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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, Cl: 0.45,
0.92, P-trend = 0.014; women: 0.68, 048, 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, 041, 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 DGlI, 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 prema-
ture death [1]. An unhealthy diet is a major modifi-
able 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 be-
tween measures of dietary intake used. Furthermore,
with 65 to 75 % of the incidence of hypertension dir-
ectly related to obesity [3], the role of diet in obesity-
associated hypertension is an important consideration
for the development of dietary guidelines.

Studies to date have focused primarily on the rela-
tionship between single nutrients and foods and obes-
ity and hypertension [4, 5]. However, given foods are
not consumed in isolation, an increasing body of re-
search 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 cardiovascu-
lar 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 in-
versely 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 method-
ologies across different health outcomes is needed to
strengthen the evidence base for future policy develop-
ment. Diet quality scores based on adherence to the
Australian Dietary Guidelines (ADG; e.g. DGI) measure
overall diet, whereas those based on adherence to rec-
ommended 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 ef-
fectiveness of an overall diet score and a healthy-
component 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 REFS in relation to obesity-
related hypertension.

The present study adapted the DGI and RFS for use in
the Australian Health Survey (AHS), a nationally-
representative cross-sectional study of Australian house-
holds [15]. The aims of this analysis were to i) investi-
gate 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 vy)
from a subset of the latest (2011/13) AHS [15]: the
Australian National Nutrition and Physical Activity Survey
(NNPAS; 7 =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 circum-
ference (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/m?). Standard cut offs for BMI and WC were ap-
plied: underweight/normal weight: BMI <25 kg/m?
overweight: BMI>25 kg/m® and <30 kg/m? obese:
BMI>30 kg/m?% 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 prohibi-
tive reason such as an injury. Interviewers undertook
two blood pressure readings using an automated blood
pressure monitor in which systolic and diastolic pres-
sures were displayed. Individuals were categorized as
non-hypertensive (blood pressure <140/90 mmHg) and
hypertensive (2140/90 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 opera-
tionalized as: never having menstruated, experiencing
menopause or post-menopause. Further details are pro-
vided 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 inter-
view, was collected at least 8 days after the first inter-
view. 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 en-
ergy 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.
DG@GI 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 food-
based recommendations outlined in the ADG [22]. Pro-
portionate scores were derived where intakes fell be-
tween the maximum and minimum soring criteria for all
items except discretionary foods, saturated and unsatur-
ated 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 whole-
grain 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”, de-
fined as energy-dense foods and drinks that are not essen-
tial 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 sugar-
sweetened beverages.

Recommended food score

The REFS 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), whole-
grains (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 bever-
ages. 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 miss-
ing 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 se-
lected as the optimum methodology for evaluating varia-
tions 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 vari-
ables respectively. To answer our primary research ques-
tion (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 per-
formed. 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 (categor-
ical; women only). Hypertension-related outcomes were
further adjusted for BMI (continuous). To answer our sec-
ondary research question (Does the odds ratio of hyper-
tension by tertile of diet quality score vary according to
obesity status of the population?), multi-variable-adjusted
logistic regression analyses stratified by BMI status (nor-
mal weight vs. overweight or obese) and by central adipos-
ity (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; Stata-
Corp., College Station, TX, USA) using survey weight-
ings 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 diet-
ary 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
452 + 0.24 years) were included in the present analyses
(men: 7 =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 high-
est 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 respect-
ively). 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 adi-
posity were observed. Results were comparable when es-
timated 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 re-
lationships 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 RES, 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 com-
parable 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, CIL:
0.35, 0.78; P-trend = 0.001) and men with central adipos-
ity (OR 0.49, CIL: 0.31, 0.76; P-trend = 0.002) compared
with the lowest tertile of DGI (Fig. 2). No significant dif-
ferences 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 rela-
tionship 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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Subjects included in the Australian
National Nutrition and Physical
Activity Survey
n=12153

-
v

Adults included
n=9341

v

EXCLUDED (Total = 2812):
e Non-adults (<19 years)

DATA AVAILABLE FOR ANALYSIS
n=4908

Fig. 1 Flow diagram of subjects included in the cross-sectional analysis of the Australian National Nutrition and Physical Activity Survey

EXCLUDED (Total = 4433)
1. INELIGIBLE (n = 3436)
e Pregnantn=116
e Breastfeeding n =110
e 1 day of dietary recall n = 3288

2. MISSING DATA (n =4370)

e BMI/ waist circumference/
body weight n = 1799

e Energy misreporting n = 4007

e Socioeconomic status n = 143

e  Physical activity n = 89

e Systolic/ diastolic blood
pressure n =1336

DGI and RFS, was strongly inversely associated with
hypertension, but in men only. Moreover, we ob-
served that DGI was associated with lower odds ratio
of hypertension in men who were overweight and
obese only. These findings highlight the differing po-
tential of these two diet quality scores to estimate re-
lationships 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 compar-
able 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 fur-
ther 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 in-
versely 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 method-
ologies (FFQ vs 24-h recall) may account for the sex
discrepancies.

Our findings in relation to diet quality and hyperten-
sion 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 prod-
ucts 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 stud-
ies in men only, lower diet quality score has been associ-
ated with greater odds ratio of hypertension compared
with a higher score [7, 10]. The reason for a lack of associ-
ation in women in the present study may be due the
higher diet quality scores observed in women, which sug-
gests 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)°

Overall Dietary Guideline Index P-trend®
T1 T2 T3
Men
n 2346 865 755 726 -
DGl score 792+ 047 64.1+0.38 80.5+0.21 95.7 £ 040 <0.001
Age, y 452+024 432+070 46.6 £081 46.3 £0387 0018
Education, %
Low 199 24.6 184 15.8 <0.001
Medium 54.1 56.2 56.2 494
High 26.0 19.2 254 349
Smoking, %
Current smoker 188 286 149 11.2 <0.001
Ex-smoker 349 324 39.0 33.6
Never smoked 46.3 390 46.2 552
Physical activity
Sedentary behavior, min/d 363+63 375+85 343+97 370+ 109 0.60
Meet recommendations, % 472 404 475 550 <0.001
BMI, kg/m? © 277 +0.15 279+0.30 274+0.26 276+0.27 0.53
BMI category, %
Underweight/normal weight 308 302 312 311 0.25
Overweight 429 395 448 449
Obese 264 303 241 24.0
Waist circumference, cm*© 97.7+0.38 986 +0.73 97.1+0.64 97.1 £0.66 022
Systolic blood pressure, mmHg 125.5+0.59 1265+ 1.16 1256+0.73 1244+0.78 0.14
Diastolic blood pressure, mmHg 77.1£031 776+0.59 770+0.55 76.6+048 0.15
Women
n 2562 757 885 920 -
DGl score 809+048 64.7 + 048 804+0.17 946+ 0.29 <0.001
Age, y 469+0.30 422+079 470+063 505+0.73 <0.001
Education, %
Low 272 27.1 256 288 0.038
Medium 430 474 454 371
High 29.8 255 29.1 34.0
Smoking, %
Current smoker 144 219 135 9.1 <0.001
Ex-smoker 280 277 279 282
Never smoked 577 504 586 62.7
Physical activity
Sedentary behavior, min/d 313+40 336+ 104 312+83 296 +6.7 0.007
Meet recommendations, % 439 36.8 442 493 0.004
BMI, kg/m? © 270+0.20 272+040 267 £0.27 27.1+£033 0.86
BMI category, %
Underweight/normal weight 44.8 433 44.8 46.0 0.84
Overweight 29.6 31.2 30.1 27.7
Obese 257 256 25.1 264
Waist circumference, cm*© 873+047 876+094 869+0.72 874+0.72 0.96
Systolic blood pressure, mmHg 119.5+ 046 1169+ 0.99 120.1+0.85 121.1 £0.95 0.007
Diastolic blood pressure, mmHg 760+0.32 757 +0.68 760+ 0.54 762+ 054 0.58

@ Values represent means + SD or percentages
P Linear regression and chi squared tests were used to test for significant differences between groups in continuous and categorical variables, respectively
¢ 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 % Cl of
obesity and hypertension per tertile (T) of Dietary Guideline
Index (DGl) in a nationally representative sample of Australian
men (n =2346) and women (n = 2562)
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Table 3 Multi-variable-adjusted odds ratio and 95 % Cl 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)

Dietary guideline index P-trend? Recommended food score P-trend®
T T2 T3 T T2 T3
Overweight and obese Overweight and obese
Men® Men®
Cases, n 587 547 501 - Cases, n 631 566 439 -
Proportion, % 713 700 69.8 - Proportion, % 700  70.1 714 -
Crude 10 094 (068,131) 092 (065 132) 068 Crude 10 101(077,132)  1.07(077,149) 070
Model 1 1.0 0.85 (060, 1.19) 084 (0.59,1.20) 032 Model 1 1.0 087 (066, 1.15) 079 (0.54,1.15)  0.19
Model 2 10 071(049,102) 064 (045 092) 0014 Model 2 10 087(065 1.19) 086 (056, 132) 043
Women Women
Cases, n 404 505 551 - Cases, n 454 540 426 -
Proportion, % 581 569 55.1 - Proportion, % 560 599 528 -
Crude 10 095(071,128) 089 (065 121) 043 Crude 10 1.17(093,149) 088 (066,1.18) 041
Model 2 10 083 (058 1.19) 068 (048 096) 0025 Model 2 1.0 1.24 (0.93,1.66) 092 (065,132) 070
Central adiposity Central adiposity
Men Men
Cases, n 508 461 430 - Cases, n 542 470 389 -
Proportion, % 610 583 504 B Proportion, % 592 579 62.8 -
Crude 10 089 (065, 122) 094 (068, 130) 066 Crude 1.0 095 (0.71,1.26) 116 (090, 1.51) 033
Model 1 10 077 (056,105) 083 (059,119) 029 Model 1 1.0 0.77 (058,1.03) 078 (0.58,1.06) 0.07
Model 2 10 066 (048,093) 068 (048, 097) 0,030 Model 2 1.0 0.80 (0.58,1.10)  0.89 (062, 1.28) 041
Women
Women
Cases, 494 597 606 - Cases, n 42 62 >33 )
Proportion, % 695 664 637 . Proportion, % 654 681 651 :
Crude 10 087 (061,123) 077 (055,107) 0.2 Crude 1.0 1.13(0.83,1.54) 099 (0.70, 140)  0.96
Model 1 10 071 (050,1.02) 056 (041,079 0001 Mo:e: 1 1.0 0.99 (0.70, 1.41)  0.75(0.52,1.08)  0.14
M 2 1.0 1.10 (0.74, 1.64) 095 (062, 144) 082
Model 2 10 070(047,106) 053 (037,077) 0001 oce ( ) ( )
. Hypertension®
Hypertension
Men
Men
Cases, n 226 181 143 -
Cases, n 225 187 139 -
. Proportion, % 247 223 232 -
Proportion, % 270 236 19.1 -
Crude 1.0 0.88 (0.64,1.19) 092 (067, 1.26)  0.53
Crude 1.0 0.84 (064, 1.100 064 (045,091) 0011
Model 1 1.0 067 (048,093)  055(038,0.79)  0.001
Model 1 1.0 068 (0.51,092) 053 (0.37,0.76)  0.001
Model 2 1.0 0.73 (0.5 04) 062 (041,092 0017
Model 2 1.0 067 (049,093) 052 (035,078  0.001
Model 3 1.0 073 (0.51,1.06) 062 (041,094) 0021
Model 3 1.0 1(052,099 056 (037,085 0006
Women
Women
Cases, n 162 172 173 -
@ 125 190 192 -
e N Proportion, % 195 188 21.1 -
i V) -
Proportion, % 176 211 202 Crude 10 096(063 146 110(080,1.53) 056
Crude 1.0 1.26 (0.86,1.85)  1.19(0.75,1.88) 048 Model 1 10 074 (047,118 071 (049,104) 008
Model 1 10 3(067,1.59) 081049, 134) 036 Model 2 10 076 (046,124) 077 (050,1.17) 022
Model 2 1.0 8 (0.69, 1.69) 086 (0.50, 1.49) 054 Model 3 10 073 (045,119) 075 (049,1.14) 0.8
Model 3 1.0 1.13(0.73,1.75) 090 (0.52, 1.53) 062

2 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

P Analyses were based on n=2324 due to exclusion of underweight men

€ Hypertension was defined as blood pressure >140/90 mmHg

2 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

® Analyses were based on n = 2324 due to exclusion of underweight men

© Hypertension was defined as blood pressure >140/90 mmHg



Livingstone and McNaughton BMC Public Health (2016) 16:1037 Page 8 of 10

P-trend=0.35 P-trend=0.001

el
L))

° o
N b

Odds ratio of hypertension in men g
o o
o (o)} <)
A
HEH

1 2 3 1 2 3

Normal weight Overweight or obese
Tertile of Dietary Guideline Index

=
»

P-trend=0.36 P-trend=0.002

=
=N
]

o
o

S

RN
o N b

0dds ratio of hypertension in men g3

1 2 3 1 2 3
No central adiposity Central adiposity
Tertile of Dietary Guideline Index
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 > 185 and <25 kg/m?; Overweight or obese (n = 1694) was defined as BMI > 25 kg/m?. Central adiposity (n = 1480)
was defined as waist circumference >102 cm and no central adiposity (n = 866) as waist circumference <102 cm

J

Our findings demonstrate that diet quality may play
an important role in lowering the odds ratio of hyper-
tension in obese individuals. Interestingly, given the dif-
ference 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 life-
style identified by the Obesity Society and the American
Society of Hypertension as an important focus for the treat-
ment of obesity-related hypertension [37], our findings
suggest that improving diet quality could be a valuable
strategy. Nonetheless, further research into the mechan-
ism of obesity-associated hypertension are needed to bet-
ter 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 in-
cludes both “healthy” (13 DGI foods/beverages that’s con-
sumption is recommended) and “unhealthy” (10 DGI
foods/beverages that’s consumption should be limited)

components (DGI) and the RFS, which is based on 5 rec-
ommended food groups only. Both scores provided a valu-
able insight into how poorly Australians are adhering to
the ADG. As observed previously [38], no associations be-
tween 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 ac-
curately estimate relationships with obesity. Further stud-
ies are warranted to better understand the applicability of
different diet quality scores to different health outcomes.
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Strengths and limitations

The present study has a number of strengths. Given
this study was conducted in a large, nationally repre-
sentative sample of Australian adults, our results are
generalizable to the wider Australian population. Im-
portantly, 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 in-
takes of food groups consistent with Australian pol-
icy 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 re-
source for future applications of diet quality scores
to 24-h recalls.

A limitation of this study was that due to its cross-
sectional design we were unable to infer any causal rela-
tionships between diet quality score and obesity and
hypertension. In addition, while our analyses were ad-
justed for multiple confounders, including energy misre-
porting, we cannot discount the possibility of residual
confounding. Prospective studies are warranted to deter-
mine whether higher diet quality scores will predict
lower odds ratio of obesity and hypertension in the fu-
ture. Although diet quality scores have many practical
advantages, they focus on selected food groups and
therefore do not account for the overall correlated struc-
ture of dietary patterns. Furthermore, adaption of the
DGI-2013 for use in the present study may have intro-
duced differences compared with previous studies. How-
ever, 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 con-
sistent with the original methodology and the ADG.

Implications of findings

Our findings have two major implications for the devel-
opment of future dietary guidelines. Firstly, we demon-
strated the importance of inclusion of “unhealthy”
components in dietary guidelines for effectively captur-
ing odds ratio of obesity and hypertension. Secondly, we
highlighted the potential for diet quality in the manage-
ment 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 associ-
ated 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 obesity-
related hypertension. Longitudinal studies are warranted
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to evaluate whether diet quality predicts risk of obesity
and hypertension in men and women.
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