75 (0.55, 1.02)
0.68 (0.48, 0.96)

Central adiposity

Central adiposity

Men

Men
Cases, n

508

461

430

-

Cases, n

542

470

389

-

59.2

57.9

62.8

-

Proportion, %

61.0

58.3

59.4

-

Proportion, %

Crude

1.0

0.89 (0.65, 1.22)

0.94 (0.68, 1.30)

0.66

Crude

1.0

0.95 (0.71, 1.26)

1.16 (0.90, 1.51)

0.33

Model 1

1.0

0.77 (0.58, 1.03)

0.78 (0.58, 1.06)

0.07

Model 2

1.0

0.80 (0.58, 1.10)

0.89 (0.62, 1.28)

0.41

Model 1

1.0

Model 2

1.0

0.77 (0.56, 1.05)
0.66 (0.48, 0.93)

0.83 (0.59, 1.19)
0.68 (0.48, 0.97)

0.29
0.030

Women

Women
Cases, n

494

597

606

-

Proportion, %

69.5

66.4

63.7

-

Crude

1.0

0.87 (0.61, 1.23)

0.77 (0.55, 1.07)

0.12

Model 1

1.0

0.71 (0.50, 1.02)

0.56 (0.41, 0.79)

0.001

Model 2
Hypertension

1.0

0.70 (0.47, 1.06)

0.53 (0.37, 0.77)

0.001

c

Cases, n

542

622

533

-

Proportion, %

65.4

68.1

65.1

-

Crude

1.0

1.13 (0.83, 1.54)

0.99 (0.70, 1.40)

0.96

Model 1

1.0

0.99 (0.70, 1.41)

0.75 (0.52, 1.08)

0.14

Model 2

1.0

1.10 (0.74, 1.64)

0.95 (0.62, 1.44)

0.82

Men
225

187

139

-

Proportion, %

27.0

23.6

19.1

-

Crude

1.0

0.84 (0.64, 1.10)

0.64 (0.45, 0.91)

0.011

Model 1

1.0

0.68 (0.51, 0.92)

0.53 (0.37, 0.76)

0.001

Model 2

1.0

0.67 (0.49, 0.93)

0.52 (0.35, 0.78)

0.001

Model 3

1.0

0.71 (0.52, 0.99)

0.56 (0.37, 0.85)

0.006

125

190

192

-

Proportion, %

17.6

21.1

20.2

-

Crude

1.0

1.26 (0.86, 1.85)

1.19 (0.75, 1.88)

0.48

Model 1

1.0

1.03 (0.67, 1.59)

0.81 (0.49, 1.34)

0.36

Model 2

1.0

1.08 (0.69, 1.69)

0.86 (0.50, 1.49)

0.54

Model 3

1.0

1.13 (0.73, 1.75)

0.90 (0.52, 1.53)

0.62

Data were analyzed using multi-variable-adjusted logistic regression. Model 1:
adjusted for age and education; Model 2: additionally adjusted for smoking, physical
activity, urban or rural location, energy intake misreporting and information on
whether a participant was on a diet and whether their dietary recall was typical of
their habitual consumption; Model 3: additionally adjusted for body mass index
b
Analyses were based on n = 2324 due to exclusion of underweight men
c
Hypertension was defined as blood pressure ≥140/90 mmHg

Cases, n

226

181

143

-

Proportion, %

24.7

22.3

23.2

-

Crude

1.0

0.88 (0.64, 1.19)

0.92 (0.67, 1.26)

0.53

Model 1

1.0

0.67 (0.48, 0.93)

0.55 (0.38, 0.79)

0.001

Model 2

1.0

0.73 (0.51, 1.04)

0.62 (0.41, 0.92)

0.017

Model 3

1.0

0.73 (0.51, 1.06)

0.62 (0.41, 0.94)

0.021

Women

Women
Cases, n

Cases, n

Hypertensionc

Men

a

P-trenda

a

Cases, n

162

172

173

-

Proportion, %

19.5

18.8

21.1

-

Crude

1.0

0.96 (0.63, 1.46)

1.10 (0.80, 1.53)

0.56

Model 1

1.0

0.74 (0.47, 1.18)

0.71 (0.49, 1.04)

0.08

Model 2

1.0

0.76 (0.46, 1.24)

0.77 (0.50, 1.17)

0.22

Model 3

1.0

0.73 (0.45, 1.19)

0.75 (0.49, 1.14)

0.18

Data were analyzed using multi-variable-adjusted logistic regression. Model
1: adjusted for age and education; Model 2: additionally adjusted for smoking,
physical activity, urban or rural location, energy intake misreporting and
information on whether a participant was on a diet and whether their dietary
recall was typical of their habitual consumption; Model 3: additionally adjusted
for body mass index
b
Analyses were based on n = 2324 due to exclusion of underweight men
c
Hypertension was defined as blood pressure ≥140/90 mmHg
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a

b

Fig. 2 Plot of odds ratio (OR) of hypertension by tertile of Dietary Guideline Index (DGI) in men included in the Australian Health Survey stratified
by a BMI status and b central adiposity, determined by multivariable logistic regression, with 95 % confidence intervals. Analyses were adjusted
for age, education level, smoking, physical activity, urban or rural location, energy intake misreporting, information on whether a participant was
on a diet and whether their dietary recall was typical of their habitual consumption. Tertile 1 of the DGI represented the lowest (unhealthiest)
score and was used as the reference (OR = 1). Underweight men (n = 22) were excluding from the BMI stratification analysis. Normal weight
(n = 630) was defined as BMI ≥ 18.5 and <25 kg/m2; Overweight or obese (n = 1694) was defined as BMI ≥ 25 kg/m2. Central adiposity (n = 1480)
was defined as waist circumference >102 cm and no central adiposity (n = 866) as waist circumference ≤102 cm

Our findings demonstrate that diet quality may play
an important role in lowering the odds ratio of hypertension in obese individuals. Interestingly, given the difference in ORs between tertiles of DGI, our data suggest
that even a moderately higher diet quality score (from
T1 to T2) is associated with a markedly lower odds ratio
of hypertension. With the management of diet and lifestyle identified by the Obesity Society and the American
Society of Hypertension as an important focus for the treatment of obesity-related hypertension [37], our findings
suggest that improving diet quality could be a valuable
strategy. Nonetheless, further research into the mechanism of obesity-associated hypertension are needed to better understand the role that diet quality may have.
The present study compared odds ratios of obesity and
hypertension using two diet quality scores: DGI, a 23-item
component score which considers the total diet and includes both “healthy” (13 DGI foods/beverages that’s consumption is recommended) and “unhealthy” (10 DGI
foods/beverages that’s consumption should be limited)

components (DGI) and the RFS, which is based on 5 recommended food groups only. Both scores provided a valuable insight into how poorly Australians are adhering to
the ADG. As observed previously [38], no associations between RFS and obesity-related outcomes were observed.
These findings may be due to the use of 24 h recalls,
which may not adequately capture the dietary exposures
used in the RFS. Nevertheless, a recent systematic review
and meta-analysis concluded that diet diversity scores,
which share similarities with the RFS, were not associated
with obesity in cross-sectional studies [39]. This suggests
that the disparity in inclusion of “unhealthy” food groups
between scores may be the reason for a lack of significant
findings. Importantly, associations between obesity and
“unhealthy” foods included in the DGI, such as salt [40],
are well established and thus the lack of inclusion of these
food groups in the RFS may be critical for its ability to accurately estimate relationships with obesity. Further studies are warranted to better understand the applicability of
different diet quality scores to different health outcomes.

Livingstone and McNaughton BMC Public Health (2016) 16:1037

Strengths and limitations

The present study has a number of strengths. Given
this study was conducted in a large, nationally representative sample of Australian adults, our results are
generalizable to the wider Australian population. Importantly, we derived two independent diet quality
scores, which facilitated a comparison between an
overall DGI and a RFS. The strengths of using these
dietary assessment tools is that that they capture intakes of food groups consistent with Australian policy on dietary recommendations, thereby providing
substantiating evidence for their population benefits.
Diet quality scores used in the present study were
the first scores to be adapted to a 24-h recall using
age and sex-specific cut-offs, thus providing a resource for future applications of diet quality scores
to 24-h recalls.
A limitation of this study was that due to its crosssectional design we were unable to infer any causal relationships between diet quality score and obesity and
hypertension. In addition, while our analyses were adjusted for multiple confounders, including energy misreporting, we cannot discount the possibility of residual
confounding. Prospective studies are warranted to determine whether higher diet quality scores will predict
lower odds ratio of obesity and hypertension in the future. Although diet quality scores have many practical
advantages, they focus on selected food groups and
therefore do not account for the overall correlated structure of dietary patterns. Furthermore, adaption of the
DGI-2013 for use in the present study may have introduced differences compared with previous studies. However, these are likely to be minimal, given that the
consistency of food groupings, criteria and approach to
scoring of the DGI used in the present study were consistent with the original methodology and the ADG.
Implications of findings

Our findings have two major implications for the development of future dietary guidelines. Firstly, we demonstrated the importance of inclusion of “unhealthy”
components in dietary guidelines for effectively capturing odds ratio of obesity and hypertension. Secondly, we
highlighted the potential for diet quality in the management of obesity-related hypertension. The present study
thus provides substantiation for the ADG and incentive
for their future implementation and translation.

Conclusions
Higher diet quality, as estimated using DGI, was associated with lower odds ratio of obesity in both men and
women. Among men only, diet quality was associated
with lower odds ratio of hypertension and obesityrelated hypertension. Longitudinal studies are warranted
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to evaluate whether diet quality predicts risk of obesity
and hypertension in men and women.

Additional file
Additional file 1: Diet quality score component scores, participant
charactertistics and continuous outcomes. (DOCX 34 kb)
Abbreviations
ADG: Australian Dietary Guidelines; AHS: Australian Health Survey; BMI: Body
mass index; DBP: Diastolic blood pressure; DGI: Dietary guideline index;
FFQ: Food frequency questionnaire; NNPAS: Australian National Nutrition and
Physical Activity Survey; PA: Physical activity; RFS: Recommended food score;
SBP: Systolic blood pressure
Acknowledgments
KML acknowledges Rebecca Leech for her advice towards the statistical
analyses.
Funding
KML acknowledges support from the Australian Department of Education
Endeavour Fellowship and the Alfred Deakin Postdoctoral Research
Fellowship. SAM acknowledges support from the NHMRC Career
Development Fellowship (ID1104636).
Availability of data and materials
Data will not be shared. These data have been obtained from the Australia
Bureau of Statistics. On receipt of these datasets the authors agreed not to
reproduce, distribute or commercialise them, or any product or service
derived from incorporating them or part of them (whether or not
amounting to copyright reproduction). As recipients, the authors were
permitted to publish any analyses of the data, but not the data itself, subject
to the confidentiality conditions.
Authors’ contributions
KML, SAM contributed to the research design. KML performed the statistical
analysis for the manuscript and drafted the paper. All authors contributed to
a critical review of the manuscript during the writing process. All authors
approved the final version to be published.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The interview components of the Australian National Nutrition and Physical
Activity Survey were conducted under the Census and Statistics Act (CSA)
1905. Informed consent was sought from adults and from parents/legal
guardians of children through completion of a consent form. Permission to
access data used in the present study was granted by the Australian Bureau
of Statistics.
Received: 16 May 2016 Accepted: 23 September 2016

References
1. World Health Organization. 21 December 2015. Internet: http://www.who.
int/cardiovascular_diseases/publications/global_brief_hypertension/en/.
Accessed 12 Feb 2016.
2. Appel LJ, Brands MW, Daniels SR, Karanja N, Elmer PJ, Sacks FM. Dietary
approaches to prevent and treat hypertension: a scientific statement from
the American Heart Association. Hypertension. 2006;47(2):296–308. http://dx.
doi.org/10.1161/01.HYP.0000202568.01167.B6.
3. Garrison RJ, Kannel WB, Stokes J, Castelli WP. Incidence and precursors of
hypertension in young adults: the Framingham offspring study. Prev Med.
1987;16(2):235–51. http://dx.doi.org/10.1016/0091-7435(87)90087-9.

Livingstone and McNaughton BMC Public Health (2016) 16:1037

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.
15.
16.

17.
18.

19.

20.
21.

22.
23.

24.

25.

Guallar-Castillón P, Rodríguez-Artalejo F, Fornés NS, Banegas JR, Etxezarreta
PA, Ardanaz E, Barricarte A, Chirlaque M-D, Iraeta MD, Larrañaga NL, et al.
Intake of fried foods is associated with obesity in the cohort of Spanish
adults from the European Prospective Investigation into Cancer and
Nutrition. Am J Clin Nutr. 2007;86(1):198–205.
Wang H, Fox CS, Troy LM, Mckeown NM, Jacques PF. Longitudinal
association of dairy consumption with the changes in blood pressure and
the risk of incident hypertension: the Framingham Heart study. Br J Nutr.
2015;114(11):1887–99. http://dx.doi.org/10.1017/S0007114515003578.
Imamura F, Micha R, Khatibzadeh S, Fahimi S, Shi P, Powles J, Mozaffarian D.
Dietary quality among men and women in 187 countries in 1990 and 2010:
a systematic assessment. Lancet Glob Health. 3(3):e132–42. http://dx.doi.org/
10.1016/S2214-109X(14)70381-X.
McNaughton SA, Dunstan DW, Ball K, Shaw J, Crawford D. Dietary quality is
associated with diabetes and cardio-metabolic risk factors. J Nutr. 2009;
139(4):734–42. doi:10.3945/jn.108.096784.
Reedy J, Krebs-Smith SM, Miller PE, Liese AD, Kahle LL, Park Y, Subar AF.
Higher diet quality is associated with decreased risk of all-cause,
cardiovascular disease, and cancer mortality among older adults. J Nutr.
2014;144(6):881–9. http://dx.doi.org/10.3945/jn.113.189407.
Sundararajan K, Campbell MK, Choi YH, Sarma S. The relationship between
diet quality and adult obesity: evidence from Canada. J Am Coll Nutr. 2014;
33(1):1–17.
Kanauchi M, Kanauchi K. Diet quality and adherence to a healthy diet in
Japanese male workers with untreated hypertension. BMJ Open. 2015;5(7),
e008404. doi:10.1136/bmjopen-2015-008404.
Schatzkin A, Kipnis V, Carroll RJ, Midthune D, Subar AF, Bingham S, Schoeller
DA, Troiano RP, Freedman LS. A comparison of a food frequency
questionnaire with a 24-h recall for use in an epidemiological cohort study:
results from the biomarker-based Observing Protein and Energy Nutrition
(OPEN) study. Int J Epidemiol. 2003;32(6):1054–62. doi:10.1093/ije/dyg264.
Wolongevicz DM, Zhu L, Pencina MJ, Kimokoti RW, Newby PK, D'Agostino
RB, Millen BE. Diet quality and obesity in women: the Framingham Nutrition
Studies. Br J Nutr. 2010;103(08):1223–9. doi:10.1017/S0007114509992893.
Liese AD, Krebs-Smith SM, Subar AF, George SM, Harmon BE, Neuhouser
ML, Boushey CJ, Schap TE, Reedy J. The dietary patterns methods project:
synthesis of findings across cohorts and relevance to dietary guidance. J
Nutr. 2015;145(3):393–402. doi:10.3945/jn.114.205336.
Michels KB, Wolk A. A prospective study of variety of healthy foods and mortality
in women. Int J Epidemiol. 2002;31(4):847–54. doi:10.1093/ije/31.4.847.
Australian Bureau of Statistics. Internet: http://www.abs.gov.au/ausstats/
abs@.nsf/Lookup/4363.0.55.001Chapter1002011-13. Accessed 21 Dec 2015
World Health Organization. 21 July 2015. Internet: http://www.who.int/
nutrition/publications/obesity/WHO_report_waistcircumference_and_
waisthip_ratio/en/. Accessed 3 Dec 2015.
Bliss R. Researchers produce innovation in dietary recall. Agric Res. 2004;
52(6):10–2.
Food Standards Australia New Zealand. 3 February 2016. Internet: http://
www.foodstandards.gov.au/science/monitoringnutrients/ausnut/Pages/
about.aspx. Accessed 12 Dec 2015
Huang TT, Roberts SB, Howarth NC, McCrory MA. Effect of screening out
implausible energy intake reports on relationships between diet and BMI.
Obes Res. 2005;13(7):1205–17.
National Health and Medical Research Council. Eat for health: Australian Dietary
Guidelines. Canberra: National Health and Medical Research Council; 2013.
Thorpe M, Milte C, Crawford D, McNaughton S. A revised Australian Dietary
Guideline Index and its association with key sociodemographic factors,
health behaviors and body mass index in peri-retirement aged adults.
Nutrients. 2016;8(3):160.
National Health and Medical Research Council. Educator Guide. Canberra:
National Health and Medical Research Council; 2013.
Waijers PMCM, Feskens EJM, Ocké MC. A critical review of predefined diet
quality scores. Br J Nutr. 2007;97(02):219–31. doi:10.1017/
S0007114507250421.
Wirfält E, Drake I, Wallström P. What do review papers conclude about food
and dietary patterns? Food Nutr Res. 2013;57:10.3402/fnr.v57i0.20523. doi:
10.3402/fnr.v57i0.20523.
McNaughton SA, Ball K, Crawford D, Mishra GD. An index of diet and eating
patterns is a valid measure of diet quality in an Australian population. J
Nutr. 2008;138(1):86–93.

Page 10 of 10

26. Kant AK, Schatzkin A, Graubard BI, Schairer C. A prospective study of diet
quality and mortality in women. JAMA. 2000;283(16):2109–15. doi:10.1001/
jama.283.16.2109.
27. Golley RK, Hendrie GA, McNaughton SA. Scores on the dietary guideline
index for children and adolescents are associated with nutrient intake and
socio-economic position but not adiposity. J Nutr. 2011;141(7):1340–7. doi:
10.3945/jn.110.136879.
28. Vartanian LR, Schwartz MB, Brownell KD. Effects of soft drink consumption
on nutrition and health: a systematic review and meta-analysis. Am J Public
Health. 2007;97(4):667–75. doi:10.2105/AJPH.2005.083782.
29. Australian Bureau of Statistics. Internet: http://www.abs.gov.au/ausstats/
abs@.nsf/Lookup/4363.0.55.001Chapter6702011-13. Accessed 22 Jan 2016.
30 Kant AK, Graubard BI. A comparison of three dietary pattern indexes for
predicting biomarkers of diet and disease. J Am Coll Nutr. 2005;24(4):294–
303. doi:10.1080/07315724.2005.10719477.
31 McNaughton SA, Bates CJ, Mishra GD. Diet quality is associated with allcause mortality in adults aged 65 years and older. J Nutr. 2012;142(2):320–5.
doi:10.3945/jn.111.148692.
32 Aljadani H, Patterson A, Sibbritt D, Collins CE. Diet quality and weight
change in adults over time: a systematic review of cohort studies. Curr Nutr
Rep. 2015;4(1):88–101. doi:10.1007/s13668-014-0115-1.
33 de Oliveira Otto MC, Padhye NS, Bertoni AG, Jacobs Jr DR, Mozaffarian D.
Everything in moderation - dietary diversity and quality, central obesity and
risk of diabetes. PLoS One. 2015;10(10), e0141341. doi:10.1371/journal.pone.
0141341.
34 Lassale C, Fezeu L, Andreeva VA, Hercberg S, Kengne AP, Czernichow S,
Kesse-Guyot E. Association between dietary scores and 13-year weight
change and obesity risk in a French prospective cohort. Int J Obes (Lond).
2012;36(11):1455–62.
35 Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, Bray
GA, Vogt TM, Cutler JA, Windhauser MM, et al. A clinical trial of the effects
of dietary patterns on blood pressure. N Engl J Med. 1997;336(16):1117–24.
doi:10.1056/NEJM199704173361601.
36 French SA, Jeffery RW, Wing RR. Sex differences among participants in a
weight-control program. Addict Behav. 1994;19(2):147–58. http://dx.doi.org/
10.1016/0306-4603(94)90039-6.
37 Landsberg L, Aronne LJ, Beilin LJ, Burke V, Igel LI, Lloyd-Jones D, Sowers J.
Obesity-related hypertension: pathogenesis, cardiovascular risk, and
treatment—a position paper of the the obesity society and the American
Society of Hypertension. Obesity. 2013;21(1):8–24. doi:10.1002/oby.20181.
38 Aljadani HM, Patterson AJ, Sibbritt D, CE. C. Diet quality and six-year risk of
overweight and obesity among mid-age Australian women who were
initially in the healthy weight range. Health Promot J Austr. 2015 Nov 16.
doi: 10.1071/HE14070. [Epub ahead of print]
39 Salehi-Abargouei A, Akbari F, Bellissimo N, Azadbakht L. Dietary diversity
score and obesity: a systematic review and meta-analysis of observational
studies. Eur J Clin Nutr. 2016;70(1):1–9. doi:10.1038/ejcn.2015.118.
40 Ma Y, He FJ, MacGregor GA. High salt intake: independent risk factor for
obesity? Hypertension. 2015. doi:10.1161/hypertensionaha.115.05948.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

