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Background:  Poor  diet  is a major  public  health  issue  requiring  strategies  to  support  improvements.  Nutri-
tion knowledge  influences  eating  behaviours,  yet  few studies  have  examined  relationships  with  diet
quality.  The  current  study  aimed  to explore  relationships  between  demographic  characteristics,  nutrition
knowledge,  and diet  quality  using  the Australian  Recommended  Food  Score  (measuring  diet  variety).
Methods:  Adults  18–60  years  completed  a 210-item  survey  including  questions  on  demographics,  health,
nutrition  knowledge,  and  diet.  Statistical  analysis  used  chi-square  tests,  linear  and  multiple  regression,
adjusted  for  covariates.
Results: 480  respondents  with  a mean  (SD)  age  39.1  ± 11.6  years  (18%  male)  completed  all  questions.
Overall diet  quality  scores  were  high  (ARFS  39.5 ± 9 points).  Nutrition  knowledge  (p <  0.001)  and  BMI
(p  <  0.001)  were  positively  associated  with  ARFS.  ARFS  scores  were  higher  for  those  with  higher  nutrition
knowledge  scores  (ARFS  42  ±  8  points)  and  of  lower  BMI  (ARFS  40  ± 8  points)  compared  to  those  with
lower  knowledge  (ARFS  37  ± 11)  and  higher  BMI  (ARFS  35  ±  10 points).  Those  with  BMI  ≥ 40  kg·m−2 and
weight  loss  surgery  reported  the  lowest  diet  quality  (ARFS  31  ±  10  points).
Conclusion:  Diet  quality  was  highest  among  those  with  high  nutrition  knowledge  and  lower  BMI.  Those

−2
with  a  BMI  ≥  40  kg·m , particularly  those  with  past  weight  loss  surgery  reported  the  lowest  diet quality,
despite  comparable  levels  of nutrition  knowledge.  It remains  unclear  which  factors  explain  the  variation
in  diet  quality  in the  weight  loss  surgery  group  and  this  deserves  further  attention  given  the growing
popularity  of weight  loss  surgery.

© 2018  Asia  Oceania  Association  for the  Study  of  Obesity.  Published  by Elsevier  Ltd.  All  rights
reserved.
ntroduction

High quality diets are associated with lower rates of morbid-
ty and mortality [1,2]. The positive attributes of a high quality
ietary pattern were recognised in the “Seven Countries Study” that
eported the health benefits of the Mediterranean diet protecting
gainst coronary heart disease, many cancers and inflammatory
iseases [3]. This led to examination of dietary patterns in other
opulations [4] and traditionally such examination has relied on the
recise measurement and evaluation of nutrients consumed from

ll foods. Methodological challenges [5] associated with obtaining
ccurate dietary intake data have led researchers to develop alter-
ative approaches to assess diet quality. Numerous instruments
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have been developed, however only a few diet quality indices are
effective tools for measuring nutrient adequacy and mortality risk
[4].

The predictive ability of a diet quality index is stronger among
indices that focus on nutrient-dense, core foods (e.g. wholegrain
versus refined grains), that independently score important dietary
constituents (e.g. scoring fruits and vegetables separately) and that
are culturally appropriate [6]. Aligning with this approach is the
Recommended Food Score (RFS) developed for a United States
population [2], that has been adapted and validated for use in
Australians [7]. The Australian Recommended Food Score (ARFS)
does not require quantities consumed and excludes evaluation of
energy-dense, nutrient-poor foods. Hence the score avoids some of
the error associated with food estimation, such as under-reporting

observed in populations with obesity [5]. Points are awarded for the
variety of high nutrient-dense foods within each core food group
over a usual week. As expected, higher variety scores are positively
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ssociated with higher nutrient and disease risk biomarkers [7–10].
n this way, diet variety and the presence of nutrients is a proxy for
iet quality. A high ARFS indicates a dietary pattern that aligns with
he Australian Dietary Guidelines, including consumption of a wide
ariety of nutritious foods from the five core food groups [1].

Despite the benefits of healthy eating patterns, many Aus-
ralians continue to consume poor quality diets. This is a finding
onsistent across Australian studies using different diet indices
11–13] and reflects the findings of National Nutrition Surveys
14]. This is a major public health concern. Strategies are needed
o improve the diet quality of some Australians, particularly those
ho are younger, male and living in lower socioeconomic areas
ho report diets with lower quality [13]. These groups of Aus-

ralians also report lower levels of nutrition knowledge [15], as
o those who are less educated and individuals with obesity [16].
here may  be a role for improving diet quality through improve-
ents in nutrition knowledge since there is evidence that those
ith higher levels of nutrition knowledge eat healthier compared

o those with lower levels of knowledge [15,17,18].
There are few studies of Australian adults that have examined

he relationship between nutrition knowledge and diet quality. A
etter understanding of these associations could support strategies
o improve dietary intake. The ARFS [7] is an established [19] and
alidated diet quality index that focuses on diversity within food
roups associated with positive health outcomes in Australians.
herefore the aim of the current study was to explore relation-
hips between demographic characteristics, nutrition knowledge
nd diet quality using the ARFS [7].

aterials and methods

tudy design

Adults 18–60 years were invited to participate in a cross-
ectional nutrition survey with study information distributed
t medical clinics, through social media and radio interviews.
he study design is published elsewhere [16]. In brief, the
0-min 210-item self-administered on-line survey (SurveyMon-
ey Inc 1999–2016) collected information about demographics,
eight, weight, health (Medical Outcome Survey Short Form-12)
20], physical activity (International Physical Activity Question-
aire) [21], and dietary intake (ARFS) [19]. Nutrition knowledge
as assessed using the Re-examined General Nutrition Knowl-

dge Questionnaire (R-GNKQ) [22] with 96 questions across four
omains (dietary guidelines, sources of nutrients, choosing every-
ay foods, diet–disease relationships) to a maximum score of 96.
he R-GNKQ is described elsewhere [16]. Body-mass index (BMI;
eight in kilograms divided by the square of height in metres)
as categorised according to World Health Organisation criteria.

ostcode data were used as a measure of socio-economic status
y cross-referencing with the Socio-Economic Indexes for Areas
SEIFA) database [23], a low SEIFA score indicating greater dis-
dvantage. The University of Newcastle Human Research Ethics
ommittee approved the study and survey completion implied con-
ent.

ietary data collection

Diet quality was evaluated using the ARFS, a previously vali-
ated a priori defined diet quality score [7]. ARFS measures diet
uality as a continuous variable using a subset of 70-items derived

rom a 120-question semi-quantitative food frequency question-
aire [7]. ARFS is a valid estimate of usual nutrient intakes with
trong positive correlations with fibre, vitamin A, beta-carotene,
itamin C (0.53, 95% CI 0.37–0.67) calcium, magnesium and potas-
nical Practice 13 (2019) 197–204

sium (0.32, 95% CI 0.23–0.40) [7] and is significantly associated
with plasma concentrations of total carotenoids (p < 0.05) [9]. The
score is obtained by summing eight sub-scales scores. The sub-
scales evaluate intakes of vegetables, fruit, meat, vegetarian protein
sources, grains, dairy foods, water and condiments. The maximum
score of 73 requires a daily intake of 2 or more pieces of fruit, 2 or
more serves of dairy foods (reduced fat), 4 or more glasses of water
and weekly consumption of vegetables eaten on at least 5 nights, 19
vegetable types (excluding hot chips), 11 fruit types, 7 types of ani-
mal  based protein, 6 types of vegetarian protein sources, 13 types
of whole-grains, 8 types of dairy foods, and 2 nutrient-containing
sauces or spreads. A higher score reflects higher diet quality and
established ARFS rating categories (quartiles) were used: “Out-
standing” (47+); “Excellent” (39–46); “Getting There” (33–38);
“Needs Work” (<33) [7,19]. The scoring method is described else-
where [19].

Statistical analysis

Differences in participant characteristics of respondents who
completed all 210-items of the survey (completers) and those who
did not (non-completers) were examined using chi-square tests.
Participants with missing data (non-completers) were excluded
from further statistical analysis. The relationships between partic-
ipant characteristics and ARFS categories and between participant
characteristics and total ARFS were examined using Chi-Square test
and linear regression model, respectively. Associations between
participant characteristics and ARFS sub-scales and total ARFS were
examined using multiple regression, adjusted for covariates (age,
sex, education, SEIFA decile, BMI, nutrition knowledge, medical,
past weight loss surgery and smoking status). Multiple regression
assumptions were checked (unusual and influential data, normality
of residuals, heteroscedasticity, multicollinerarity using Variation
Inflation Factor (VIF), non-linearity). The statistical significance was
set at p < 0.05 and analysis conducted using Stata software, version
13.1 (StataCorp. 2013 College Station, TX: StataCorp LP). Data are
presented as mean ± SD.

Results

Participant characteristics

Of 606 respondents who commenced the survey, 79% (n = 480)
completed all 210-items (termed “completers”). Characteristics of
respondents are summarised in Table 1. The only difference iden-
tified between “completers” and “non-completers” were lower
nutrition knowledge (R-GNKQ) scores. This is expected as 57
respondents did not answer any R-GNKQ questions and a further
43 respondents did not complete all R-GNKQ questions. Respon-
dents first exited the survey during the collection of demographic
data (Supplement 1). Completers had a mean ± SD age of 39.1 ± 11.6
years (range 20–60 years), were mostly female, well educated and
had no medical conditions. Completers weight ranged from 46 to
215 kg (mean BMI  29 ± 9 kg m−2, range 18.6–79 kg m−2), with most
being overweight (BMI 25–<30 kg m−2) or obese (BMI ≥ 30 kg m−2).
Of those completers with a medical condition (43%, n = 207) signif-
icantly more had a BMI  ≥ 30 kg m−2 (49%) compared to those with
a BMI  18.5–25 kg m−2 (24%) (P < 0.001). The majority (66%) of those
with a medical condition were being treated with medications. The

most common medical conditions were a mental health diagno-
sis (24%), cardiovascular diseases (23%), musculoskeletal disorders
(18%), and diabetes (all types) (7%). Some completers (n = 55, 11%)
had previously undergone weight loss surgery (WLS).
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Table  1
Demographic characteristics of respondents (n = 606).

Demographic characteristic “Completers” Group (n = 480) “Non-completers” Group (n = 126) p-value

Age (years)A
<35 37% 44%

0.37935–49 39% 35%
50–60 24% 21%

SexA
Female 82% 78%

0.323Male 18% 22%

SEIFAa decileA
Low (1–33) 25% 31%

0.410Medium (34–66) 38% 32%
High (67–100) 37% 27%

Number of medical
conditions diagnosedA

None 57% 56%

0.985
1  20% 20%
2  11% 11%
3  or more 11% 13%

EducationB

High school not completed 5% 8%

0.761
High school completed 16% 17%
Vocational training 28% 25%
University degree 51% 51%

Past weight loss
surgeryC

Yes 11% 11%
0.939No 89% 89%

SmokerD
Yes 6% 8%

0.467No 94% 92%

Body mass index (kg m−2)E

18.5–<25 44% 30%

0.224
25–<30 24% 28%
30–<40 18% 13%
≥40 11% 9%
Not reported 4% 20%

Score of nutrition
knowledge (R-GNKQb)F

0–24 0% 45%F1

<0.001*25–48 3% 19%F2

48–72 54% 25%
73–96 43% 11%

Number of non-completers: A 0, B 6, C 10, D 12, E 16, F 100.
a Socio-Economic Indexes for Areas [23].
b Re-examined General Nutrition Knowledge Questionnaire [22].
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F1 57 respondents did not answer any R-GNKQ questions.
F2 43 respondents did not answer all R-GNKQ questions.

* p-values significant at the p < 0.05 threshold using Chi Squared test.

iet quality

Overall diet quality scores were high, mean total ARFS 39.5 ± 9
oints, with 54% scoring in the two highest ARFS categories
Table 2). Significant differences in total ARFS were found by sex,
utrition knowledge, BMI, number of medical conditions, past WLS
nd SEIFA decile. There were trends for smoking (p = 0.051) and
ducation (p = 0.059). This is despite a previous report in which
ndividuals with the highest level of education had a significantly
igher level of nutrition knowledge compared to those who  had
ot completed high school (p < 0.001) [16]. Diet quality did not
iffer by age group (Table 2). Females reported higher diet qual-

ty scores (ARFS 40 ± 9 points) than males (ARFS 38 ± 9 points)
p = 0.026). Those with high nutrition knowledge reported higher
iet quality scores (ARFS of 42 ± 8 points) than those with low
utrition knowledge (ARFS 37 ± 11 points) (p < 0.001). Those in the

ower BMI  category (18.5–25 kg m−2) reported higher diet qual-
ty scores (ARFS 40 ± 8) than those in the highest BMI  category
BMI ≥ 40 kg m−2) (ARFS 35 ± 10; p < 0.001). Those with no med-
cal condition (ARFS 40 ± 8 points) reported higher diet quality
han those with three or more medical conditions (ARFS 36 ± 10
oints) (p = 0.021). Those with past WLS  had a lower diet qual-

ty (ARFS 35 ± 9) than those without past WLS  (ARFS 40 ± 9;
 < 0.001) (Table 2). Those in the WLS  sub-group (n = 55) with
 BMI  ≥ 40 kg m−2 (n = 21) had a lower mean diet quality score
ARFS 31 ± 10) compared to those with a lower BMI  (ARFS 37 ± 8;

 = 0.02) (Table 3) as well as those with a BMI  ≥40 kg m−2 with-
ut WLS  (n = 32) (ARFS 37 ± 9; p = 0.046). There were no significant
differences in nutrition knowledge scores across BMI categories
for those with or without WLS  (Table 3). Evaluation of the inde-
pendent contribution of each characteristic to explain variation in
ARFS using multiple regression further supported the strong asso-
ciations with sex (p = 0.023), nutrition knowledge (p < 0.001), BMI
category (p = 0.009) and WLS  (p = 0.021). The results did not change
by excluding age and education from the multivariable analysis
(Table 4).

Variations in ARFS sub-scales

Variation in total ARFS between participants pertained mostly
to differences across the vegetable (p < 0.001), fruit (p < 0.001), and
vegetarian protein (p < 0.001) sub-scales. Some variation was evi-
dent in the grains (p < 0.001) and dairy food (p = 0.025) sub-scale but
not meat protein (p = 0.086) (Table 5 and Supplement 2). Key find-
ings included those with the highest nutrition knowledge scoring
higher for the vegetable (p = 0.04), fruit (p = 0.02), vegetarian pro-
tein (<0.01), grains (p = 0.02) and dairy foods (p < 0.01) sub-scales
compared to those with the lowest nutrition knowledge. Those
with a BMI  ≥40 kg m−2 scored lower on the fruit (p = 0.04) and
vegetarian protein (p = 0.04) sub-scales compared to those in the

lowest BMI  category. Those who  had past WLS  had lower sub-scale
scores for vegetable (p < 0.01) and grains (p = 0.03) than those with-
out WLS. Females had higher vegetable (p < 0.01) sub-scale scores
than males.
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Table  2
Total Australian Recommended Food Score (ARFS) and associations with demographics and nutrition knowledge (n = 480).

Participant characteristics ARFS categories p-value Total ARFS (max 73)

Needs work
(<33)

Getting there
(33–38)

Excellent
(39–46)

Outstanding
(47+)

Mean (SD) p-value

% 21 24 31 23 39.5 (9.0)

Age  (years)
<35 38 38 35 37

0.958
39.6 (9.0)

0.66535–49  39 41 41 37 39.1 (8.9)
50–60 24 21 24 26 40.0 (9.2)

Sex
Female 77 80 83 86

0.425
39.9 (8.8)

0.026**
Male 23 20 17 14 37.6 (9.4)

SEIFAa

decile

Low (1–33) 22 29 26 23
0.365

39.0 (9.2)
0.049**Medium (34–66) 44 40 36 32 38.6 (8.9)

High (67–100) 34 32 38 45 40.8 (8.8)

Number of medical
conditions diagnosed

None 51 56 61 58

0.069

40.2 (8.8)

0.021**1 17 21 22 21 39.5 (8.8)
2  12 14 7 14 39.9 (8.3)
3  or more 21 10 9 7 36.1 (10.1)

Education

High school not completed 9 6 3 5

0.473

36.3 (13.5)

0.059
High school completed 17 15 17 13 38.9 (9.0)
Vocational training 32 32 25 26 38.7 (9.3)
University degree 43 48 54 56 40.4 (8.1)

Past  weight loss
surgery

Yes 22 15 5 6
<0.001* 34.9 (9.0)

<0.001**
No 78 85 95 94 40.0 (8.8)

Smoker
Yes  10 7 5 3

0.162
36.3 (9.3)

0.051No  90 93 95 97 39.7 (8.9)

Body  mass index
(kg m−2)

18.5–<25 38 43 47 46

0.013*

40.3 (8.1)

<0.001**
25–<30 19 24 22 30 40.7 (9.3)
30–<40 16 21 17 16 38.9 (9.4)
≥40  23 10 9 4 34.5 (9.5)
Not  reported 5 3 5 4 39.5 (9.2)

Score  of nutrition
knowledge (R-GNKQb)

0–24 0 0 0 0

<0.001*

0 (0)

<0.001**25–48 4 3 2 2 36.8 (11.3)
49–72 67 64 51 36 37.6 (8.9)
73–96  29 32 47 63 42.0 (8.2)

a Socio-Economic Indexes For Areas [23].
b Re-examined General Nutrition Knowledge Questionnaire [22].
* p-values significant at the p < 0.05 threshold using Chi squared test.

** p-values significant at the p < 0.05 threshold using linear regression.

Table 3
Scores of diet quality and nutrition knowledge by BMI  category and past weight loss surgery.

Participant characteristic Total ARFSA (max score 73) Total R-GNKQB (max score 96)

Past weight loss surgery

Body mass index (kg m−2) Yes No Yes No

n Mean (SD) n Mean (SD) p-value n Mean (SD) n Mean (SD) p-value

18.5–<40 34 37.0 (8.0) 393 40.4 (8.7) 0.036* 34 69.9 (9.2) 393 70.8 (11.3) 0.625
≥40  21 31.3 (9.7) 32 36.6 (8.9) 0.046* 21 65.5 (9.1) 32 69.0 (10.5) 0.217
p-value 0.019* 0.018* 0.092 0.368
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A Australian Recommended Food Score [7].
B Re-examined General Nutrition Knowledge Questionnaire [22].
* p-values significant at the p < 0.05 threshold using linear regression.

ariations in intake across sub-scales

ARFS measures usual variety within key nutrient dense food
roups and examining item responses for the six main ARFS sub-
cales (vegetables, fruit, protein foods, vegetarian alternatives,
rains and dairy foods) provides further insight into eating patterns
Supplement 3). For example, the highest mean sub-scale score was
or the vegetable sub-scale, yet from the 19 types of vegetables

isted only five were eaten once a week or more by over 80% of
espondents; these were carrots (93%), tomatoes (90%), broccoli
88%), lettuce (83%), onions and leek (80%). Similarly, the fruit sub-
cale with 22 types of fruit found only six types were eaten at least
once per week (when in season) by ∼80% of respondents; these
were grapes, strawberries, blueberries, bananas, apples and pears.
The meat protein sub-scale with seven types of animal-based pro-
tein identified that the majority of respondents consumed three
types on a weekly basis with the most frequent being chicken (84%),
red meat (83%) and canned fish (55%). For the six types of vegetar-
ian protein foods frequently eat by most were eggs (82%) and nuts
(69%). Across the six sub-scales, foods eaten less frequently than

once a week included: cabbage and brussel sprouts (33%), canned
(12%) and dried fruit (28%), fresh fish (47%), pork (38%), prawns and
lobster (20%), peanut butter (42%), soybeans and tofu (14%), baked
beans (35%), chickpeas, split peas and lentils (48%), muesli (37%),
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Table  4
Factors associated with total Australian Recommended Food Score (ARFS) in a cross-sectional nutrition survey of Australian adults (n = 480).

Participant characteristics � (95% CI) p-value

Age (years)
0.552

35–49 1.00 (−1.0, 3.0)
50–60 1.15 (−1.2, 3.5)

Sex  Male −2.38 (−4.4, −0.3) 0.023*

SEIFAa decile
0.397

Medium (34–66) −0.62 (−2.7, 1.4)
High (67–100) 0.67 (−1.4, 2.8)

Number of medical
conditions diagnosed

0.898
1 −0.31 (−2.4, 1.8)
2  −0.66 (−3.5, 2.1)
3  or more −1.12 (−4.2, 1.9)

Education

0.800
High school completed 1.14 (−3.1, 5.4)
Vocational training 1.55 (−2.2, 5.3)
University degree 1.15 (−2.7, 5.0)

Past  weight loss surgery Yes −3.31 (−6.1, −0.5) 0.021*

Smoker Yes −2.86 (−6.4, 0.7) 0.111

Body  mass index
(kg m−2)

0.009*

25–<30 0.91 (−1.15, 3.0) 0.386
30–<40 0.27 (−2.4, 2.9) 0.839
≥40 −4.16 (−7.2, −1.1) 0.007*

Score of nutrition
knowledge (R-GNKQ)b

<0.001*

49–72 1.56 (−3.7, 6.8) 0.561
73–96 5.53 (0.2, 10.9) 0.043*

Reference categories: age < 35; female; SEIFA decile low (1–33); number of medical conditions diagnosed — none; education — high school not completed; past weight loss
surgery — no; smoker — no; BMI  18.5–<25; score of nutrition knowledge - 25 - 48.
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a Socio-Economic Indexes for Areas [23].
b Re-examined General Nutrition Knowledge Questionnaire [22].
* p-values significant at the p < 0.05 threshold using multiple regression.

ooked porridge (43%), breakfast cereal (44%), cous cous, burghul,
nd quinoa (38%). From a full range of dairy foods lowest daily
ntakes were reported for yoghurt (49%), cottage and ricotta cheese
10%).

iscussion

The current study found that diet quality, as measured using the
RFS, was strongly and positively associated with greater nutrition
nowledge and a BMI  in the healthy range, in a broad sample of
ustralian adults. Individuals with a high level of nutrition knowl-
dge had the highest overall diet quality reflecting a more varied
eekly pattern of eating across the five food groups, which is more

losely aligned to the Australian Dietary Guidelines [1]. Similarly,
hose with a healthy BMI  had higher diet quality, particularly in
elation to their variety of fruit, and vegetarian sources of protein.

Novel aspects of this study were the investigation of different
ategories of obesity and the inclusion of a substantial number of
ndividuals with a history of WLS. Those with a BMI  ≥ 40 kg m−2

ad a lower diet quality of the BMI  groups studied but diet
uality was even lower for individuals who previously had WLS.
o differences in nutrition knowledge were identified for these

wo groups, despite our previous report that people with obe-
ity (BMI ≥ 30 kg m−2) have lower levels of nutrition knowledge
16]. This is an important finding as it suggests that the knowl-
dge measured was not sufficient to support the adoption of higher
uality diets for these individuals, unlike those with lower weight
nd without WLS. It is unclear if these differences in diet qual-
ty were due to individuals choosing not to apply their nutrition

nowledge or whether challenges are experienced in its applica-
ion. Nutrition knowledge is an integral component of nutrition
iteracy, however it remains unclear which aspects of knowledge
nform specific nutrition decisions or influence dietary behaviours.
The role of nutrition knowledge and its impact on nutrition literacy,
which is recognised as a complex construct, has received limited
research attention to date [15,24]. After WLS, it is plausible that
interpreting and adapting the nutrition guidelines to a new food
landscape requires the development of new food skills. For these
individuals, if education and nutrition knowledge are not drivers for
high quality diets then exploring the multidimensional construct
of nutrition literacy may  hold more merit.

Two  systematic reviews [25,26] have examined the relationship
between diet quality and obesity. Asghari et al. reviewed 36 stud-
ies, ten of these had prospective designs and 26 had cross-sectional
designs. The ten studies in developed countries that used indices
based on dietary guidelines tended to report significant and posi-
tive associations between obesity and diet quality. In contrast, most
studies conducted in developing countries did not find this associa-
tion [25]. Salehi-Abargouei et al. [26] found no association between
diet quality and BMI  status (overweight, obesity) from 16 cross-
sectional studies across four continents (Asia, Africa, North America
and South America). The authors attributed this to a lack of homoge-
nous study design. Across studies, the methods used to measure
dietary intake data, evaluate diet quality and define obesity, var-
ied. For example, the method to collect dietary intake data varied
between 24-h recall and food frequency questionnaire, with only
one study using a food frequency questionnaire that had previously
been assessed for reliability and validity. Most studies used their
own method to score diet diversity and how foods were grouped
for each method tended to vary. In one study obesity was defined
as a BMI  ≥ 25 kg m−2. The authors concluded that there was a need
for well-designed prospective studies.
Previous Australian studies have reported low diet quality in
individuals with obesity using several different diet quality indices
[11,27–29]. O’Brien et al. [29] used the ARFS to evaluate change in
diet quality for an online weight loss intervention and reported
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Table 5
Factors associated with Australian Recommended Food Score (ARFS) sub-scales in a cross-sectional nutrition survey of Australian adults.

Participant characteristics Vegetables (max score 21) Fruit (max score 12) Meat protein
(max score 7)

Vegetarian
protein (max
score 6)

Grains (max
score  13)

Dairy foods
(max  score 11)

Water (max
score 1)

Condiments
(max score 2)

p-value <0.001* <0.001* 0.086 <0.001* <0.001* 0.025* 0.073 0.071

ˇ (95% CI) p ˇ (95% CI) p ˇ (95% CI) p  ˇ (95% CI) p ˇ (95% CI) p ˇ  (95%CI) p  ˇ  (95% CI) p  ˇ (95% CI) p

Age (years)
0.01* 0.03* 0.08 0.42 0.03* 0.52 0.09 <0.01

35–49  1.3 (0.4, 2.1) 0.2 (−0.5,0.8) 0.3 (0.0, 0.7) 0.0 (−0.3, 0.3) −0.6 (−1.1,0.0) 0.0 (−0.5,0.5) −0.1 (−0.2, 0.0) 0.0 (−0.2, 0.1)
50  1.1 (0.1, 2.1) 1.0 (0.2,1.7) 0.5 (0.0, 0.9) 0.2 (−0.2, 0.6) −0.8 (−1.4,−0.2) −0.3 (−0.8,0.3) −0.1 (−0.2, 0.0) −0.3 (−0.6, −0.1)

Sex  Male −1.5 (−2.4, −0.6) <0.01* −0.4 (−1.1,0.2) 0.19 −0.1 (−0.5,0.3) 0.72 −0.1 (−0.4, 0.2) 0.64 −0.2 (−0.7,0.3) 0.50 −0.2 (−0.7,0.3) 0.54 0.0 (−0.1, 0.1) 0.83 0.0 (−0.2, 0.2) 0.70

SEIFAA decile
0.49 0.19 0.67 0.83 0.49 0.67 0.53 0.67

Medium
(34–66)

−0.1  (−0.9,0.8) −0.2 (−0.9, 0.4) 0.1 (−0.3, 0.5) 0.0 (−0.3, 0.4) −0.2 (−0.8,0.3) −0.2 (−0.7,0.3) 0.0 (−0.1, 0.1) −0.1 (−0.2,0.1)

High
(67–100)

0.4  (−0.5,1.3) 0.3 (−0.4, 1.0) 0.2 (−0.2, 0.6) 0.1 (−0.2, 0.4) −0.5 (−0.5,0.6) −0.2 (−0.7,0.3) 0.0 (−0.1,0.1) −0.1 (−0.3,0.1)

No.of  medical conditions
diagnosed

0.80 0.54 0.80 0.89 0.58 0.51 0.05 0.05
1  0.4 (−0.5,1.3) −0.4 (−1.1,0.3) 0.1 (−0.3, 0.5) 0.0 (−0.4, 0.3) −0.1 (−0.7,0.4) −0.2 (−0.7, 0.3) 0.0 (−0.1, 0.2) −0.1 (−0.3, 0.1)
2  0.1 (−1.0,1.3) −0.2 (−1.1, 0.7) 0.0 (−0.5, 0.5) −0.1 (−0.6, 0.3) −0.2 (−1.0, 0.5) 0.2 (−0.4, 0.9) −0.1 (−0.3, 0.0) −0.3 (−0.6, −0.1)
3  or more −0.2 (−1.5,1.1) −0.6 (−1.6, 0.4) −0.2 (−0.8, 0.4) −0.1 (−0.6, 0.3) −0.6 (−1.3, 0.2) 0.4 (−0.4, 1.1) 0.1 (0.0, 0.3) 0.0 (−0.3, 0.3)

Education

0.57  0.49 0.44 0.37 0.67 0.39 0.70 0.62
High  school
complete

1.0  (−0.8, 2.8) 1.0 (−0.4, 2.4) −0.3 (−1.0, 0.5) −0.2 (−0.9, 0.4) −0.6 (−1.7, 0.5) 0.1 (−0.9, 1.2) 0.0 (−0.2, 0.2) 0.1 (−0.3, 0.5)

Vocational
training

1.1  (−0.5,2.7) 0.8 (−0.4, 2.0) 0.1 (−0.6, 0.8) 0.0 (−0.5, 0.6) −0.3 (−1.3, 0.7) −0.3 (−1.2,0.6) −0.1 (−0.3, 0.1) 0.2 (−0.2, 0.5)

University
degree

0.9  (−0.7,2.6) 0.6 (−0.7, 1.8) 0.1 (−0.6, 0.8) −0.2 (−0.8, 0.4) −0.5 (−1.5, 0.5) 0.1 (−0.9, 1.0) 0.0 (−0.2, 0.2) 0.2 (−0.2, 0.6)

Past  weight loss
surgery

Yes −1.8 (−3.0,−0.6) <0.01* −0.7 (−1.6, 0.2) 0.12 −0.1 (−0.6, 0.4) 0.84 −0.3 (−0.7, 0.1) 0.18 −0.8 (−1.5,−0.1) 0.03* 0.5 (−0.2, 1.2) 0.13 −0.1 (−0.2, 0.1) 0.34 −0.1 (−0.3,0.2) 0.58

Smoker  Yes −1.3 (−2.8,0.2) 0.09 −0.8 (−2.0, 0.3) 0.16 −0.6 (−1.3, 0.0) 0.05 −0.3 (−0.7, 0.1) 0.51 0.2 (−0.7, 1.1) 0.90 −0.5 (−1.3,0.4) 0.29 0.0 (−0.2, 0.2) 0.94 −0.1 (−0.4, 0.3) 0.71

Body  mass index
(kg m−2)

0.12 0.04* 0.87 0.04* 0.10 0.11 0.67 0.11
25–<30 0.4  (−0.5,1.2) 0.1 (−0.6,0.8) 0.0 (−0.4, 0.4) 0.0 (−0.3, 0.3) −0.2 (−0.7,0.3) 0.5 (0.0, 1.0) 0.0 (−0.1,0.1) 0.2 (0.0, 0.3)
30–<40  0.1 (−1.0,1.2) −0.4 (−1.2, 0.5) 0.2 (−0.3, 0.7) 0.0 (−0.4, 0.4) 0.1 (−0.5,0.8) 0.1 (−0.6, 0.7) −0.1 (−0.2, 0.1) 0.3 (0.0, 0.5)
≥40  −1.2 (−2.4,0.1) −1.3 (−2.2,−0.3) 0.0 (−0.6, 0.5) −0.6 (−1.1,−0.2) −0.8 (−1.6, −0.0) −0.4 (−1.1, 0.4) −0.1 (−0.3, 0.1) 0.2 (0.0, 0.5)

Score  of nutrition
knowledge (R-GNKQ)B

0.04* 0.02* 0.17 <0.01* 0.02* <0.01* 0.15 0.44
49–72  0.5 (−1.7,2.8) 0.3 (−1.4, 2.0) 0.5 (−0.5, 1.5) 0.2 (−0.6, 1.0) 0.5 (−0.8, 1.9) −0.6 (−1.9, 0.7) 0.3 (0.0, 0.6) −0.2 (−0.7, 0.3)
73–96  1.4 (−0.8,3.7) 1.1 (−0.7, 2.8) 0.7 (−0.3, 1,7) 0.8 (0.0, 1.6) 1.1 (−0.3, 2.5) 0.2 (−1.1, 1.5) 0.3 (0.0, 0.6) −0.1 (−0.6, 0.4)

Reference categories: age < 35; female; SEIFA decile low (1–33); number of medical conditions diagnosed — none; education — high school not completed; past weight loss surgery — no; smoker — no; BMI  18.5–<25; score of
nutrition  knowledge - 25 - 48.

A Socio-Economic Indexes For Areas [23].
B Re-examined General Nutrition Knowledge Questionnaire [22].
* p-values significant at the p < 0.05 threshold using multiple regression.
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aseline scores. Adults (n = 309) with a mean age of 41.6 ± 10.2
ears who were overweight or obese (BMI 32 ± 4 kg m−2) had a
ean baseline total ARFS of 32 ± 4, which falls in the bottom

uartile of scores. In the current study, all groups of participants
eported higher diet quality scores, except for the participants
ho had undergone past WLS  (ARFS 31 ± 10). These low diet

uality scores in individuals with obesity, and particularly more
evere obesity, warrant further investigation. This is the first
tudy to examine and describe the diet quality of those with

 BMI  ≥ 40 kg m−2 and the lower mean total ARFS scores were
nexpected. At a higher BMI  both resting and total daily energy
xpenditures may  be higher [30] and this higher energy require-
ent creates an opportunity to consume a greater variety of healthy

nd nutrient dense foods, however this consumption pattern was
ot evident in our study. As identified previously [31,32], the rela-
ionship between diet quality and BMI  depends on the energy
ensity of foods consumed. As the ARFS only include nutrient-dense
ore-foods in the scoring, many of which have a lower energy den-
ity, it is plausible that individuals with obesity are maintaining
heir body mass with higher intakes of energy dense, nutrient-poor
oods. In the current study, this is further supported by the findings
hat those with a higher BMI  were also consuming lower varieties of
ruit and vegetarian protein compared to individuals with a healthy
MI. Given that high fruit and vegetable consumption can protect
gainst weight gain over time [33–35] and a higher ARFS score of
egetables has been associated with lower health care costs [10]
romoting higher variety of these foods is recommended.

There are several limitations in the current study that require
cknowledgement. The sample was not representative of the gen-
ral community with 51% educated to a university level and 39%
iving in the most advantaged areas. There is the possibility of selec-
ion bias given that the statistical analysis only included those who
ompleted all 210-items to investigate the relationship between
utrition knowledge and diet quality, which means the results pre-
ented are potentially “best-case”. These participants dedicated
0 min  to undertake the survey suggesting an interest in nutri-
ion and this may  explain the overall high level of diet quality.
or those who had undergone WLS  recruitment may  have been
iased towards those with lower diet quality as these individuals
ay  have participated in the hope of receiving advice or informa-

ion. Also, the current study relied on self-report data, although
esponse patterns appear credible with intakes of some vegetables
eing similar to those reported in a national nutrition survey [14].

 key strength was the use of a validated, reliable tool to evalu-
te diet quality that has been used in previous Australian studies
19,27,29,35] facilitating comparison with previous research.

Australian researchers have investigated interventions aimed at
mproving individual diet quality with promising results [19,29].
imilar survey items in the current study have been administered
n-line to a large sample (n = 93,252) of Australians who  were pro-
ided with brief, specific feedback on how to improve their diet
uality [19]. Those respondents who scored in the lowest “needs
ork” category were able to change their usual eating pattern over

even months and achieve the greatest improvements in diet qual-
ty and more optimal nutrient profiles [7,27]. Furthermore, findings
rom a weight loss RCT found that increasing ARFS score by ten
oints over time, which equates to ten different core foods being
onsumed at least once per week, is associated with greater weight
oss by an average of 1% over a 12-week period compared to the con-
rol group [29]. For those with a low ARFS this is a realistic nutrition
arget.
mplications for practice

The current study reminds clinicians that for some individ-
als, current levels of nutrition knowledge are not sufficient to

[
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achieve high quality diets. Encouraging a higher diet variety is
a simple, positive and powerful message, and likely more wel-
come than messages of restriction. Insights gained about the
different consumption patterns of those within different BMI cat-
egories identifies potential for higher variety of vegetables, all
fruit types (fresh, tinned and dried), vegetarian protein sources
(tofu, legumes), grains including oats, cous cous, burghul, quinoa
and dairy foods such as yoghurt, cottage and ricotta cheese. It is
encouraging that this study recruited mostly individuals who were
overweight or obese and this participation suggests these individu-
als have a high interest in nutrition. Clinicians should feel confident
that this group of individuals would welcome discussions that are
focused on empowering dietary change.

Conclusions

Significant differences in diet quality were identified related
to participant nutrition knowledge and BMI  category. The current
study found that individuals with lower nutrition knowledge and
with the highest BMI’s reported the lowest diet quality. In addition,
those with a BMI  ≥ 40 kg m−2 and those who  had previously under-
gone WLS  had the poorest diet quality compared to all other groups,
despite nutrition knowledge being comparable to other groups. In
this preliminary finding it remains unclear which factors explain
the variation in diet quality in the WLS  sub-group. There is a need
for further investigation in this area, particularly given the growing
popularity of WLS  and that those undergoing surgery commonly
do so with the goal of improving health outcomes. Exploring the
multidimensional construct of nutrition literacy holds promise.
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