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Abstract: The consumption of energy drinks (EDs) is increasing globally while the evidence and
concern about the potential health risks are also growing. Caffeine (generally 32 mg/100 mL)
together with a wide variety of other active components such as taurine (usually 4000 mg/L) and
D-glucuronolactone (generally 2400 mg/L) are the main ingredients of EDs. This study aims to assess
the exposures to caffeine, taurine and D-glucuronolactone from EDs in various consumption scenarios
and consumer profiles and to characterize the risks by evaluating caffeine and taurine intakes with
their reference values and by calculating the margin of safety (MOS) for D-glucuronolactone. While
the exposure assessment results showed that caffeine intakes from EDs ranged from 80 to 160 mg
(1.14–4 mg/kg b.w.) for the considered scenarios, the risk characterization estimated some risks that
could be managed with consumption recommendations such as limiting EDs in 40, 60 and 80 kg b.w.
consumers to 175, 262.5 and 350 mL, respectively, to prevent sleep disturbances and to 375, 562.5
and 750 mL to prevent general caffeine adverse health risks, respectively. Dietary exposure to D-
glucuronolactone from EDs ranged from 600 to 1200 mg (7.5–30 mg/kg b.w.). As D-glucuronolactone
MOS ≥ 100 is only observed when EDs consumption is limited to 250 mL, for individuals weighing
above 60 kg, some risks were observed in some of the studied scenarios. A taurine exposure from EDs
varied from 1000 to 2000 mg (12.5–50 mg/kg b.w.) and consumptions over 500 mL were estimated to
generate intakes above the reference value. In conclusion, the management of these risks requires a
European legal framework for EDs with maximum limits for the active components, volume size
limitations and labeling improvements along with the development of education and awareness
programs and risk communication actions in collaboration with the industry and society.

Keywords: energy drinks; caffeine; taurine; D-glucuronolactone; exposure assessment; risk characterization;
risk management
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1. Introduction

The energy drinks (EDs) market is estimated to be 1% of the non-alcoholic drinks
market and this may be attributed to the well-thought-out design process in the food
industry. The consumption of EDs has considerably increased worldwide [1–11], especially
among male adolescents and young adults. The European FoodEx2 classification classifies
EDs in the non-alcoholic functional drinks category [12].

EDs consumption was estimated to be at 30% in European adults (18–65 years; 16%
corresponding to chronic consumers) and at 68% in European adolescents (10–18 years;
10% classified as chronic consumers). Almost 12% of all adult Europeans (13.3% of “young
adults”) described themselves as regular consumers, drinking EDs 4–5 times a week or
more and consuming a mean average volume of 4–5 L/month [13]. The Spanish Survey on
Drug Use in Secondary Schools (ESTUDES) estimates the prevalence of EDs use among
students at 50.7% and 39% for young males and females, respectively [14].

Recent studies report that, during the COVID-19 pandemic, not only has the frequency
of the consumption of EDs increased but also the amount ingested, which was probably
due in part to the need to cope with stress, boredom and the desire to improve attention
when using screens and playing video games [15,16].

There is a global growing concern about the potential risks and the existing low-risk
perception associated with these drinks [2,9,10,17–19]. In general, the evidence correlates
EDs with a significant increase in the odds of insomnia (and jitteriness/activeness) [11],
anxiety, depression, impulsivity and poor academic performance, among others. While
frequent Eds consumption generates stimulation (nervous and cardiovascular), hyperten-
sion, bone density loss, osteoporosis, low psychological, physical, educational and overall
well-being, among other consequences [2,11,20,21], acute Eds consumption not only gen-
erates a caffeine overdose but has also been identified as an indicator of the use/abuse
of other psychoactive substances (tobacco, sedatives, cannabis, cocaine and ecstasy) and
risky behaviors [1,14,17,22–24]. The combined consumption of EDs with alcoholic drinks is
known to generate, among other effects, a decreased sense of drunkenness [17], and this
has been a growing cause of concern since more than half of young European consumers
said they occasionally consumed EDs mixed with alcohol [13].

Despite the variety of ingredients, most EDs share the same composition of caffeine,
taurine and D-glucuronolactone in varying proportions, along with other minor com-
ponents such as B vitamins and L-carnitine that increase their attractiveness, especially
among young consumers [25,26]. While the European Food Safety Authority (EFSA)
found that forty-nine of the fifty-three EDs distributed in Europe contained taurine in
their formula [13], the French Agence Nationale de Sécurité Sanitaire de l’alimentation, de
l’environnement et du travail (ANSES) reported that only 103 out of 126 of the EDs mar-
keted in France showed a complete list of ingredients on the packaging and, of these, only
52% contained taurine [27]. Additionally, 33% of the EDs on the French market contained
D-glucuronolactone and 59% of the EDs did not state the amount on the labeling [27].

The caffeine content in EDs usually ranges between 15 and 55 mg/100 mL [28],
although the most common concentration is 32 mg/100 mL. A standard EDs formula
usually contains 2400 mg/L of D-glucuronolactone and 4000 mg/L of taurine [26,28,29].
Nevertheless, the mean average taurine content in EDs has progressively increased since
the first commercialized formulations [30]. While ANSES reported a mean taurine content
(mg/L) of 3800 [27], EFSA reported 3412 [29] and Health Canada reported a mean average
of 4000 (range: 40–8000 mg/L) [31]. The mean D-glucuronolactone content (mg/L) was
1700 (range: 240–2400) but according to Health Canada, the D-glucuronolactone content
may be up to 4800 [31].

Caffeine (1,3,7-trimethylxanthine) generates multisystemic effects not only in the
central nervous system (CNS) but also in the respiratory, renal, endocrine, urinary, muscu-
loskeletal and cardiovascular systems [32–34]. Caffeine, in the CNS, behaves as an antago-
nist of adenosine A1, A2A and A2B receptors, producing a mild excitatory effect [35–37].
Caffeine increases natriuresis and diuresis by an interaction with the A1 receptor [28]
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and inhibits phosphodiesterase, causing a smooth muscle relaxation [35,38,39]. A positive
chronotropic and inotropic effect has been described at a cardiovascular level, as well as
arrhythmias, tachycardias and an increase in blood pressure and heart rate [26,32,40]. In
addition, caffeine is known for its potential to cause moderate physical dependence and
tolerance. The EFSA associates intakes (mg/caffeine/kg b.w./day) of three with general
effects (cardiovascular and hematological, neurological and psycho-behavioral) and of 1.4
with sleep disturbances (sleep onset latency and shorter duration) [35]. However, the Nor-
wegian Scientific Committee for Food Safety [28] recently concluded that the benchmark of
3 mg caffeine/kg b.w./day may not necessarily protect against certain cardiac ailments.
In any case, according to EFSA, general consumers (70 kg b.w.) should keep their caffeine
ingestion under 400 mg/day [35].

The provision of information to consumers in Europe [41] includes labeling require-
ments for beverages with a high caffeine content (>150 mg/L), such as displaying “High
caffeine content. Not recommended for children or pregnant or breastfeeding women” along with
the caffeine amount in mg/100 mL. It is worth mentioning that some European brands [42]
include “Consume Moderately” or similar wording on their labels and others follow a volun-
tary code where labels are committed to not promoting the combined use with alcoholic
beverages [42,43].

One of the most recent risk communication actions on EDs has been promoted and
executed by the Spanish Agency of Food Safety and Nutrition (AESAN) in 2022 [44]. As a
risk management action, the AESAN, following a 2021 risk assessment scientific report [26],
published a document in 2022 with recommendations on the consumption of EDs [44].
These recommendations remind athletes that EDs are not designed for rehydration and
should not replace hydration and the recovery of metabolites by the conventional means
such as water or, where appropriate, through isotonic drinks. They also say that the regular
consumption of caffeine (100 mg/day) may cause a moderate physical dependence and
tolerance, that an excessive caffeine consumption may have negative physiological effects
and that EDs should not be combined with alcoholic beverages [44]. The AESAN has also
recommended avoiding their consumption in case of children, adolescents, pregnant and
breastfeeding women, people with hypertension, cardiovascular problems or with sleep
disorders [44]. Finally, the AESAN risk communication campaign points out that EDs with
sugars may contribute to exceeding the daily intake recommendations of simple sugars
(the WHO recommendation: 50 g/day) since 250 mL of EDs may contain between 27.5 and
30 g of sugars and 500 mL of EDs between 55 and 60 g of sugars.

Although the dietary exposure to D-glucuronolactone is generally estimated to be low
(1–2 mg/day) [29,36], the detection of unspecified renal lesions (renal papilla inflammation)
in rats during the hazard identification of D-glucuronolactone raised concerns about the
safety of including this ingredient in EDs [45]. The lowest no-observed-adverse-effect level
(NOAEL) for these nephrotoxic effects was initially set at 300 mg/kg b.w./day, but based
on the subsequent histopathological findings regarding renal inflammation, the NOAEL
was finally set at 1000 mg/kg b.w./day [29].

Taurine (2-aminoethanesulfonic acid) is found in high concentrations in cardiac muscle
and the CNS, although its levels decrease significantly with age. Taurine, unlike caffeine,
behaves as an inhibitory neuromodulator. Its antioxidant and anti-inflammatory properties
suggest its participation in several biological processes (the stabilization of the plasma
membrane and bile salts, osmoregulation, calcium metabolism, skeletal muscle function-
ality and correct neuronal activity, among others) [46–48], but few studies have related
dietary exposure with cardiovascular and neurological effects [49–52]. There are several
dietary sources of taurine [36,46] that contribute to the estimated daily taurine intake
(10–400 mg/day) [30] but, depending on the type of diet, the dietary intake may be lower
(20–200 mg/day) [53]. In the case of omnivorous diets, the daily intake is estimated to
be at 58 mg of taurine/day [29]. Based on the taurine hazard characterization, the EFSA
established a daily reference intake of 1400 mg taurine/day for a 70 kg b.w. individual [29].
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A taurine supplementation has been associated with a potential protective activity in
aging brains and direct beneficial effects during nervous system toxicity episodes [54–57],
but the EFSA states that a taurine dietary intake does not increase the taurine levels in
the brain, ruling out the possibility of a stimulant effect on the CNS [29]. Therefore, a
taurine supplementation may not be necessary in healthy consumers. Although Health
Canada reported that acute taurine oral toxicity is low [58], and excess taurine may generate
cognitive and behavioral effects in young adults [59].

Because an exposure to D-glucuronolactone and taurine has raised safety concerns,
especially in high and chronic consumption scenarios [60], individual initiatives have
been launched in different countries, such as Germany and Denmark [61], promoting the
standardization of EDs with maximum caffeine levels at 32 mg/100 mL; taurine levels at
4000 mg/L; and glucuronolactone contents at 2400 mg/L [62].

Given this background, the objectives of the present assessment were to estimate
the dietary exposures to caffeine, D-glucuronolactone and taurine derived from EDs in
various consumption scenarios and for various consumer profiles, to characterize the
potential health risks and to suggest some recommendations for risk management and
communication.

2. Materials and Methods

The dietary exposure assessment (estimated daily intake, EDI) (1) of the three compo-
nents under study was conducted by studying different volumes of ED containers marketed
around the world (250, 333 and 500 mL) and the standard levels of caffeine (32 mg/100 mL),
taurine (4000 mg/L) and D-glucuronolactone (2400 mg/L) in the above-mentioned com-
mercial presentations. In addition, three consumption scenarios (250, 333 and 500 mL/day)
and three consumer profiles based on body weight (40, 60 and 80 kg) were evaluated.

EDI = C of caffeine/D-gluconolactone/taurine (mg/L) · V of ED (L) (1)

C: concentration; V: volume.
A 1000 mL (1 L) consumption scenario was not considered as it was considered to be

unusual among general consumers even though, according to Zucconi et al., 11% of all
adult and 12% of all adolescent consumers of EDs were excessive consumers ingesting at
least 1 L in a single ingestion [13].

The risk characterization for caffeine and taurine was performed by evaluating the
caffeine and taurine estimated daily intakes (EDIs) with the established reference intakes
for caffeine (intake > 1.4 mg/kg b.w./day leads to sleep disturbances; intake > 3 mg/kg
b.w./day causes general adverse effects (cardiovascular and hematological, neurological
and psycho-behavioral effects) [35] and taurine (1400 mg/day) [29].

In regard to D-glucuronolactone, the risk characterization was performed by calculat-
ing the margin of safety (MOS) using the no observed adverse effect level (NOAEL) and
the estimated daily intake (EDI) (2) [63].

MOS =
NOAEL (mg/kg of body weight/day)

EDI (mg/kg of body weight/day)
(2)

An acceptable value of the MOS for a NOAEL-based assessment extrapolated from an
animal study is ≥100 (factor 10 for an extrapolation from animals to humans and a factor
10 for interindividual variation in humans). The D-gluconolactone NOAEL is set by EFSA
at 1000 mg/kg b.w./day [29].

3. Results and Discussion

3.1. Caffeine: Exposure Assessment and Risk Characterization from EDs

Energy drinks are generally marketed worldwide in three standard volumes (250, 333
and 500 mL) and the most common caffeine content is 32 mg/100 mL. Considering these
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data, the estimated daily caffeine intakes for the three consumer profiles (40, 60 and 80 kg
body weight) under evaluation are shown in Table 1.

Table 1. Caffeine: dietary exposure assessment and risk characterization when consuming 250, 333
and 500 mL of 32 mg caffeine/100 mL EDs.

Volume of ED ingested (mL)

250 mL 333 mL 500 mL

Total caffeine intake (mg)

80 mg 107 mg 160 mg

Caffeine intake per kg of body weight (mg/kg b.w.)

Body weight: 40 kg 2 2.7 4

Sleep disorders X X X

General adverse
effects on health - - X

Body weight: 60 kg 1.3 1.8 2.6

Sleep disorders - X X

General adverse
effects on health - - -

Body Weight: 80 kg 1.14 1.3 2

Sleep disorders - - X

General adverse
effects on health - - -

X: caffeine intake is associated with health risks (either sleep disorders or general adverse effects); -: caffeine
intake is not associated with the characterized risk (neither sleep disorders nor general adverse effects).

The caffeine estimated daily intakes (EDIs) from EDs ranged from 80 mg when 250 mL
are consumed to 160 mg when 500 mL are ingested. These results are higher than those
previously reported by Zucconi et al. and the Norwegian Ungkost 3 study [13,28]. Accord-
ing to Zucconi et al., the daily caffeine exposure was estimated at 22.4 mg (0.32 mg/kg
b.w.) for adult European consumers and at 48.3 mg (0.7 mg/kg b.w.) for high chronic
consumers. Likewise, a daily caffeine exposure was estimated at 23.5 mg (0.38 mg/kg
b.w.) in European adolescents (10–18 years), increasing to 75.08 mg (1.18 mg/kg b.w.) in
chronic high adolescent consumers [13]. In 2015, the mean average daily caffeine intakes
in adults were estimated again, after observing a wide variability among EU Member
States, obtaining a caffeine intake of 37–319 mg [35]. More recently the Norwegian Ungkost
3 study estimated the dietary caffeine exposure from Eds at 36.8 mg caffeine/day [28].

For a 40 kg person, daily caffeine intakes are estimated to be 2, 2.7 and 4 mg/kg b.w.
when consuming 250, 333 and 500 mL, respectively. In the risk characterization, considering
the limit values established by the EFSA for sleep disorders (1.4 mg/kg b.w./day), the
authors conclude that any consumption equal to or higher than 250 mL will expose the
consumer to the risk of sleep disorders. Similarly, intakes of 500 mL will expose the 40 kg
b.w. consumer to levels over the 3 mg caffeine/kg b.w./day that the EFSA has correlated
not only with sleeping disturbances but also with general adverse health effects [35].

For a 60 kg individual, a daily caffeine intake is estimated to reach 1.3, 1.8 and
2.6 mg/kg b.w. after consuming 250, 333 and 500 mL of EDs, respectively. Based on the
EFSA health-based limit of 1.4 mg/kg b.w./day for sleep disorders, the risk characterization
suggests limiting the consumption of EDs to 250 mL to avoid the risk of sleep disorders.
However, the risk characterization concludes that any EDs consumption below 500 mL will
keep one’s caffeine intake below 3 mg caffeine/kg b.w./day, thereby avoiding the overall
adverse health effects [35].
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In the highest body weight scenario considered (80 kg), the daily estimated caffeine
intakes are 1.14, 1.3 and 2 mg/kg b.w. after consuming 250, 333 and 500 mL of EDs,
respectively. Based on the health-based limit of 1.4 mg/kg b.w./day for sleep disturbances,
the risk characterization suggests limiting the consumption of EDs to 333 mL to avoid the
risk of sleep disturbances. No overall adverse health effects are expected for any of the
three consumption scenarios.

ED consumers undoubtedly have a total caffeine intake that exceeds that observed for
non-EDs consumers [7]. As previously established by Ruiz and Scherr, Zucconi et al. and
Ungkost 3 (Norwegian Ungkost 3 Study), the results here show a trend of an increased di-
etary caffeine exposure due to the increasing consumption of EDs [13,23,28]. Nevertheless,
as reviewed by Verster and Koenig, caffeine intake is generally below the recommended
levels [64]. However, the authors suggest enhancing the use of these consumption rec-
ommendations based on the upper intake limits proposed by the EFSA in the education,
communication and management of the risks associated with EDs. All stakeholders should
also be encouraged to contribute by applying education and communication strategies to
minimize the risks associated with caffeine and to promote the moderate consumption of
EDs considering the diversity of the consumers.

Table 2 suggests different ED consumption limits according to the different body
weight profiles considered in this assessment. To prevent sleep disorders, the consumption
of EDs should be limited to 175, 262.5 and 350 mL in consumers of a 40, 60 and 80 kg body
weight, respectively. To prevent general adverse health effects, Eds formulated with 32 mg
caffeine/100 mL should be limited to 375, 562.5 and 750 mL in consumers of a 40, 60 and
80 kg body weight, respectively.

Table 2. Maximum quantities of 32 mg caffeine/100 mL EDs to be consumed (ml) to prevent risks
(sleep disturbances and/or general effects on health) derived from the caffeine content.

Body Weight (kg)

40 60 80 40 60 80

Maximum quantity (ml) of EDs to be consumed to keep daily intake <1.4 mg
caffeine/kg b.w. and avoid sleep disorders

Maximum quantity (ml) of EDs to be consumed to keep intake daily <3 mg
caffeine/kg b.w. and avoid general adverse effects

175 mL 262.5 mL 350 mL 375 mL 562.5 mL 750 mL

3.2. D-glucuronolactone: Exposure Assessment and Risk Characterization from EDs

Table 3 shows the estimated dietary intakes (EDI) of D-glucuronolactone from EDs
formulated with 2400 mg/L. For the risk characterization of the dietary exposure to D-
glucuronolactone from EDs, the margins of safety (MOS) were estimated considering the
NOAEL of 1000 mg/kg b.w./day [29]. As mentioned above, an acceptable value of the
MOS for an NOAEL-based assessment extrapolated from an animal study is ≥100.

Table 3. EDs formulated with 2400 mg D-glucuronolactone/L: exposure assessment and risk characterization.

Consumption Scenarios

EDs consumption (mL) 250 333 500

D-glucuronolactone intake (mg/day) 600 800 1200

Body weight (bw)
D-glucuronolactone

Intake by b.w.
(mg/kg b.w.)

40 kg 15.0 20 30.0

60 kg 10.0 13.3 20.0

80 kg 7.5 10.0 15.0

Body weight (bw) D-glucuronolactone
Margin of Safety (MOS)

40 kg 66.7 50 33.3

60 kg 100 75 50

80 kg 133.3 100 66.7
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A dietary exposure to D-glucuronolactone from EDs ranges from 600 to 1200 mg de-
pending on the volume of EDs with 2400 mg D-glucuronolactone/l consumed (250–500 mL).
Considering the different body weight profiles proposed (40, 60 and 80 kg), a dietary expo-
sure to D-glucuronolactone from EDs is estimated to vary from 7.5 to 30 mg/kg b.w.

Although the results here are higher than those previously reported for European
populations by Zucconi et al.: adolescent (100.14 mg/day = 1.65 mg/kg b.w./day), adult
(125.95 mg/day = 1.78 mg/kg b.w./day), chronic high adolescent EDs consumers
(311.6 mg/day = 4.9 mg/kg b.w./day) and chronic high EDs consumers (268.84 mg/day =
3.9 mg/kg b.w./day). The results here are similar to those estimated for acute Span-
ish consumers by Zucconi et al.: adult 906.32 mg/day (12.87 mg/kg b.w./day) and
143 mg/day (2.02 mg/kg b.w./day) in acute and chronic use of EDs, respectively; adoles-
cents 551.49 mg/day (9.56 mg/kg b.w./day); and 74.50 mg/day (1.27 mg/kg b.w./day) in
an acute and chronic consumption, respectively [13]. It is not possible to compare the re-
sults of the present study with those published by the Norwegian Food Safety Agency [65]
as this Agency estimated the mean average intake from Eds considering a 240 mg/L
D-glucuronolactone content.

The risk characterization performed in the present study by estimating the margin of
safety (MOS) suggests that the consumption of a high volume of EDs (up to 500 mL) reduces
the MOS. Individuals weighing 60 and 80 kg would only present an MOS ≥100 when their
consumption of Eds with 2400 mg of D-glucuronolactone/l is limited to 250 mL, although
in the latter case this is also observed when their consumption is 333 mL in 80 kg individuals.
These results do not support the EFSA statement based on the NOAEL established for the
toxicological effects of D-glucuronolactone (1000 mg/kg b.w./day) which reported that
dietary exposures at the levels present in EDs are not a health concern for a person of a
60 kg body weight, even when the chronic consumption of EDs is high (350 mL/day) [29].
Finally, an MOS <100 was estimated in all three consumption scenarios (250, 333 and
500 mL) for those individuals with low body weights (around 40 kg) so the health risks
from the exposure to the D-glucuronolactone contents in EDs might be expected.

3.3. Taurine: Exposure Assessment and Risk Characterization from EDs

Considering a mean taurine content in EDs of 4000 mg/L, Table 4 shows the estimated
taurine exposure under three EDs consumption scenarios (250, 333 and 500 mL) and
three body weights (40, 60 and 80 kg b.w.). Along with a taurine exposure, the risk is
characterized considering the reference EFSA intake for taurine set at 1400 mg/day [29,66].

Table 4. 4000 mg taurine/l EDs: exposure assessment (EDI).

.

EDs Consumption Scenarios

EDs volume (mL) 250 333 500

Taurine Intake (mg/day) 1000 1332 2000

Body weight (kg) and
Reference intake (mg/kg b.w./day)

[29]

Taurine Estimated Dietary Intake (EDI) per b.w.
(mg/kg b.w./day)

40 kg
(35 mg/kg b.w./day) 25 33.3 50.0

60 kg
(23.3 mg/kg b.w./day) 16.7 22.2 33.3

80 kg
(17.5 mg/kg b.w./day) 12.5 16.7 25

A taurine exposure from EDs varies from 1000 to 2000 mg depending on the vol-
ume of the EDs consumed. The acute taurine exposure estimated in the assessment
here (2000 mg/day) is similar to the acute taurine exposure previously assessed for the
European population (1851 mg/day and 1809 mg/day for adults and adolescents, re-
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spectively) [13]. However, the intake estimates are higher than those previously reported
for chronic consumers [13] not only for adult Europeans (271.9 mg/day (3.82 mg/kg
b.w./day)–585.8 mg/day (8.49 mg/kg b.w./day)) but also for adolescents (283.9 mg tau-
rine/day (4.6 mg/kg b.w./day)–924.3 mg taurine/day (14.5 mg/kg b.w./day)). The results
are also higher than the mean daily taurine intakes estimated by the ANSES, 181 mg/day
(3.02 mg/kg b.w./day; b.w. = 60 kg) for all consumers, 429 mg/day (7.5 mg/kg b.w./day;
b.w. = 60 kg) for regular users; and 714 mg/day (53.57 mg/kg b.w./day; b.w. = 60 kg) for
chronic users (P90)). The data here are at least five times higher than those reported by the
EFSA for adults for Spain in 2013, where a daily taurine exposure from the consumption of
EDs was estimated at 290 mg and 149 mg in adults and adolescents, respectively [13]. A
possible explanation for this growing dietary exposure from EDs is, as mentioned above,
the progressively increasing taurine content in EDs since the first commercialized formula-
tions [30].

According to the present study, a daily EDs ingestion of 500 mL exposes the consumer
to a daily dietary intake of 2000 mg of taurine, which exceeds the EFSA daily recommen-
dation of 1400 mg taurine [29]. Considering the different body weight profiles and Eds as
the only dietary source of taurine, the assessment here estimates that the taurine exposure
from EDs varies between 12.5 mg/kg b.w./day for 80 kg and 50 mg/kg b.w./day for 40 kg.

Considering EDs as the only dietary source of taurine, the following risk characteriza-
tion was assessed:

In 40 kg b.w. individuals, while the 250 and 333 mL consumption scenarios keep the
taurine intake from EDs below the reference value established by the EFSA (35 mg/kg
b.w/day), consuming 500 mL will expose the individual to intakes above the reference
intake, posing a health risk that may require management and communication measures,
such as those proposed above for caffeine.

In 60 kg b.w. individuals, the estimated dietary intake (EDI) ranges from 16.7 to
33.3 mg/kg b.w. Therefore, the 250 and 333 mL consumption scenarios will ensure that
the consumer keeps the taurine intake below the 23.3 mg/kg b.w./day considered as the
reference value.

In 80 kg b.w. consumers, the estimated dietary intake (EDI) when consuming 250 and
333 mL of EDs would be below the reference value of 17.5 mg/kg b.w./day and no risks
are to be expected. However, as before, a 500 mL consumption will expose the consumer to
exceeding the reference value and suffer the associated health risks.

Health Canada’s health risk assessment concluded that two ED units (250 mL) could
be safely consumed each day without negative health effects [58] because the acute oral
toxicity of taurine is considered to be relatively low.

The results here are similar to those previously reported by the VKM taurine risk
assessment from Eds and food supplements [65]. According to this agency, the dietary
intakes in the chronic Eds intake model were all below the reference value and it was
unlikely that a chronic taurine intake could cause adverse health effects. However, the
abovementioned agency considered that a chronic high taurine intake from EDs could
lead to health risks in young children (3 to <10 years) but not to children (10 to 14 years),
adolescents (14 to <18 years) or adults [65].

Finally, it is worth mentioning that the uncertainty of the possible effects of a joint
taurine and caffeine intake remains unclear, and this may influence a risk assessment as
there is a lack of knowledge about the risks of a long-term chronic exposure.

3.4. Risk Management

The management of the risks derived from the dietary exposure to these three EDs
active components would be strengthened if there was a legal framework for EDs at a
European level with the setting of maximum limits for the active components and their
possible combinations. The consumption of EDs and the results on health require a more
detailed analysis and follow-up as consumption patterns and risk minimization depend on
multiple factors, among which sociodemographic factors stand out [4,19]. Different authors
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and agencies highlight the need to regulate EDs, to limit and moderate their consumption
in children and adolescents, to promote the communication of recommendations and risks
associated with their consumption, among others [3,6,17,26,65].

The following recommendations stand out among the different strategies proposed to
minimize the health risks associated with EDs: limiting and regulating direct marketing [6,17],
raising awareness campaigns such as the one promoted by the AESAN in 2022 [44,67],
educational programs on the risks of combining alcohol and energy drinks [1,67,68], having
awareness and communication campaigns adapted to different genders and ages [69] and
the promotion of the follow-up/monitoring of consumption trends [26,67].

Furthermore, in terms of risk management, the authors suggest following the quadru-
ple helix model to enhance an active collaboration between risk managers and regulators
with the industry and the community in order to optimize labeling, portion sizes and risk
communication, among others. The volume of ED containers varies, reaching up to 500 mL
in some cases, but Energy Drinks Europe (EDE) has committed, in its Code of Practice, to
the production and marketing of containers with a net content of 250 mL as the main selling
proposition [42]. Moving forward with this initiative and limiting/regulating the volume
of marketed ED containers to a maximum of 333 mL would be an effective management
action to minimize the risks associated with high intakes of EDs.

4. Conclusions

The growing concern for assessing the health risks associated with the consumption
of EDs and the dietary exposure to their active components has led to the commitment of
academia, government, industry and society to increase awareness, knowledge and moni-
toring. It is undoubtedly necessary to advance in the establishment of a legal framework
for EDs in Europe that includes the setting of maximum contents of active ingredients, to
monitor the dietary exposures to all the active components and not exclusively caffeine and
to improve the information to consumers in collaboration with the industry and society
at large.

Regarding labeling, there is much room for improvement, such as indicating the
content of each of the ingredients, especially those that may pose a health risk, such as
D-glucuronolactone and taurine. Smaller volume packaging should be encouraged because
limiting this would contribute to moderating the exposure to the different active compo-
nents. Furthermore, as stated in the report of the Scientific Committee of the AESAN [26],
compliance with the industry’s commitment to marketing packages containing no more
than 250 mL is recommended to minimize exposure to the different active ingredients,
some of which are psychoactive, and as well as studying the possibility of stopping the
marketing of 500 mL packages.

Consumer recommendations on EDs should be included in risk communication and
educational campaigns to increase public awareness and risk perception. EDs advertising
and marketing should also be regulated.
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Abstract: Culinary education programs are generally designed to improve participants’ food and
cooking skills, with or without consideration to influencing diet quality or health. No published
methods exist to guide food and cooking skills’ content priorities within culinary education programs
that target improved diet quality and health. To address this gap, an international team of cooking
and nutrition education experts developed the Cooking Education (Cook-EdTM) matrix. International
food-based dietary guidelines were reviewed to determine common food groups. A six-section matrix
was drafted including skill focus points for: (1) Kitchen safety, (2) Food safety, (3) General food skills,
(4) Food group specific food skills, (5) General cooking skills, (6) Food group specific cooking skills.
A modified e-Delphi method with three consultation rounds was used to reach consensus on the
Cook-EdTM matrix structure, skill focus points included, and their order. The final Cook-EdTM matrix
includes 117 skill focus points. The matrix guides program providers in selecting the most suitable
skills to consider for their programs to improve dietary and health outcomes, while considering
available resources, participant needs, and sustainable nutrition principles. Users can adapt the
Cook-EdTM matrix to regional food-based dietary guidelines and food cultures.
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1. Introduction

Cooking and food skills proficiency, and frequent consumption of home-prepared
meals, are factors associated with higher diet quality, meaning dietary patterns more
closely aligned with food-based dietary guidelines (FBDG) [1–6]. Many countries have
created FBDGs to define dietary patterns associated with good health that also consider
local cultural and geographical factors [7]. Across these country-specific FBDGs, the core
nutrition principles consistently promote a dietary pattern with a high proportion and
variety of plant-based whole foods such as vegetables, fruits, and wholegrains, with the
addition of meat or meat alternatives, and often dairy or dairy alternatives [8–11]. However,
the international literature indicates dietary intakes of most populations are not consistent
with their nation’s respective FBDGs [12].

Culinary education programs that teach food skills* and cooking skills* for domestic
applications consider food agency* to varying degrees and are delivered in a range of
settings across education and health sectors (* defined in Box 1) [13–17]. These programs
commonly report positive outcomes such as improvements in diet quality [13,15,17–19],
cooking confidence [3,13,17–19], and nutrition knowledge [13,17,18]. Culinary interven-
tions that have incorporated food and cooking skills alongside gardening, physical activity,
or shared meal experiences and preparation activities have demonstrated further positive
outcomes [15,20]. Improving both food and cooking skill levels contribute to improvements
in diet quality [3], with some evidence that food skills are a better predictor of diet quality
compared with cooking skills [1,4]. Cooking skills may also play a role in preparing and
consuming foods consistent with sustainable nutrition principles, as limited cooking skills
for plant-based foods is reported as a barrier to reducing meat consumption [21]. Further-
more, improving food agency, which is associated with food and cooking skills, can lead
to greater cooking frequency, including more frequent cooking from scratch, and higher
intake of vegetables [22]. This evidence highlights the important role of culinary education
programs in enhancing participants’ food agency and both food and cooking skills.

However, not all studies report effects of culinary education on target health out-
comes, and only one review in the field performed meta-analysis, finding no significant
association between culinary education programs and anthropometric or cardiometabolic
outcomes [15]. Research on the effects of culinary education programs has been limited by
a range of factors including availability of valid tools for process and outcome evaluation,
and the variable quality of other study design characteristics [3,13,15–19]. Culinary educa-
tion research to date is further limited by insufficient reporting on the method of developing
programs and how content is selected and prioritised [3,23]. Wolfson et al. reported that
culinary education programs typically focus on “discrete mechanical tasks” [24], with little
information provided about how program content and cooking tasks were selected for
inclusion, and whether improving diet quality and health were considered [24]. There
is a need for culinary education program developers to provide a rationale for food and
cooking skill selection [24].
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Box 1. Definitions.

Cooking skills: include food preparation techniques such as chopping, mixing, and heating [25,26]
that may or may not require kitchen equipment. Cooking requires perceptual skills to understand
how various foods react when manipulated and conceptual skills to understand how different food
preparation techniques impact on the taste, colour, and texture of foods [25].
Food skills: are a distinct set of non-cooking skills where knowledge is applied to plan nutritious
meals and snacks; select, acquire, and store ingredients; and dispose of food-related waste [27,28].
Food agency: is a framework for understanding the act of cooking within the myriad of factors that
influence one’s ability both to obtain cooking skills and execute those skills within the contexts of
one’s social, physical, and economic environments [24,29].

The Cooking Education (Cook-EdTM) model was published to assist culinary education
program providers with the complex task of designing, implementing, and evaluating
programs that specifically aim to improve diet and health [30]. During the development
of the Cook-EdTM model [30], a gap was identified in the availability of tools for culinary
education program providers to assist them in selecting which food and cooking skills to
teach within time-limited programs that aim to improve diet quality and health. Such a tool
could help strengthen the evidence for food and cooking skill education programs, promote
efficient use of program resources, and support development of programs to improve diet
quality and health.

The current study addresses this gap through development of the Cook-EdTM matrix
to guide selection of food and cooking skills for inclusion in culinary education programs
that target improved participant diet quality and health. This paper describes a modified
e-Delphi process used to construct the matrix. The final Cook-EdTM matrix is provided in
Table 1, and this paper also discusses its potential applications as an applied tool that is
highly recommended to be used within the context of applying the Cook-EdTM model [30].
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2. Materials and Methods

Matrix Construction

The Cook-EdTM matrix was developed collaboratively by authors in Australia, Canada,
Switzerland, United States, and the United Kingdom with consideration to the findings of
the global review of FBDGs by Herforth et al. [31] to enhance its international relevance.
Here the three-step process of developing the matrix and its adaptability for international
use is described.

• Step 1. Developing the Structure of the Matrix

The final version of the Cook-EdTM matrix (Table 1) included 117 skill focus points
spread across six sections: (1) Kitchen safety skills, (2) Food safety skills, (3) General food
skills, (4) Food group specific food skills, (5) General cooking skills, (6) Food group specific
cooking skills. As the key function of the matrix is to assist with improving the diet quality
and health outcomes of culinary education program participants, sections four and six
of the matrix include skill focus points categorised by common food groups identified in
Herforth et al.’s review [31].

Herforth et al.’s review reported that over 90 countries have FBDGs developed for
general populations, with 78 countries also having a “food guide” with graphic representa-
tions. However, many had caveats around the use of the FBDGs, or separate guidelines
for people at a different life stage or people classified as not ‘healthy’. Across the food
guides examined in the review, the most common food groups included: starchy staples,
vegetables and fruits, protein sources (including meat, poultry, fish, eggs, legumes, nuts,
and seeds), dairy and dairy alternatives, fats and oils, and foods and food components to
limit. Therefore, columns within matrix sections four and six represent all of these food
groups.

• Step 2. Identifying and Mapping Culinary-Related Skills to Include in the Matrix

Author RCA (a qualified chef, dietitian, and culinary nutrition researcher) reflected on
her training and experience in kitchen and food safety, and reviewed consumer food safety
guidelines [32] to draft the initial list of skill focus points in matrix sections one and two.
Authors RCA and VAS (a dietitian and culinary nutrition researcher) then drafted a list of
general food skill focus points, applicable to all food groups, in section three, and a list of
food group-specific food skill focus points in section four based on food skills described by
Fordyce-Voorham [27], McGowan et al. [3] and Lavelle et al. [33]. They also drafted a list
of general cooking skill focus points in section five of the matrix and food group-specific
cooking skill focus points in section six based on domestic cooking skills described by
Raber et al. [34], McGowan et al. [3], Lavelle et al. [33], and Short [25,26]. In line with the
purpose of the matrix, in sections three to six, only skills considered relevant to promoting
diet quality and health were included. For example, healthier cooking methods such as
steaming are included in the matrix, whereas less healthful methods such as deep frying are
not included. Complex or specialised techniques that would not be necessary for domestic
cooking e.g., sous vide, were also not included.

• Step 3. Modified e-Delphi Process

The modified e-Delphi process used in this study is shown in Figure 1. In each round,
team members were asked to consider the study purpose when giving their responses.
As per a traditional Delphi method, three structured feedback rounds were conducted
collecting responses from all participants, blinded to each other’s responses within each
round. A cut off agreement rate of 75% [35–38] was required for decisions about the matrix
structure, skill focus point inclusion, order, and wording to be implemented in the matrix
presented in the following round and final matrix. The modified aspect of this e-Delphi
process [39] was the addition of a structured collaborative meeting in between rounds
two and three that provided the opportunity for all authors to participate and share ideas
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(non-blinded). Several key e-Delphi studies within the field of health and nutrition [36–39]
were also used to inform the modified e-Delphi methodology used in this study. Round
one of the modified e-Delphi took place in September 2019. Due to the disruption of the
COVID-19 pandemic, the next two rounds were postponed and completed between August
and October 2021.

Round 1

•Tool: Electronic survey distributed to all team members through Qualtrics (Qualtrics, Provo, Utah)
•Survey content: Original skill focus points on kitchen safety, food safety, general and specific food and
cooking skills
• Tasks: Indicate include/exclude for all skill focus points, add feedback on skill focus point order and
phrasing, suggest additional food or cooking skill focus points for consideration in next round

Round 2

•Tool(s): Two electronic surveys distributed through Qualtrics
•Survey conent
•One: All focus points that achieved 75% consensus agreement in round one, with new skill focus points
added for consideration
•Two: Review matrix layout and design (including font style, size), possible use of learning links.
•Tasks: Indicate include/exclude for all skill focus points, review format, and design aspects, add feedback on
order and phrasing of focus points, suggest additional food or cooking skill focus points for consideration in
final round, specific short answer questions on glossary (see Appendix A) and aspects of usability

• Tool: Online Zoom platform (Zoom Video Communications Inc, San Jose, CA) was used to conduct two team
meetings
• Meeting content: Structured discussion on matrix usability and how to incorporate skills for environmentally
sustainable dietary patterns.
•Tasks: Contribute to discussion and complete follow up survey that reviewed meeting questions and allowed
further feedback opportunities

• Tool: All participants individually provided with a form in Microsoft Word (Microsoft, Redmond, WA)
• Table Content: Draft matrix including all skill focus points
• Tasks: Indicate include/exclude for new skill focus points, indicate accept/ do not accept for focus point
phrasing. Priority order required experts to incidate accept/do not accept of current format with opportunity
to suggest alternate priority order

Figure 1. The modified e-Delphi process used in this study.

Round one involved nine authors as participants and a fellow researcher from the
University of Newcastle who could not continue to contribute due to changing work
commitments (see acknowledgements). Six additional colleagues and collaborators joined
the team from round two through to completion. In total, 16 team members (all are authors
of this paper) completed rounds two and three. Team members have extensive experience
and training in one or more of the following fields: nutrition (CEC, LC, SFV, VAS), dietetics
(CEC, JS, KD, RCA, RG, SS, TJ, VAS), commercial cookery (JAW, RCA), cooking and food
skill (culinary) education research and/or program development (all authors), behavioural
and consumer sciences (FL, KvdH, MD, TB), public health (CEC, JAW, JS), education and
curriculum review (LC, SFV, TJ), and occupational therapy (AR).

Ethical considerations: Ethical approval was not needed for this research as the
participants were the authors and acted in a consultation capacity.
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3. Results

The final matrix includes 117 skill focus points, including 5 kitchen safety skills, 6 food
safety skills, 19 general food skills, 24 food group-specific food skills, 5 general food and
cooking skills, and 58 food group specific food and cooking skills (Table 1). Working down
the matrix, each column lists the order in which the skills would typically be performed
when preparing food i.e., acquiring, transporting, storing, preparing, cooking, disposing,
repurposing, or recycling food or its by-products. A glossary of terms used in the matrix is
provided in Appendix A.

3.1. Modified e-Delphi Consensus and Refinement of Food and Cooking Skill Focus Points

Table 2 details changes in the number of skill focus points in each section of the
matrix during the modified e-Delphi process. Throughout the e-Delphi process, new skill
focus points were created and some skill focus points were merged. There were 13 skill
focus points that did not reach the ≥75% consensus required for inclusion, and these were
removed. Skill focus points did not achieve consensus on the basis of: (1) skills were
deemed as beyond what is required to achieve a healthy dietary pattern, (i.e., butterfly
meats or prepare dough) or (2) concepts that required a high level of existing nutrition
knowledge, which were therefore out of the scope of achieving a healthy dietary pattern in
the general population (e.g., understanding the functional properties of foods). Comments
made by the participants during round three of the modified e-Delphi further highlighted
the need to refine skill focus points to contain a verb statement constructed as a learning
objective. Using Blooms Taxonomy [40], the majority of skill focus points were rephrased
as a learning objective with an embedded safety, food, or cooking skill.

Table 2. Kitchen safety, food safety, food skill, and cooking skill focus points: Selection and categori-
sation throughout modified e-Delphi rounds.

Matrix Section Food Group Focus Points (n)

Year 2019 2021
e-Delphi
Round Original 1 2 3

1. Kitchen Safety Skills 2 5 5 5
2. Food Safety Skills 9 6 6 6
3. General Food Skills 20 17 20 19
4. Food Group Specific
Food Skills Vegetables 7 7 9 7

Fruit 6 6 * *
Grains 4 5 5 4
Meat and Alternatives 4 5 7 6
Dairy and Alternatives 5 3 4 4
Extras 2 3 3 3

5. General Cooking Skills 5 5 6 5
6. Food Group Specific
Cooking Skills Vegetables 20 20 21 20

Fruit 9 8 * *
Grains 11 12 10 10
Meat and Alternatives 23 22 20 20
Dairy and Alternatives 7 6 4 4
Extras 4 4 4 4

Total 138 134 124 117
Team members
participating (n) 2 7 15 15

Tools used in e-Delphi round Qualtrics
Survey

Qualtrics
Survey

Structured
Table

* Fruit merged with Vegetables subgroup from round 2.
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3.2. Modified e-Delphi Team Meetings

While the initial focus of the matrix was to identify food and cooking skills necessary
to achieve a healthy dietary pattern, as discussions progressed, the importance of including
food and cooking skills to support sustainable dietary patterns for human and planetary
health emerged [41,42]. This resulted in existing skill focus points (Table 1) being reviewed
to incorporate sustainable nutrition principles where practical and relevant, e.g., emphasis-
ing the importance of and practical ways of improving legume consumption (skill focus
point 4.3.4), the concept of recycle, reuse, and reduce (3.19), and in developing processes to
use the complete food source (6.1.2). These skill focus points were then reviewed in round
three of the e-Delphi for inclusion or exclusion and optimal phrasing.

3.3. Using the Cook-EdTM Matrix Together with the Cook-EdTM Model to Determine Priority Food
and Cooking Skills

Where applicable, food and cooking skills specific to each of the common food groups
are outlined in sections four and six of the matrix to ensure the necessary skills required to
select, prepare, and ultimately consume a wide variety of foods from each of these groups
can be achieved. While the matrix can be used on its own as an applied programming tool
to guide content and learning materials, it is highly recommended that program providers
use it within the context of applying the Cook-EdTM model [30] (as shown in Figure 2).
The Cook-EdTM model has been created to assist program providers in tailoring culinary
education programs to the needs of specific groups and guide them through all steps
of program creation from conception and development to evaluation [30]. The selection
and structure of culinary education program activities, such as food and cooking skill
instruction, should align with the program aims and objectives as well as participant’s
learning goals and needs [43,44]. Once program aims and objectives have been defined
using the model (see Cook-EdTM model [30] Stage 4—“Develop program content and
facilitation guides”), culinary education program providers can use the matrix (Table 1) to
select and prioritise food and cooking skills to teach based on the needs and characteristics
of the target audience and information gathered in program planning (see Cook-EdTM

model [30] Stages 1 to 3—“Define the cooking-related need or problem”, “Consider behavior
change factors”, and “Capacity assessment”).

Health and safety principles should underpin food and cooking skill education pro-
grams to any audience and be a common thread integrated throughout the program. These
are listed within section one and two of the Cook-EdTM matrix (Table 1). Throughout a
cooking program, participants should receive appropriate information about health and
safety, applicable to the demonstration kitchen and also the home setting where learned
skills will be applied. This may include information on the safe handling of knives, electri-
cal equipment, hot surfaces, slip or trip hazards in the kitchen, and appropriate kitchen
attire. This is in addition to general food safety knowledge and practices to minimise
microbial and other contamination of food.

Program providers without nutrition and dietetic expertise are encouraged to consult
with such qualified professionals in the planning phases to ensure that program content
aligns with current dietary advice and nutrition principles.

When determining skills to include, life stage, cognitive and motor skills of participants
also need to be considered, e.g., culinary education programs for younger children need to
teach food and cooking skills that are developmentally appropriate [45]. For people with
cognitive and/or physical impairments, the demands of the skills selected need to consider
an individual’s capacity to perform the skill and the availability of helpful modifications
(e.g., assistive technology). Consultation with an occupational therapist is suggested to
support efficient and effective skill development and/or adaptation to the environment or
activity to enable participant engagement.
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Figure 2. Illustration showing where to introduce the Cook-EdTM matrix when applying the Cook-
EdTM model [30].

The Cook-EdTM matrix has been designed to support practical application of learning
theory by program providers. The matrix assists with the selection of appropriate activities
and can therefore support matching of both food and cooking skill development needs
with the current skill levels of program participants. Evaluation data gathered may also be
used to modify future programs in an iterative manner.

3.4. Consdering Appropriate Skill Level of Cook-EdTM Matrix Items

To enhance usability of the Cook-EdTM matrix, the concept of tiered learning oppor-
tunities (See Box 2) for some skill focus points was raised in the e-Delphi. For example,
skills focus points could be further broken down into basic, intermediate, and advanced
skills. The basic level is suitable to achieve a healthy dietary pattern, with intermediate and
advanced levels offering enhanced skills to expand food and cooking skill development
opportunities. This concept would allow program providers to select the level of the skill
focus point that is best suited to the abilities and needs of their participants and adapt
teaching as their skills increase, allowing them to build on skills previously acquired.

Box 2. Example of a tiered learning opportunity for skills focus point 6.3.1.

Original: prepare legumes, and minimally processed/whole food alternatives
Basic: identify low/no sodium tin/canned legume varieties, drain, and rinse for use
Advanced: purchase dried legumes and prepare using pressure cooker to reduce cooking time,
freeze excess for use in other dishes.
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4. Discussion

The Cook-EdTM matrix is a comprehensive set of safety, food, and cooking skills
specific to common food groups in FBDGs. To our knowledge, the matrix is the first tool
available, generated through expert consensus, to guide researchers and culinary education
program providers in selecting skills to improve diet and health outcomes. The skill focus
points aim to promote development of skills required to achieve healthy dietary patterns
that align with FBDGs for a general population and incorporate sustainable nutrition
principles. It is recommended that the Cook-EdTM matrix be used in the context of applying
the Cook-EdTM model [30], as illustrated in Figure 2, so that it guides culinary education
program providers to select the most suitable skill focus points based on participants’
available resources and needs.

Limitations of cooking research to date include weak study designs, a high degree of
heterogeneity in outcome measures and study populations, and poor reporting of program
development activities, including selection of program content [3,16–19]. When used
together (Figure 2), the Cook-EdTM model [30] and the Cook-EdTM matrix (Table 1) provides
researchers and culinary education program providers with resources to strengthen the
evidence for culinary nutrition education programs and their influence on diet quality
and health.

Consideration of other factors influencing cooking behaviour should be recognised.
Healthy cooking behaviour is complex, and a myriad of personal, socioeconomic, cultural,
and environmental factors can interact to influence cooking behaviour and diet quality [4,5].
Factors other than food and cooking skills, such as socio-demographic characteristics,
nutrition knowledge, and psychological wellbeing are key influences on diet quality [4]. In
a nationally representative sample of adults in the USA, Wolfson et al., [6] reported that
cooking frequency does not influence diet quality equally across socio-economic groups,
suggesting additional factors such as food provision may be more pertinent considerations
for culinary nutrition education program providers when working with different groups.
As recommended in the Cook-EdTM model [30], conducting an assessment of these factors
before developing program content, and iteratively through program implementation, can
inform education sessions focused on highest priority skills. Examples of prioritising skills
in a culinary nutrition education program after assessment of the target audience can be
found in Table 3.

Table 3. Example of prioritising skills in a culinary nutrition education program.

Participant Context Do not Prioritise Do Prioritise

Limited access to fresh produce due
to finances, availability, or capacity to
safely store food

Preparation skills of mainly fresh
vegetables and fruit
Recipes with expensive ingredients,
batch cooking for freezing, and/or
for use in multiple meals

Food and cooking skills for frozen,
canned, and/or identify long-storage
shelf life vegetables (e.g., cabbage)
Preparation of single portion meals
using econonomical ingredients

No access to a blender Blended soups, puree, or sauce

Soups or dips that remain texturally
and visually appealing when mashed
with a fork and served chunky
Assess food products using food
label information and price to select
most nutritious soup, puree, or sauce
options that are compatible with
sustainable practices and/or
resources available

Young children not yet able to use
knives and hot cooking equipment
independently

Meals and snacks that require
extensive cutting with large sharp
knives (e.g., pumpkin) and/or use
of heat

Meal and snack assembly skillsSoft
food items that can be easily cut with
appropriate knives (e.g., banana,
mushrooms)
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Complimentary activities such as shared meal preparation, sitting down to a shared
meal at the close of a practical session, and taste testing may be considered, and are fre-
quently associated with, positive outcomes [46–49]. These can enrich culinary learning
programs and enhance learning experiences by encouraging group discussion, family food
preparation and meal planning discussion beyond the program and provide participants
with opportunities to try new recipes and unfamiliar foods and flavours [46,48,49]. De-
veloping an appreciation of new flavours, tastes and foods, and increased preference for
fruit and vegetables can support dietary intakes that align more closely with FBDGs [46,48].
Similarly, program providers may consider other social and physical activities, such as
gardening, grocery store tours, or physical activity sessions that can enhance program
outcomes [15].

Incorporating sustainable nutrition principles was not an a priori aim of the matrix.
However, it was an important consideration raised by participants during the e-Delphi
process who recognize that culinary education researchers, program providers, and con-
sumers all have a key role to play in achieving environmentally sustainable nutrition goals
that can also be compatible with achieving higher dietary quality and favourable health
outcomes [42,50]. Informed by the growing evidence on healthy diets from sustainable food
systems, the e-Delphi participants acknowledged that foods consistent with sustainable
nutrition principles (e.g., unprocessed plant-based food) can require greater time, effort,
and skill to prepare, and they must taste good and be culturally appropriate [42,50]. With
the current developments towards sustainable nutrition, the complexity of food skills to
be taught in interventions is increasing substantially, and therefore sustainable nutrition
principles were considered an important element to consider when developing skill focus
points in the matrix.

The Cook-EdTM matrix may have other applications beyond dedicated culinary ed-
ucation programs. For example, many of the food skill components of the matrix could
be used to guide the content of nutrition education sessions in health-related programs
(e.g., in chronic disease prevention or treatment programs reviewing local nutrition rec-
ommendations for different stages of life and health needs, or investigating the nutrient
profiles of each core food group, their functions, and roles), which may not always have the
facilities, resources, or time allocation to practically teach cooking skills). Other examples
include learning to recognise key nutrition and culinary terms, planning a menu to meet
personal and household needs, and accompanying shopping/grocery list. Furthermore,
with the onset of the COVID-19 pandemic, a transition to virtual education modes to deliver
culinary education programs has been more common with programs facilitated outside the
traditional kitchen space [51,52].

A strength of this study is that the authors contributing to the development of the
matrix are an international team, but it needs to be highlighted that this expertise is focused
across countries with similar food and cooking cultural requirements. The Cook-EdTM

matrix has broad international relevance, but culinary education providers should consider
the items in the matrix within the context of their own FBDGs, food and cooking culture
and practices, and food availability and adapt the matrix accordingly. Additional food
and cooking skills may need to be considered for the matrix to be applied to programs
for other cultural groups and countries with eating patterns other than a Western diet.
Similarly, additional food and cooking skills may need to be considered for non-domestic
culinary education programs (e.g., commercial cookery programs), or programs where
skills to improve diet quality and health are not the primary aim. A limitation of the matrix
is that it is not a comprehensive list of all food and cooking skills that could be included in
culinary programs

A further strength is that the design of the matrix and skill focus point selection
process, via a modified e-Delphi process with three rounds, permitted independent and
deep analysis to develop the final skill focus points shown in the matrix in Table 1. It is
acknowledged that while the use of the Herforth et al review of FBDG provided a structured
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approach for linking the matrix learning objectives with dietary quality outcomes, the
approach to incorporating sustainable nutrition principles was less structured [31].

5. Conclusions

The Cook-EdTM matrix presented is an evidence-based applied tool to assist in the
selection and prioritisation of food and cooking skills for inclusion in culinary nutrition
education programs to improve diet quality and health of participants. The matrix can
be used in a variety of global settings by adapting outcomes to meet country-specific
FBDGs. By detailing the process of developing the matrix and publishing it here as a
freely available tool in an open access journal, cooking program providers in a variety of
settings will be able to use the Cook-EdTM matrix as a program development tool. To assist
with tracking the application and impact of the Cook-EdTM matrix, we encourage users to
acknowledge when and how the matrix was used in their projects. When used together
with the Cook-EdTM model [30], the Cook-EdTM matrix supports program providers in
selecting and prioritising food and cooking skills relevant to their participant group based
on program goals, nutrition recommendations for different life stages, and participant skill
development needs and preferences. Further research is needed to examine the application
of the matrix as an applied tool to guide program content development across a wide range
of settings and target groups.
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Appendix A

Table A1. Glossary of key terms within the Cook-EdTM matrix.

Term Definition

Kitchen & Food Safety

Cross-contamination Unintended movement of micro-organisms, contaminants, or allergens from between
foods e.g., from raw food to cooked food [53].

Microbial contamination Unintended introduction of potentially harmful microorganisms (e.g., bacteria, mould,
fungi, yeast) into food.
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Table A1. Cont.

Term Definition

Kitchen & Food Safety

Personal hygiene
The practice of maintaining a standard of cleanliness of one’s body. Personal hygiene
required for food preparation can include hand and body washing, cough and sneeze
etiquette, maintenance of hair and nails, clothing.

Food & Nutrition Terminology

Beans A type of legume, examples include red kidney beans, black beans, borlotti beans.

Chickpeas A type of legume.

Convenience food Food that requires little preparation or cooking prior to consumption. Often refers to
commercially prepared food such as TV dinners, ready-meals, frozen meals.

Cooking skills

Include a range of food preparation techniques such as chopping, mixing, and
heating [25,26] that may or may not require kitchen equipment. Cooking requires
perceptual skills to understand how various foods react when manipulated and
conceptual skills to understand how different food preparation techniques impact on the
taste, colour, and texture of foods [25].

Core foods The Australian Dietary Guidelines definition “foods that form the basis of a healthy diet,
based on or developed with reference to recommended daily intakes (RDIs)” [8].

Core food groups (within
the Cook-EdTM matrix)

Vegetables and Fruits, Grains, Meat and Alternatives (e.g., legumes, nuts, seeds, tofu),
Dairy and Alternatives.

Dietary fibre
Edible part of plant food that resists digestion in the small intestine and may be
fermented to varying degrees in the large intestine. Includes soluble and insoluble fibre
and resistant starches.

Dietary pattern Refers to the variety, amount, and combination of food and drinks in the diet and the
frequency with which they are habitually consumed.

Fats & Oils

Edible fats and oils occurring naturally in food, used in food manufacturing or cooking.
May also be referred to as dietary fat. Dietary fats can be classified as saturated fat, trans
fat, polyunsaturated fat, and monounsaturated fat. Edible fats and oils typically contain a
combination of the different dietary fat.

Food-based dietary
guidelines

The Food and Agriculture Organization of the United Nations definition (also known as
dietary guidelines) are intended to establish a basis for public food and nutrition, health
and agricultural policies, and nutrition education programmes to foster healthy eating
habits and lifestyles. They provide advice on foods, food groups, and dietary patterns to
provide the required nutrients to the general public to promote overall health and
prevent chronic diseases” [7].

Food skills

Include meal planning, shopping, budgeting, resourcefulness, and interpreting food
labels and nutrition information panels [27,33]. Lavelle et al. 2019 used psychometric
testing to delineate food skills as a distinct set of non-cooking skills that enable
individuals to apply knowledge about food to then prepare meals and snacks that are
nutritionally appropriate within the available resources [33].

Food waste
The Food and Agricultural Organization definition “the decrease in quantity or quality of
food resulting from decisions and actions made by retailers, food service providers and
consumers” [54].

Grains Commonly referred to as cereals or cereal grains and which are the edible seeds of
specific grasses [8].

Legumes
Plant in the Leguminosae (Fabeceae) family. The term legume may also be used to refer
to the edible seed or pod (e.g., beans, lentils, peas, and chickpeas). Legumes come in a
variety of shapes, sizes, and colours.

Lentils A type of legume, examples include yellow lentils, brown lentils, red lentils.
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Table A1. Cont.

Term Definition

Food & Nutrition Terminology

Meat alternatives Can include a range of wholefood items such as nuts, seeds, legumes and mushrooms, or
minimally processed foods made from combinations of these.

Menu plan A detailed list of dishes and/or recipes for a specific meal, day, or week.

Minimally processed

NOVA classification definition “natural foods altered by methods that include removal of
inedible or unwanted parts, and also processes that include drying, crushing, grinding,
powdering, fractioning, filtering, roasting, boiling, non-alcoholic fermentation,
pasteurisation, chilling, freezing, placing in containers, and vacuum packaging . . .
methods and processes . . . designed to preserve natural foods, to make them suitable for
storage, or else to make them safe or edible or more pleasant to consume” [55].

Non-core food Foods that do not fit within the definition of ‘core foods’ (refer to core foods).

Non-core food group
(within the Cook-EdTM

matrix)
Extras (also called energy dense, nutrient poor foods, discretionary or junk).

Nutrient dense foods A good source of essential macro and micronutrients.

Peas A type of legume, examples include chickpeas, black-eyed peas, split peas.

Plant-based A meal or dietary pattern that focuses on including mostly core foods that come from
vegetable, fruit, nuts, seeds, legumes, and wholegrain groups.

Pulse The edible, dried seed of a legume (e.g., beans, lentils, peas, chickpeas). The term legume
is used to describe pulses within the matrix.

Processed products
Made by adding salt, oils, sugar or items used to prepare and/or season food. Using
preservation methods such as canning, bottling, and in some cases using non-alcoholic
fermentation processes [55].

Shelf life The expected length of time a food will maintain its best quality [53].

Shelf stable Does not require refrigeration.

Staple food Food item(s) that are eaten frequently and form the basic components of a usual dietary
pattern [53].

Storage life Time in which a food item can be safely kept in the fridge, freezer, or pantry to maintain
quality and remain edible.

Sustainable eating Selecting foods that are healthful for the environment and that support human health.

Vegan A meal or dietary pattern that includes only foods from plant-based origin.

Vegetarian
A meal or dish that focuses on including mostly core foods that come from vegetable,
fruit, nuts, seeds, legumes, and wholegrain foods with variation that can include some
dairy, seafood, and eggs.

Ultra-processed

NOVA classification definition “formulations of ingredients, mostly of exclusive
industrial use, made by a series of industrial processes, many require sophisticated
equipment and technology . . . colours, flavours, emulsifiers and other additives . . . to
make the product palatable or hyper-palatable” [55].

Culinary terms

Absorption method
Wholegrains like rice or quinoa, place in cool water, bring the water to the boil, simmer
for a short period and then turn off heat and cover with pot lid for the remainder of the
cooking time to allow grain to absorb liquid and finishing cooking for a drier, fluffy result.

Baking Cook food in dry heat in an oven.

Blanch To subject food to boiling water by plunging into boiling water and removing after a few
seconds.
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Table A1. Cont.

Term Definition

Culinary terms

Blend (puree) Using a mini blender/stick blender/bar mix or hot blender (e.g., ThermomixTM) to
produce a finely mashed, smooth, or liquid consistency.

Boil Cook food submerged in a boiling liquid, or food being cooked at boiling point.

Dice/cube To cut even pieces in the rough shape of a dice or cube, size of dice/cube dependent upon
the dish being prepared.

Grate
Using a vegetable/box grater, run the food item down and up or along the grater, being
mindful of having the grater set securely on a cutting board or large plate/bowl and to
keep fingers at a safe distance.

Grill Cook food by radiant heat. May also be referred to as broiling or barbequing.

Pan fry Cook food in a small amount of fat/oil. May also be referred to as shallow frying or sauté.

Poach Cook food in a liquid that is below boiling point.

Roast Cook food in dry heat in the presence of fat/oil.

Sauté Cook food in a small amount of fat/oil. May also be referred to as pan frying or sauté or
gently fry.

Scratch cooking Cook food from raw or minimally processed ingredients.

Simmer Cook food submerged in a liquid that is just below boiling point but bubbling.

Slice To cut thin pieces either along or across the food item depending on the dish being
prepared.

Stew/Slow cook Cook food at a long temperature for an extended period of time in a sufficient amount of
liquid; the food and cooking liquid are typically served together.

Steam Cook food in steam/vapour.

Shallow fry Cook food in a small amount of fat/oil. May also be referred to as pan frying or sauté.

Stir fry Cook food in a small amount of oil, often at a high heat for a short period of time while
stirring constantly. Stir frying is often performed in a wok (bowl shaped pan).

Key: the section headings and subheadings appear as bolded text
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Abstract: Women of reproductive age have a high proportion of overweight/obesity and an overall
poor nutritional intake and diet quality. Nutritional modelling is a method to forecast potential
changes in nutrition composition that may offer feasible and realistic changes to dietary intake. This
study uses simulation modelling to estimate feasible population improvements in dietary profile by
reducing ultra-processed food (UPF) consumption in Australian women of reproductive age. The
simulation used weighted data from the most recent 2011–2012 National Nutrition and Physical
Activity Survey. A total of 2749 women aged 19–50 years was included, and 5740 foods were
examined. The highest daily energy, saturated fat, and added sugar and sodium came from UPF.
Reducing UPF by 50% decreased energy intake by 22%, and saturated fat, added sugar, sodium, and
alcohol by 10–39%. Reducing UPF by 50% and increasing unprocessed or minimally processed foods
by 25% led to a lower estimated reduction in energy and greater estimated reductions in saturated fat
and sodium. Replacement of 50% UPF with 75% of unprocessed or minimally processed foods led to
smaller estimated reductions in energy and nutrients. Our results provide insight as to the potential
impact of population reductions in UPF, but also increasing intake of unprocessed or minimally
processed foods, which may be the most feasible strategy for improved nutritional intake.

Keywords: dietary modelling; simulation modelling; reproductive age; women; ultra-processed food;
discretionary nutrients; Australian Health Survey; NOVA classification

1. Introduction

Reproductive life stages include the preconception, pregnancy, and postpartum period,
and it typically refers to all women aged 15–49 years [1]. Women in this reproductive age
group have demonstrated the greatest rise in the prevalence of obesity [2], with up to 1 kg
annual weight gain from early adulthood to middle-age [3]. Whilst such weight gain is known
to play an adverse role in maternal and offspring health during pregnancy [4,5], excessive
weight gain before, during, and after pregnancy also posits heightened risk for early and
future chronic disease risk such as type 2 diabetes and cardiovascular disease [6–8].

There is clear evidence indicating that women of reproductive age have poor diet qual-
ity and consumption patterns, reflected by a low intake of fruits and vegetables and higher
intakes of discretionary foods containing added sugar, sodium, and saturated fat [9–14].
Furthermore, there is increasing concern that excess consumption of industrially processed
foods is driving the increase in the prevalence of diet-related chronic diseases [15]. Such
foods that, for example, include packaged instant soups and noodles, and pre-prepared
meat, fish, and vegetables, are often made from cheap ingredients and additives, which
are lower in nutritional quality and higher in energy density [16]. While most young and
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older consumers understand the term ‘ultra-processed’, and they can correctly classify
items such as soft drinks, biscuits, and confectionary, they tend to mis-classify some more
healthful foods such as milk, flour, meat, cheese, and bread [17,18], potentially contributing
to lower intakes of these foods.

Intakes of ultra-processed foods (UPF) are increasing, with food surveys demonstrat-
ing around 27–60% total daily energy intake in adults from UPF [5,19–21], including 38.9%
of total energy intake among Australian adults [22]. Limited studies have specifically ex-
amined UPF intake in women; intake of UPF was 33% in UK women aged 19–60 years [23],
51.2% of total daily energy intake in Brazilian women aged 21 to 24 years of age [24],
and 59% in Korean women aged 19–64 years [25]. High intakes of UPF, equivalent to
approximately 76% of total energy intake is associated with a 30% higher risk for obesity in
Canadian adults [21], and in an adult French population a 10% increase in the proportion
of UPF is associated with an approximate 10% higher risk for cardiovascular disease [26]
and cancer [27]. In Australia, an increased dietary share of UPF was also associated with
higher BMI [22], and an increased risk of inadequate intakes of nutrients critical to obesity
and other non-communicable diseases [28].

Modelling studies use analytical methods that account for events over time and across
populations and that are based on data drawn from a range of sources [29]. Within the
Australian context, nutritional modelling has been used to forecast or predict changes in
dietary intake quantity and/or composition that are needed to achieve certain targets, such
as the Australian Dietary Guidelines [30], and that has demonstrated impactful population
level reductions in salt and trans fatty acid intake, along with implementation of sodium
and trans-fat reformulation programs [31]. Modelling taxes on saturated fat, salt, sugar, and
sugar-sweetened beverages, and placing a subsidy on fruits and vegetables, estimated cost-
savings for the Australian health sector [32], with more than 30,000 deaths from coronary
heart disease, stroke and cancer predicted to be saved if UK dietary guidelines were met [33].
No studies have assessed the impact of theoretical changes to UPF consumption using
Australian data. This is clearly of relevance, particularly in women of reproductive age,
given their overall poor dietary quality, increasing rates of overweight and obesity, and
that diet and lifestyle intervention studies are currently ineffective for consistent weight
management or loss, particularly during pregnancy and post-partum [34]. In reproductive
age women participating in the 2011–2013 Australian Health Survey, the aims of this study
are to (1) describe the energy, macronutrient, and discretionary nutrient profile according to
the NOVA food classification and their contribution to total daily energy intake; and (2) use
simulation modelling to estimate feasible population improvements in dietary profile by
reducing ultra-processed and processed food consumption. Outcomes from the modelling
scenarios will enable the development of dietary interventions to improve diet quality and
support body weight loss in these at-risk women.

2. Materials and Methods

2.1. Study Population

The data source for this study was the National Nutrition and Physical Activity Survey
(NNPAS) 2011–2012, part of the 2011–2013 Australian Health Survey [35]. This survey
studied a randomly selected, national sample (n = 12,153) of the Australian population
using a complex, stratified, multistage probability cluster sampling design with selection of
strata, households, and people within households. The current analysis used the food intake
data from the first 24-h recall among reproductive aged women 19–50 years (n = 2749),
and population weighted using sample weighting factors provided in the survey [35].
The Census and Statistics Act, 1905, provided the Australian Bureau of Statistics with the
authority to conduct NNPAS, with all respondents providing written informed consent.

2.2. Dietary Data

AUSNUT 2011–2013 was the Food Standards Australian and New Zealand nutri-
ent database [36] developed to enable food, dietary, supplement, and nutrient intake
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estimates to be made from the 2011–2013 Australian Health Survey [35]. The AUSNUT
2011–2013 database groups foods according to a major (2-digit), sub-major (3-digit), or
minor (5-digit) food group. The 5-digit group then forms the basis of the survey ID (8-digit)
assigned to each food, beverage, or ingredient, as previously described [37]. Weighted
population averages for each unique 8-digit food code were obtained using SPSS software
(version 25, IBM SPSS Inc., Chicago, IL, United States). Population intakes of food (grams),
energy, macronutrients, and discretionary components (mean intake/day) were aggre-
gated with the food data and nutrient values (per 100 g) from AUSNUT 2011–2013 [36] in
Microsoft Excel (2019, Microsoft Corporation, Redmond, WA, USA).

Each food was allocated to one of the four NOVA food groups [38]. The NOVA
system is a food classification based on the nature, extent, and purpose of industrial
food processing, which classifies foods into four groups: unprocessed and minimally
processed foods; processed culinary ingredients; processed foods; and ultra-processed
foods (UPF) [39]. The NOVA food classification system was based on what was previously
applied to all 5740 8-digit food and beverage items in AUSNUT 2011–2013 [37,40]. As such,
results presented in the simulation models and the NOVA foods are slightly different from
each other, as the NOVA system classifies each individual food item within a mixed food
item to a NOVA group and is more granular, whereas in the modelling dataset, the entire
food is allocated to either an unprocessed, processed, or minimally processed food group.

2.3. Dietary Scenarios

The first model strategy used a simulation model to reduce the gram weight of all
UPF by 50% (Model 1). This strategy was chosen to demonstrate the effects of reducing
predominantly discretionary/unhealthy food choices in the diet that are high in saturated
fat, added sugars, and sodium, and that form around twice the recommended intake of dis-
cretionary choices in the Australian diet [41]. Whilst a simple reduction in UPF may appear
a feasible option to reduce energy intake and discretionary nutrient profile, two supple-
mentary strategies were tested; that is, in conjunction with reducing the weight of all UPF
by 50% (Strategy 1, Model 1), the quantities of unprocessed or minimally processed foods
were increased by 25% (Strategy 1, Model 2) and 75% (Strategy 1, Model 3). Unprocessed
or minimally processed foods are typically fresh fruits and vegetables, grains (cereals),
pasteurized full fat, low-fat, skimmed milk, and fermented milks, and meats, poultry, fish,
and seafood. The reported intakes of these foods are typically suboptimal [28,41]; thus,
it is important to examine the estimated impact of increasing intake of unprocessed and
minimally processed foods with a concomitant reduction in UPF.

The second strategy was a simulation model to reduce all processed foods, which
are typically processed meat and fish such as ham, bacon, and dried fish; cheeses made
from milk, salt, and ferments; and unpackaged freshly made breads; and beer, cider,
wine by 50%. The same strategies that were used for modelling UPF were also modelled
for processed foods, that is, a simulation model to reduce all processed foods by 50%
(Strategy 2, Model 1); and in conjunction with reducing all processed foods by 50%, intake
of unprocessed and minimally processed foods were increased by 25% (Strategy 2, Model 2)
and 75% (Strategy 2, Model 3).

2.4. Dietary Modelling

To investigate the impact of the different modelling scenarios below, the Microsoft
Excel Solver add-in was used to manipulate baseline food and beverage quantity (grams).
Nutrition modelling was undertaken at the population level, such that food group intakes
were aggregated at the 8-digit food level (n = 4028 foods and beverages).

3. Results

3.1. Population Baseline Intakes

Women aged 19–50 years from the Australian Health Survey were included (n = 2749)
and population weighted. Population mean daily intakes of energy, macronutrients, and
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key discretionary nutrients are reported in Table 1. Women consumed a mean 3.1 kg/d
food, totalling a mean energy intake of 7388 kJ/d (1765 kcal/d). The percent energy from
protein, carbohydrate, fat, saturated fat, and added sugars was a respective 16.9%, 45.0%,
32.6%, 12.4%, and 10.5%, with respective mean daily intakes of fibre and alcohol 19.8 g/d
and 9.1 g/d.

Table 1. Mean population baseline intakes of Australian women aged 19–50 years, and according to
the NOVA classification (n = 2749).

Mean
Baseline
Intake

Intake from
Ultra-Processed

Foods (%)

Intake from
Processed Foods (%)

Intake from Unprocessed or
Minimally Processed Foods (%)

Intake from Processed
Culinary Ingredients (%)

Quantity (g) 3112.6 548.9 (17.6) 175.3 (5.6) 2361.8 (75.9) 26.6 (0.9)
Energy (kJ) * 7388.2 3056.2 (41.4) 1093.0 (14.8) 2656.1 (36.0) 582.9 (7.9)
Protein (g) 74.6 20.8 (27.9) 10.9 (14.6) 42.7 (57.2) 0.2 (0.3)

Fat (g) 63.9 26.5 (41.5) 8.7 (13.6) 17.1 (26.8) 11.6 (18.2)
Carbohydrate (g) 198.7 97.1 (48.9) 20.8 (10.5) 71.5 (36.0) 9.3 (4.7)

Fibre (g) 19.8 6.3 (31.8) 2.4 (12.1) 11.1 (56.1) 0.0 (0.0)
Saturated Fat (g) 24.3 10.6 (43.6) 4.0 (16.5) 6.0 (24.7) 3.7 (15.2)
Added sugar (g) 46.2 36.8 (79.7) 1.4 (3.0) 0.2 (0.3) 7.9 (17.1)

Sodium (mg) 2142.3 1309.5 (61.1) 463.4 (21.6) 289.8 (13.5) 79.6 (3.7)
Alcohol (g) 9.1 1.8 (19.8) 7.3 (80.2) 0.0 (0.0) 0 (0.0)

* To convert kJ to kcal, divide by 4.1868.

Ultra-processed foods contributed 41.4% of total daily energy intake, with the included
foods contributing to one fifth of daily grams of food consumed (Table 1). Women consumed
the highest percentage of energy, total fat, carbohydrate, saturated fat, and added sugars
and sodium from UPF, whereas the highest percentage of protein and fibre was from
unprocessed or minimally processed food. The largest gram weight of food came from
unprocessed or minimally processed foods, contributing around a third of total daily energy
intake, and more than half of total protein and fibre intake. Processed foods contributed
the highest amount of alcohol, 7.3 g/d, contributing 14.8% of energy, and 21.6% of sodium
to the diet.

Table 2 shows the contribution of different foods and drinks to mean daily energy
intake. Mass-produced packaged breads, pastries, buns, and cakes and fast foods dishes
contributed the highest energy from UPF. Processed breads and beer and wine accounted
for about half of the energy contribution from processed foods. Within the unprocessed or
minimally processed foods category, around 6–8% percent of energy came from red meat
and poultry, cereal grains and flours, and milk and plain yoghurt. Plant oil had the highest
contribution to daily energy within the processed culinary ingredients group.

Table 2. Mean absolute and relative daily energy intake of Australian women aged 19–50 years,
according to the NOVA food classification (n = 2749).

NOVA Food Groups Energy (kJ) Energy (kcal)
% of Total Energy

Intake

Ultra-processed foods 3056.2 730.4 41.4
Mass-produced packaged breads 333.5 79.7 4.5

Pastries, buns, and cakes 292.3 69.9 4.0
Fast foods dishes a 286.7 68.5 3.9

Confectionery 247.9 59.2 3.4
Frozen and shelf stable ready meals b 237.4 56.7 3.2

Fruit drinks and iced teas 206.2 49.3 2.8
Breakfast cereals 190.4 45.5 2.6
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Table 2. Cont.

NOVA Food Groups Energy (kJ) Energy (kcal)
% of Total Energy

Intake

Biscuits 180.4 43.1 2.4
Carbonated soft drinks 171.7 41.0 2.3

Milk-based drinks 168.5 40.3 2.3
Sausage and other reconstituted meat

products 163.5 39.1 2.2

Sauces, dressing, and gravies 157.7 37.7 2.1
Salty snacks 118.5 28.3 1.6

Ice cream, ice pops, and frozen yoghurts 101.7 24.3 1.4
Margarine and other spreads 91.3 21.8 1.2

Alcoholic distilled drinks 53.7 12.8 0.7
Other c 54.8 13.1 0.7

Processed foods 1093.0 261.2 14.8
Processed breads 427.0 102.1 5.8

Beer and wine 233.5 55.8 3.2
Cheese 220.2 52.6 3.0

Bacon and other salted, smoked, or
canned meat or fish 84.0 20.1 1.1

Vegetables and other plant foods
preserved in brine 36.2 8.7 0.5

Other d 92.1 22.0 1.2
Unprocessed or minimally processed

foods
2656.1 634.8 36.0

Red meat and poultry 582.5 139.2 7.9
Cereal grains and flours 485.8 116.1 6.6
Milk and plain yoghurt 452.7 108.2 6.1

Fruits e 323.2 77.2 4.4
Vegetables 239.2 57.2 3.2

Pasta 204.8 48.9 2.8
Nuts and seeds 96.3 23.0 1.3

Potatoes and other tubers and roots 80.5 19.2 1.1
Eggs 71.7 17.1 1.0
Fish 62.1 14.8 0.8

Legumes 31.7 7.6 0.4
Other f 25.8 6.2 0.3

Processed culinary ingredients 582.9 139.3 7.9
Plant oils 269.6 64.4 3.6

Animal fats 164.3 39.3 2.2
Table sugar 125.6 30.0 1.7

Other g 23.4 5.6 0.3
Total 7388.2 1765.8 100.0

a Hamburger, pizza, and French fries from fast food places; b frozen lasagne, pizza, and other pastas and meals,
and instant soups and noodles; c ultra-processed cheese, baby food, and baby formula; d salted or sugared nuts,
seeds, and dried fruits; e fruits and freshly squeezed juices; f meat from other animals, teas, coffees, and dried
spices; g honey, maple syrup (100%), and vinegar.

3.2. Strategy 1
3.2.1. Model 1: Reducing Ultra-Processed Foods by 50%

The impact of reducing UPF by 50% is shown in Figure 1 (green bars). Compared to
population baseline intakes, halving the intake of UPF resulted in a theoretical 316 g lower
intake of total food consumed, and a 1689 kJ (404 kcal) lower daily energy intake. Modelled
intakes were lower for all discretionary components such as saturated fat, added sugar,
and sodium by 20–40%, with a lower intake of alcohol by 10.0%. Halving the intake of UPF
also reduced macronutrients by 15–30%.
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Figure 1. Estimated changes in population mean intakes of food (g), energy, macronutrients, and
discretionary nutrients, according to Strategy 1 (3 different models). Results are presented as a
percentage change relative to baseline intake. Model 1: Reducing ultra-processed foods by 50%.
Model 2: Reducing ultra-processed foods by 50% with a 25% increase in unprocessed or minimally
processed foods. Model 3: Reducing ultra-processed foods by 50% with a 75% increase in unprocessed
or minimally processed foods.

3.2.2. Models 2: Reducing Ultra-Processed Foods by 50% and Increasing Unprocessed or
Minimally Processed Foods by 25%

Figure 1 shows the impact of replacing 50% of UPF with 25% (blue bars) or 75%
(orange bars) of unprocessed or minimally processed foods. Compared with the baseline
intake, partial replacement by 25% reduced daily energy intake by 1131 kJ (270 kcal), while
the quantity of all consumed foods increased by 231 g. This model also led to theoretical
reductions in saturated fat (15.1%), added sugars (38.3%), sodium (23.4%), and alcohol
(10.0%). Modelled food intakes were lower in protein, fat, carbohydrate, and fibre by 5.6%,
13.1%, 20.2%, and 8.4%, respectively.

3.2.3. Model 3: Reducing Ultra-Processed Foods by 50% and Increasing Unprocessed or
Minimally Processed Foods by 75%

Partial replacement of UPF with 75% unprocessed or minimally processed foods
resulted in a hypothetical increase in the quantity of food consumed by around 1.3 kg
(Figure 1, orange bars). Energy intake was not shown to change (−16 kJ/d [3.8 kcal]),
whereas protein and fibre increased (12–15%), and carbohydrate intake decreased (6.3%).
Modelled intakes led to a reduction in all discretionary components, with the largest
decrease in intakes of added sugars.

3.3. Strategy 2
3.3.1. Model 1: Reducing Processed Foods by 50%

Figure 2 (green bars) shows the theoretical changes in food consumed, energy, macronutri-
ents, and discretionary nutrients by reducing processed foods by 50%. Compared to population

38



Nutrients 2022, 14, 1518

baseline intakes, reducing processed foods reduced the intake of grams of food consumed
(165 g), daily energy intake (913 kJ), and macronutrients (7–14%). Discretionary nutrients were
reduced by 4–14%, except for alcohol with an estimated reduction of 40% (−3.6 g).

Figure 2. Estimated changes in population mean intakes of food (g), energy, macronutrients, and
discretionary nutrients, according to Strategy 2 (3 different models). Results are presented as a
percentage change relative to baseline intake. Model 1: Reducing processed foods by 50%. Model 2:
Reducing processed foods by 50% with a 25% increase in unprocessed or minimally processed
foods. Model 3: Reducing processed foods by 50% with a 75% increase in unprocessed or minimally
processed foods.

3.3.2. Model 2: Reducing Processed Foods by 50% and Increasing Unprocessed or
Minimally Processed Foods by 25%

Replacing 50% of processed foods with 25% of unprocessed or minimally processed
foods led to estimated reductions in energy intake of 355 kJ (85 kcal), protein, fat, and
carbohydrates by 0.4% to 7.6%, but an estimated 0.7% increase in fibre intake (Figure 2,
blue bars). The estimated reduction in alcohol (40%) was the same to when there was no
increase intake of unprocessed or minimally processed foods (Model 1), and the reduction
in discretionary nutrients was similar (3.8% to 10.2%).

3.3.3. Model 3: Reducing Processed Foods by 50% and Increasing Unprocessed or
Minimally Processed Foods by 75%

The impact of replacing 50% of processed foods with 75% of unprocessed or mini-
mally processed foods is shown in Figure 2 (orange bars). The model led to a theoretical
1.5 kg higher intake of food consumed and 760 kJ (182 kcal) increase in energy intake in
comparison with population baseline intakes. Macronutrients were estimated to increase
by 6–17% and fibre by 4.5 g. The estimated reduction in alcohol remained the same at 40%,
whether unprocessed or minimally processed foods were increased or not, but there were
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smaller estimated reductions in added sugars (2.9%), and sodium (2.3%), but an increase in
saturated fat of 4.1% (1 g).

4. Discussion

This study describes the NOVA food classification and potential reductions in energy,
macronutrients, and discretionary nutrients, following simulation modelling of processed
and unprocessed foods. We extend our previous work demonstrating the overall low diet
quality in reproductive age women from the same Australian Health survey [42], to now
report that a high proportion of energy intake comes from UPF. Our modelling shows that
halving intake of processed foods resulted in an estimated reduction in energy (11.9%),
saturated fat (14.3%), added sugar (4.3%), sodium (14.1%), and alcohol (40.0%), whereas
halving UPF resulted in a greater reduction in energy (22.0%) and discretionary components,
namely saturated fat, added sugar, and sodium (21–39%) but not alcohol (10.0%).

The highest amount of total daily energy intake (41.4%, or 3 MJ of energy) was
from UPF. Using the Australian Health Survey, older children and adolescents were re-
ported to consume around 54% of total daily energy intake from UPF [28], and within
the 2011–2013 Australian food composition database, the proportion of UPF was 38%, and
unprocessed and minimally processed food was 36% [37]. Whilst many foods are incor-
porated into the UPF category, the fact that the contribution to energy intake is higher
than that from unprocessed or minimally processed foods, at 36% (2.7 MJ), is concerning,
given their link to obesity and non-communicable diseases [43]. Such high consumption
may be partly due to their longer shelf life than fresh foods, affordability, appetizing and
palatable qualities, and less effort and time required for preparation and cooking [44–46].
Furthermore, featuring inaccurate nutrition and health statements on UPF packaging may
make them appear healthier than they really are [44–46]. Improved accuracy of food labels
would allow consumers to better understand the nutritional content of foods and select
more nutritious foods. While the Australian dietary guidelines do not currently incorpo-
rate NOVA food categories but instead describe discretionary choices [47], future and/or
alternative guidelines may be warranted with a focus on level of processing.

The first simulation strategy, reducing UPF by 50%, demonstrated the largest theoreti-
cal reductions for all macronutrients as well as saturated fatty acids and sodium; however,
reductions in added sugar and alcohol were similar in the energy compensation scenarios
that included a 25% or 75% increase in unprocessed or minimally processed foods. Reduc-
ing UPF intake led to a proposed reduction in energy (~1700 kJ; 400 kcal), which would be
equivalent to the energy of nearly three servings of discretionary choices [47], or several
servings of foods within this category. For sustained weight loss, a continued energy restric-
tion of between 2000 and 3000 kJ (500–750 kcal) is recommended [48]. However, it is evident
that the practicality of reducing energy intake is rarely achieved over the longer term [49],
and continuous energy restriction may be problematic, partly due to increases in the desire
to eat [50], feelings of hunger [51], and cravings [52]. Thus, while reducing intakes of
UPF offers a potential strategy with important reductions in discretionary nutrients, and
which would contribute to improvements in lipid profile [53], the long term success of this
strategy is likely hampered by other genetic [54], behavioural, and hormonal [55,56] factors
that mitigate sustained weight loss efforts.

The most practical solution from this strategy is likely to be reducing UPF by 50% and
increasing unprocessed or minimally processed foods by 25%. A smaller, albeit important,
reduction in energy was apparent, along with considerable reductions of added sugar
(17.8 g, ~4.5 teaspoons) and saturated fat (3.8 g, 15.1%). To implement this, one could
eliminate 100 g French fries from the diet, eliminate 375 mL soft drink and two sweet
biscuits, or reduce intake of bread and sweet pastries/buns by half. These foods could
be replaced with any two of the following examples: 1

2 cup vegetables, 1
2 serving meat or

nuts; one serving of fruit. This strategy could assist in weight management programs and
potential future risk reduction of chronic diseases such as obesity and type 2 diabetes. A
previous study in adults aged over 18 years, also using Australian Health Survey data,
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highlighted that substituting unhealthier/discretionary foods with a range of healthier
foods lowered intakes of added sugars, sodium, and saturated fat and appeared the most
feasible strategy for improving nutritional intake [57].

Processed foods contributed nearly 15% of total daily energy intake, of which pro-
cessed breads contributed 5.8% and beer and wine contributed 3.2%. Reducing processed
foods by 50% resulted in around half the reduction in energy from what was observed
when UPF was reduced by 50%. Importantly, in this scenario there was a theoretical re-
duction in alcohol of 40% (3.6 g), or equivalent to just under a half of a standard alcoholic
drink. Whilst this may seem small, at a population level, this has huge implications for
pursuing a healthier lifestyle and lowering the burden on health services. There has been a
continued increase in alcohol consumption among women of reproductive age, not only
in Australia [58], but also in the USA [38] and worldwide [39]. This is a critical issue
for women who are intending to become pregnant, as higher intakes of alcohol in the
preconception period is associated with a longer time to conceive [59]. Similar to the first
modelling strategy, incorporating 75% of unprocessed or minimally processed foods is
likely to be the least feasible. A 1.5 kg increase in food volume was predicted, and although
beneficial increases in protein and fibre were estimated, there were only small changes to
discretionary nutrients. The potential benefits of reducing processed foods and increasing
by 25% unprocessed and minimally professed foods is unclear. While a modest reduction
in daily energy intake of 355 kJ was predicted, which could be helpful for women who
opt for weight maintenance, the changes to discretionary nutrients were not remarkable,
and the longer-term health outcomes of such a change is difficult to establish. For women
who do not consume alcohol, benefits to reducing intake of processed foods, particularly
lowering total fat, saturated fat, and sodium would be apparent; however, future studies
could investigate such strategies in sub-groups of women.

Our study extends previous findings using the NOVA system, and which could be
applied to intervention studies in women of reproductive age. The high proportion of
energy from UPF that we report, and which is consistent with previous studies, further
compels public health strategies to be developed to monitor the accuracy of food labels
and inform women about nutrition risks of consuming these foods, but also the potential
adverse reproductive health outcomes. Related, more than 8000 packaged foods in Australia
bear a Health Star Rating, a nutrient-based front-of-pack labelling scheme [60]. Three-
quarters of UPF display a Health Star Rating quality of ≥2.5, which is a ‘pass’ rating [61].
Thus, discerning between UPF and foods that are marketed as ‘healthy’ is another challenge.
Women continue to be the regular supermarket shoppers, they more often shop with
children who have a key influence on household purchasing behaviour, but they also
shop hurriedly [62]. As such, there is little time to digest and interpret front of pack
labels, and to make informed decisions. Globally, the availability of UPF is high. Trends
in the purchase and sales of UPF demonstrate the greatest consumption in high-income
countries, but they are increasing in lower- and middle-income countries [16]. Interestingly,
Australian data show that the lowest household income quintile consumes less UPF [63].
However, this may reflect healthy diets being cheaper than non-healthy diets in general in
Australia [64,65]; the cost of UPF vs. non-UPF is not currently available. Thus, while the
proposed dietary scenarios may impact the family food cost, future research on the potential
impact on food prices will be helpful. Lastly, lower socio-economic status is consistently
associated with higher UPF consumption [19,63,66]. The lack of access to fresh foods
and the predominance of convenience foods, particularly in low-resource settings [67,68],
presents an ongoing challenge and complexity of the relationship between improving diet
quality and decreasing UPF consumption. A multi system approach is clearly needed
that supports improved knowledge on, and encourages the consumption of, unprocessed
and minimally processed foods; minimizes structural barriers such as access to healthy
foods; improves their affordability; and attends to minimizing gender inequalities and
food insecurity.
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This is the first study to explore the potential impact of reducing UPF in Australian
diets. We developed the strategies based on the unmet need to improve diet quality in
reproductive aged women, and to identify a potential feasible strategy that could be applied
in an intervention setting. We considered various simulation models, including different
options to not only reduce unhealthy food choices, but to allow for energy compensation
through increasing healthier food choices. The use of systematically collected nutrition data
in the Survey provides a convincing effect of the potential impact on energy and nutrient
intake. A strength of this study was the use of individual-level dietary survey data taken
from a nationally representative sample of Australian children and adults. However, the
modelling conducted was only in women aged 19–50 years, thus reducing the generalizabil-
ity of our findings, and whether such modelling outcomes differ across different regions
and socio-demographics is unclear. Limitations also include the use of a single 24-h dietary
recall and thus may not reflect usual intake and potential misclassification of the level
of food processing from food composition databases [38]. Our modelling assumes that
all reproductive age women will make the changes to their diet, but this is an unrealistic
expectation. The models that include allowances for extra unprocessed and minimally
processed foods account for some of this difficulty. Furthermore, the NOVA classification
categorizes foods according to food processing and not nutritional content. The food
composition database is not designed to categorize foods in this way, thus errors related
to the classification of foods cannot be excluded. Finally, while we used the most recent
population nutrition survey data, this was reported on 10 years ago, and food consumption
patterns would have likely changed since then.

5. Conclusions

In conclusion, Australian women of reproductive age consume nearly half of the
energy in their diets from UPF. Reducing UPF by 50% considerably lowers estimated
energy intake and discretionary nutrients; however, incorporation of 25% of unprocessed
or minimally processed foods may be the most feasible strategy for improved health over
the longer term. Reducing processed foods offers an important health strategy, particularly
for women who consume alcohol; however, the relevance to women who do not drink
requires further investigation. Study results can contribute to the development of dietary
interventions to improve health, including potential weight loss that utilizes a multi system
approach that encourages increased education and behaviour change strategies.
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Abstract: The American Heart Association Diet Score (AHA-DS) defines the cardiovascular health,
and the Brazilian Cardioprotective Nutritional Program Dietary Index (BALANCE DI) was designed
to evaluate diet quality in secondary cardiovascular prevention settings. Our aim was to assess the
absolute and relative agreement between both tools in Brazilian adults after a myocardial infarction
(MI). In this cross-sectional study, 473 individuals were included and had their diet assessed by
a 24 h food recall and a semi-quantitative Food Frequency Questionnaire. The weighted Kappa
between BALANCE DI and primary AHA-DS was 0.66 (95% CI: 0.08–0.21), and between BALANCE
DI and total AHA-DS was 0.70 (95% CI: 0.20–0.32). To improve the agreement between the tools,
modifications were made to the BALANCE DI scoring system. The weighted Kappa between New
BALANCE DI and primary AHA-DS was 0.77 (95% CI: 0.36–0.48), and between BALANCE DI and
total AHA-DS was 0.76 (95% CI: 0.34–0.46). The mean bias observed between the New BALANCE
DI as compared to the primary and total AHA-DS was −16% (−51 to 19) and −8% (−41 to 24),
respectively. Our results suggest that the New BALANCE DI may be a useful tool to evaluate diet
quality in post MI patients.

Keywords: dietary patterns; diet; healthy; myocardial infarction

1. Introduction

Ischemic heart disease (IHD) is the leading cause of death worldwide [1]. Myocardial
infarction (MI) is a common manifestation of IHD and is the greatest cause of cardiovascular
mortality in Brazil [2]. Diet is a modifiable risk factor for IHD [3,4]. Many epidemiologic
studies and clinical trials have shown that a healthy dietary pattern is associated with pri-
mary and secondary prevention of cardiovascular disease (CVD) [5–8]. This evidence is the
basis of current dietary recommendations for the prevention and treatment of CVD [9,10].
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In the 2020 American Heart Association (AHA) Impact Goal, a healthy eating pattern
consistent with the DASH (Dietary Approaches to Stop Hypertension) diet was recom-
mended for cardiovascular health (CVH) [11]. This healthy eating pattern is the basis for
the scoring system developed by the AHA to evaluate diet quality and define CVH. The
AHA proposed dietary targets and a healthy diet score (AHA-DS) [12], which classifies the
dietary pattern as ideal, intermediate, or poor. Few studies have evaluated the AHA-DS in
patients after an MI [13].

The Brazilian Cardioprotective Nutritional Program (BALANCE) is a regional and fea-
sible dietary pattern that was designed to improve diet quality in adults with atherosclerotic
cardiovascular disease [14–16]. BALANCE is composed of four food groups represented by
the three colors of the Brazilian flag (green, yellow, and blue represent recommended foods
and red represents foods to avoid) [15]. To assess adherence to the BALANCE recommen-
dations, the BALANCE DI was developed [17]. Thus, the BALANCE DI reflects adherence
to a country-specific recommended dietary pattern. The BALANCE DI performs similarly
to other diet quality indices regarding reliability and construct validity [17].

Although it can be used to assess diet quality in adults with IHD, it is unknown how
BALANCE DI relates to CVH. This study was conducted to assess the absolute and relative
agreement between the BALANCE DI and the AHA-DS in Brazilian adults after an MI
(2 to 6 months after the event). Investigation of this country-specific diet quality index is
needed because cultural adaption of recommended dietary patterns to the target population
enhances adherence.

2. Materials and Methods

2.1. Study Design and Participants

This is a cross-sectional analysis of baseline data from the DICA-NUTS Study, for which
a detailed protocol was previously published [18]. Briefly, DICA-NUTS is a 16-week, par-
allel, multicenter, randomized clinical trial (ClinicalTrials.gov NCT03728127) carried out
in four regions of Brazil (Northeast, Southeast, South, and Midwest), from January 2019
to December 2021 [18]. The study included patients over 40 years old with diagnosed
MI, either ST-Elevation MI (STEMI) or non-STEMI in the last 2 to 6 months. At baseline,
participants completed questionnaires on sociodemographic, lifestyle, medical, and dietary
intake. All data were collected by trained nutritionists [18]. Ethical approval for the analysis
was provided by Research Ethics Committee of Instituto de Cardiologia do Rio Grande
do Sul/Fundação Universitária de Cardiologia (IC/FUC) under number 5.115.455 (CAAE
52734921.0.0000.5333). All participants provided written informed consent.

2.2. Dietary Assessment

At baseline, participants completed one 24-h food recall (24hR) and a semi-quantitative
Food Frequency Questionnaire (FFQ) [18]. Both tools were administered on the same day
during the participant’s first appointment. The FFQ collected data on their consumption
over the previous 365 days. A photo album with standardized household measures or
grams was used in both the 24hR and FFQ [18,19]. For the analysis of the 24hR, a com-
puterized system (Sistema Vivanda de Alimentação®, São Paulo, Brazil) was used that
prioritizes Brazilian nutrition composition tables [18].

2.2.1. BALANCE DI

The BALANCE DI was calculated based on the 24hR. The scoring system considers the
four BALANCE food groups [17] (Supplemental Table S1). Foods are classified into each
food group using the BALANCE recommendations tool that categorizes foods by caloric
equivalents and the density of sodium, saturated fat, and cholesterol. For each food group,
portions consumed were summed and scores were determined for individuals based on
energy intake from the 24hR. The caloric ranges and recommended intake of food groups
are described in Supplemental Table S2 [18].
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Supplemental Table S3 summarizes the BALANCE DI score. Higher scores represent
greater adherence to recommendations [17]. The scores were calculated as continuous
variables and rounded to the nearest tenth decimal point.

2.2.2. AHA-DS

The AHA-DS for ideal, intermediate, and poor dietary patterns uses a binary scoring
system [12]. The highest score of 10 is given for meeting or exceeding the AHA target, and
the lowest score of zero is given for no intake of the following cardioprotective dietary
factors, i.e., fruits and vegetables, fish and shellfish, whole grains, nuts, seeds, and legumes,
or for high intake of foods/nutrients that should be limited (i.e., sodium, sugar-sweetened
beverages, processed meats and saturated fat). Scores are determined on a continuous
scale (rounded to the nearest whole number). The range of the primary AHA-DS is 0 to
50 (for 5 components: fruits and vegetables, fish and shellfish, whole grains, sodium, and
sugar-sweetened beverages).

Three secondary components (nuts, seeds, and legumes; processed meats; and sat-
urated fat) are included in the total AHA-DS. The range for the total AHA-DS is 0 to 80
(for 8 components: the 5 components for the primary score + the 3 components for the
secondary score). For both the primary AHA-DS and the total AHA-DS, an ideal score is
given for meeting ≥80% of the targets, an intermediate score corresponds to 40–79% of the
targets, and a poor score corresponds to meeting <40% of the targets. The AHA scoring
system is summarized in Supplemental Table S4.

AHA scores were determined using the available data from the FFQ and the 24hR.
Data from the 24hR were used for components scored as servings per day (fruits and
vegetables, whole grains, saturated fat, and sodium). Scores reported in servings per
week (fish and shellfish, sugar sweetened beverages, nuts, seeds, legumes, and processed
meats) were derived from the FFQ (in grams or mL). For legumes, reported intake in grams
was transformed into cups/day according to the portions defined in the United States
Department of Agriculture (USDA) FoodData Central database [20]. All mixed composition
foods were scored using estimates of the amount contained within a mixed food item (i.e.,
the meat content of a hamburger was considered separately from the whole hamburger,
including the bun and condiments). A full list of FFQ items and classifications can be found
in the Supplemental Tables S5 and S6.

2.3. Sociodemographic, Clinic, Lifestyle Variables and Biochemical Assessment

Self-reported sociodemographic data were collected including: sex (male or female),
age (years), marital status (single, married, divorced, widowed, stable union), education
level (illiterate/incomplete elementary school, complete elementary school/incomplete
middle school, complete middle school/incomplete high school, complete high school
school/incomplete college degree, complete college degree) [18]. Clinical and lifestyle
variables were smoking status (never smoked, ex-smoker, smoker) and comorbidities
as determined by previous medical diagnosis such as Type 2 Diabetes Mellitus (T2DM),
arterial hypertension, and dyslipidemia [18].

Anthropometrics were collected by a licensed nutritionist trained in study procedures
as previously described [18]. Parameters collected were: weight (kg), height (m), waist
circumference (WC (cm)), and body mass index (BMI (kg/m2)). Physical activity was
accessed in minutes per week using the International Physical Activity Questionnaire
(IPAQ) [18,21].

Fasting blood samples were collected at the baseline visit. Plasma was analyzed for
total cholesterol (TC (mmol/L)), high density lipoprotein cholesterol (HDL-C (mmol/L)),
triglycerides (TG (mmol/L)), fasting glucose (FG (mmol/L)), fasting insulin (FI (mU/L)),
glycated hemoglobin (HbA1c (%)), at the clinical analysis laboratories at each center using
standardized techniques [18]. Additionally, low-density lipoprotein (LDL-C (mmol/L))
was calculated from Martin’s mathematical formula [22].

49



Nutrients 2022, 14, 1378

2.4. Statistical Analysis

Statistical analyses were performed using SAS (version 9.4; SAS Institute, Cary, NC,
USA). All variables were tested for normality (PROC UNIVARIATE) based on the dis-
tribution, normal probability plots (Q-Q plots), and skewness. For non-parametric data,
natural log transformations were made prior to analysis. To enable direct comparison
between the AHA-DS and the BALANCE DI, data from both indices were converted to a
percentage of total score for each subject. Paired t-tests were used to assess mean bias of the
BALANCE DI compared to the AHA-DS (standard reference). Pearson’s correlations were
used to assess the correlation between the two indices. Bland–Altman plots and weighted
kappa were used to assess the agreement between the two indices. p < 0.05 was considered
statistically significant.

3. Results

From 486 individuals included in the DICA-NUTS study, a total of 473 were included
in this analysis; 13 patients were excluded from the analysis due to missing dietary data at
the baseline visit. The average age was 59 ± 9.4 years and 72% were male. The mean BMI
was 28.5 ± 4.3 kg/m2. At the baseline visit, lipid parameters were within normal limits.
The average blood glucose was 6.41 mmol/L (±2.46 mmol/L), HbA1c was 6.33% (±1.4%),
and insulin was within normal limits. Table 1 summarizes the characteristics of the study
participants.

Table 1. Demographic, clinical, lifestyle, laboratory, and dietary intake characteristics of participants
(n = 473).

Characteristic Mean ± SD, Median (IQR) or n (%)

Age (years) 60 ± 9.4

Sex

Female 135 (28)

Male 344 (72)

Days after MI 108 ± 36.3

Marital status

Single 79 (16)

Married 276 (58)

Divorced 59 (12)

Widowed 33 (7)

Common Law Marriage 32 (7)

Education Level

Illiterate/incomplete elementary school 99 (21)

Complete elementary school/incomplete
middle school 87 (18)

Complete middle school/incomplete high school 65 (14)

Complete high school school/incomplete
college degree 142 (30)

Complete college degree 84 (17)

Smoking

No 172 (36)

Ex-smoker 255 (53)

Smoker 50 (11)
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Table 1. Cont.

Characteristic Mean ± SD, Median (IQR) or n (%)

T2DM * 134 (28)

Hypertension * 313 (65)

Dyslipidemia * 195 (41)

BMI (kg/m2) 28.5 ± 4.3

Weight (kg) 78.2 ± 15.1

WC (cm) 97.9 ± 11.5

WHR 0.9 ± 0.08

Level of Physical Activity (according to IPAQ **)

High 127 (27)

Moderate 266 (56)

Low 82 (17)

Dietary intake ***

Energy (Kcal) 1616 ± 624

Carbohydrates (% energy) 52 ± 14

Proteins (% energy) 20 ± 10.1

Fat (% energy) 31 ± 14.2

SFA (% energy) 10.6 ± 5.5

PUFA (% energy) 7.3 ± 4.4

MUFA (% energy) 9.5 ± 5

Dietary Fiber (g) 20.7 ± 8.1

Sodium (mg) 3131 ± 1656

Biochemical data

TC (mmol/L) 4.08 ± 1.39

LDL-C (mmol/L) 2.2 ± 1.13

HDL-C (mmol/L) 1.09 ± 0.49

TG (mmol/L) 1.5 (0.5–8.39)

Glucose (mmol/L) 6.41 ±2.46

HbA1c (%) 6.33 ±1.4

Insulin (UI/mL) 10.2 (0.1–200)
* Determined by previous medical diagnosis; ** High: vigorous-intensity activity on at least 3 days and ac-
cumulating at least 1500 MET-minutes/week OR 7 or more days of any combination of walking, moderate-
or vigorous- intensity activities accumulating at least 3000 MET-minutes/week; Moderate: 3 or more days of
vigorous-intensity activity of at least 20 min per day OR 5 or more days of moderate-intensity activity and/or
walking of at least 3 min per day OR 5 or more days of any combination of walking, moderate-intensity or
vigorous-intensity activities achieving a minimum of at least 600 MET-min/week; Low: no activity is reported OR
some activity is reported but not enough to meet Categories 2 or 3; *** Based on 24hR. T2DM: Type 2 Diabetes
Mellitus; BMI: body mass index; WC: waist circumference; WHR: waist to hip ratio; IPAQ: International Physical
Activity Questionnaire; SFA: saturated fatty acids; PUFA: polyunsaturated fatty acids; MUFA: monounsaturated
fatty acids; TC: total cholesterol; LDL-C: low density lipoprotein cholesterol; HDL-C: high density lipoprotein
cholesterol; TG: triglycerides; HbA1c: glycated hemoglobin.

Diet quality was assessed 108 days ± 36.3 days following MI. Dietary intake according
to the 24hR is described in Table 1. Mean energy intake was 1616 ± 624 kcals and sodium
intake was 3131.8 ± 1656 mg. Adherence to the primary and total AHA-DS was 59 ± 17%
and 51 ± 14%, respectively, which is consistent with an intermediate diet score. Mean
adherence to the BALANCE DI was 43 ± 18.7%.

51



Nutrients 2022, 14, 1378

Comparison between the AHA-DS and the BALANCE DI showed weak to moderate
correlations (Table S7). When comparing the BALANCE DI with the primary AHA-DS,
23% of the cohort was ranked in the same quintile by both indices (weighted Kappa was
0.66 (95% CI: 0.08–0.21), Table S8. Partial agreement (±1 quintile) was 24% and gross
misclassification (±4 quintiles) was 5.1%. When comparing the BALANCE DI with the
total AHA-DS, the exact agreement was 28%, the partial (±1 quintile) was 22% and gross
misclassification (±4 quintiles) was 1.5% (weighted Kappa 0.70, 95% CI: 0.20–0.32).

To improve the agreement between the BALANCE DI and the AHA-DS, modifications
were made to the BALANCE DI scoring system (Table 2). The modifications we made to
the BALANCE DI were to improve the agreement with the AHA-DS components “fruits
and vegetables” (extracted from the green group) and “whole grains” (extracted from the
yellow group). When both components were extracted from the BALANCE DI green and
yellow food groups, the index needed to be rescored and we assumed that 50% needed to
be composed of fruits and vegetables and whole grains, respectively. Additionally, when
whole grains consumption exceeded the recommendation for the yellow group, a score of
0 was given since one of the principles of the BALANCE DI is energy prescription. The
scoring system for the blue and red groups were unchanged.

Table 2. Scoring system for the New BALANCE DI.

BALANCE
Groups

Recommendation
(Portions/d)

Energy Requirements (kcal/d)

1400 1600 1800 2000 2200 2400

Green Original 9 11 11 12 14 16
Fruits and vegetables 4.5 5.5 5.5 6 7 8
Proportionally scored 0–4.5 0–5.5 0–5.5 0–6 0–7 0–8

Score 10 >4.5 >5.5 >5.5 >6 >7 >8

Yellow Original 6 7 9 10 11 13
Whole grains 3 3.5 4 5 5.5 6.5

Proportionally scored 0–3 0–3.5 0–4.5 0–5 0–5.5 0–6.5
Score 10 >3 >3.5 >4.5 >5 >5.5 >6.5
Score 0 >6 >7 >9 >10 >11 >13

Blue Original 2 2 3 3 4 4

Red Original 0 0 0 0 0 0
New BALANCE DI: New Brazilian Cardioprotective Nutritional Program Dietary Index; BALANCE: Brazilian
Cardioprotective Nutritional Program.

The correlations between the New BALANCE DI and the AHA-DS were improved, as
shown in Table S9. The New BALANCE DI ranked 35% of the cohort in the same quintile
as the AHA-DS (weighted Kappa 0.77 (95% CI: 0.36–0.48). Partial (±1 quintile) was 24%
and gross misclassification (±4 quintiles) was 0.6% (Table S10) When comparing the New
BALANCE DI with the total AHA-DS, the exact quintile agreement was 36%, the partial
quintile agreement (±1 quintile) was 25% and the gross misclassification (±4 quintiles) was
0.4% (weighted Kappa 0.76 (95% CI: 0.34–0.46). Figure 1 shows the Bland–Altman plots
for the primary and secondary AHA-DS versus the BALANCE DI (Panel A and B) and the
New BALANCE DI (Panel C and D). Proportional bias was observed when comparing the
total AHA score with the BALANCE DI (Panel B) and the new BALANCE DI (Panel D)
such that bias was greater for those with higher diet quality.
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Figure 1. Bland-Altman plots between the BALANCE DI, the New BALANCE DI and both primary
and secondary AHA-DS for determining overall diet quality of patients after myocardial infarction
(n = 473). (A) BALANCE DI and primary AHA-DS; (B) BALANCE DI and total AHA-DS; (C) New
BALANCE DI and primary AHA-DS; (D) New BALANCE DI and total AHA-DS. The solid line repre-
sents the mean difference between the two instruments, and the dotted lines represent the minimum
and maximum differences between the scores. ULC: upper limit of concordance; LLC: lower limit
of concordance.

4. Discussion

This study aimed to assess the strength of the relationship and degree of agreement
between the BALANCE DI and the AHA-DS in post MI patients in Brazil to evaluate
the BALANCE DI as a tool for CVH assessment. The BALANCE DI and the primary
AHA-DS were weakly correlated (r = 0.28), which improved modestly when correlating
the total AHA-DS (r = 0.46). Similarly, measures of agreement were fair between quintiles
of the BALANCE DI and AHA-DS (23%) or the total AHA-DS (28%). Bland–Altman
analysis showed that the BALANCE DI was on average higher than both the primary and
total AHA-DS with large limits of agreement in both cases. However, some evidence of
proportional bias was present whereby bias varied by diet quality.

In general, for dietary index development and/or comparisons, different approaches
are used. We used a more comprehensive score, specific for measuring CVH, as a compara-
tor. However, studies that use another tool as the reference for the development of a new
index are scarce in the literature. Antonio et al. [23], when comparing the Healthy Eating
Index (HEI) and the Diabetes Healthy Eating Index (DHEI) among T2DM patients, reported
mean bias of 17 points. These results are similar to ours since comparisons between both the
BALANCE and the New BALANCE DI with the primary AHA-DS demonstrate a difference
of 16 points. In healthy individuals, comparisons between the agreement of five indexes
that measure adherence to a Mediterranean dietary pattern showed a moderate–fair concor-
dance among indexes evaluated by Cohen’s Kappa coefficient, except for the Mediterranean
diet score (MDS) and alternative Mediterranean diet (aMED) with a 0.56 (95% CI 0.55–0.59)
and 0.67 (95% CI 0.66–0.68) using linear and quadratic weighting, respectively [24]. The
authors attributed the disagreement between the indexes to the lack of common criteria
to develop the indexes, the type of foods or nutrients considered, the variability of the
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methods used to construct them, and the dependence or independence of the scores from
the study sample, factors that might also explain our results.

Low agreement between the tools may be due to the distinct methods of food clas-
sifications between tools. The BALANCE-DI measures adherence to a healthy dietary
pattern composed of food groups, that differ from the AHA-DS food groups. For example,
the BALANCE DI green group is composed of vegetables, fruits, beans and legumes, and
low-fat milk whereas the AHA-DS considers these food groups separately (fruits and
vegetables, and legumes are scored as different components). Additionally, in contrast with
the AHA-DS, that specifically recommends whole grains, the BALANCE DI yellow group
is composed of both refined grains and whole grains.

Modifications to the BALANCE DI focused only on including fruits and vegetables
in the green group and removing refined grains from the yellow group improved the
correlation with the AHA-DS. However, Bland–Altman analyses showed a wide limit of
agreement for the New Balance DI. These results suggest that the New BALANCE DI
may be limited in its use for diet assessment of individuals, but may be suitable for use in
cohorts of patients post MI. This approach to modifying diet assessment tools may be a
useful model for the modification of other culturally specific diet quality assessment tools.

High diet quality has been associated with better prognosis for secondary cardiovas-
cular prevention [25,26]. To evaluate the relationship between diet quality and mortality
among MI survivors, Li et al. [25] included 4098 participants that were free of CVD, stroke
or cancer at the time of enrollment and survived a first MI during the follow up. Comparing
the extreme quintiles of the post-MI Alternative Healthy Eating Index (AHEI) 2010 (exclud-
ing the alcohol component), the adjusted HR associated were 0.73 (95% CI: 0.58–0.93) for
all-cause mortality and 0.81 (95% CI: 0.64–1.04) for cardiovascular mortality. In a prospec-
tive cohort study [26] of 31,546 individuals with prior CVD or DM, higher diet quality
was associated with a lower risk of recurrent or new CVD events in people receiving drug
therapy for secondary prevention (HR 0.78; 95% CI 0.71–0.87, top versus lowest quintile
of modified AHEI; p for trend <0.001). The study estimated that at least 20% of CVD
recurrence could be avoided by adhering to a healthy diet.

However, few studies have assessed diet quality in patients after an MI, especially
with instruments designed specifically for this population. We used a validated Brazilian
dietary index to determine adherence to a healthy dietary pattern based on the current
national guidelines for secondary CVD prevention [17]. Our study showed relatively
poor adherence (43 ± 18.7%) to the BALANCE dietary eating patterns. The association
between the BALANCE DI and CVD-related outcomes has not been assessed. The AHA-DS,
a validated diet quality assessment tool associated with CVD outcomes, showed that overall
diet quality in this sample of 473 post-MI patients was consistent with an intermediate diet
score. Previous studies with large samples, but in different populations, reported similar
findings. Among 33,932 US [27] and 37,803 Europeans [28], the AHA-DS from both samples
was consistent with an intermediate score. Conversely, Mok et al. [13] found that 50.8% of
the 1277 participants from the ARIC study (aged 45–64 years old) who developed an MI
had a poor diet score [13]. The timepoint at which diet assessment occurs may explain the
difference between our findings and those of Mok et al. [13], who collected dietary data
prior to the event; we collected data from our sample post-MI. Dietary habits are reportedly
altered after a coronary event to align more closely with diet recommendations [29].

A healthy diet is part of The Life’s Simple 7 (LS7) metrics proposed by the AHA for
the CVH definition [11]. Besides diet, smoking, physical activity, body mass index, total
cholesterol, blood pressure and blood glucose are characterized as being ideal, intermediate,
or poor. The achievement of a greater number of ideal metrics is associated with a lower
risk of incident CVD [30–33], including IHD [33], and closer adherence to optimal levels of
the 7 CVH metrics is associated with better prognosis after an MI [13]. Thus, the AHA-DS
was used in this study for comparison because meeting the AHA recommendations for
healthy eating supports cardiovascular risk reduction.
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This study has several strengths. We investigated diet quality in patients up to
6 months after an MI and most studies are conducted later. However, the first months
after the infarction might be a window of opportunity to improve dietary habits and
consequently diet quality. Another strength of our study is the use and modification of a
Brazilian DI that measures adherence to a recommended dietary pattern for this population.
The New BALANCE DI aligns with the AHA-DS for CVH. Our study has shown that a DI
that is based on a culturally unique dietary pattern can be adapted in alignment with the
AHA-DS and used to assess diet quality in patients with IHD. Further research is needed
to assess the ease of use of the New BALANCE DI in clinical settings.

Our study has several limitations as well. First, the BALANCE DI uses 24hR, whereas
our analysis used both the 24hR and the FFQ for scoring the AHA-DS. This was because
the AHA-DS considers weekly intake for some components. Thus, our results might reflect
differences in the dietary assessment tools used. Second, instead of classifying the AHA-DS
components “fruits and vegetables” in cups/day and “whole grains” in oz-equivalent-
servings/day, we used the number of portions used for the BALANCE DI scoring, which
could have influenced our results, since the BALANCE DI portions are based on caloric
equivalents and conversion to household measurements could have resulted in some errors
in assessing adherence to current recommendations. Third, the agreement between the
BALANCE DI, the New BALANCE DI and the AHA-DS seems to be proportional to diet
quality, which is difficult to correct for and suggests additional modifications are needed to
the BALANCE DI.

5. Conclusions

In post-MI Brazilian adults, the BALANCE DI and the AHA-DS showed limited
agreement. Our results suggest that the New BALANCE DI may be used to assess diet
quality in cohorts of post MI patients. Further studies are needed to assess the association
between the New BALANCE DI with CVH in a primary prevention setting and in patients
with established IHD to evaluate its effectiveness in predicting future events.
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Abstract: Due to the low level of fruit consumption in relation to dietary recommendations in many
European countries, including Poland, multidirectional actions should be taken to increase the
consumption of these products. One of the ideas could be the introduction of innovative products.
The main goal of the study is to determine the relationship between consumer propensity to purchase
innovative products and the frequency of consumption of fruits and their preserves of consumers. The
research sample consisted of 600 respondents who declared to consume fruit and were responsible
for food shopping in their households. The results obtained indicate that consumers with a higher
propensity to purchase innovative products consumed fruit and fruit preserves more. In addition,
statistically significant differences were found between innovators and non-innovators in terms of
income, expenditures on fruit purchases, places where fruit and fruit preserves were purchased and
product characteristics that determined the purchase decision. The logistic regression results indicate
that a higher frequency of supermarket/hypermarket and online shopping, a higher weekly spending
on fruit and a greater importance attributed to the biodegradability of the packaging increased the
favorability of innovation relatively to fruit products (by 23.8%, 31.4%, 32.7% and 21.6%, respectively).
The relationships found may have important implications for both private and public stakeholders in
the fruit and vegetable sector.

Keywords: innovation; consumer behavior; fruit market

1. Introduction

There is a close correlation between the innovative activity of enterprises and con-
sumers; innovative enterprises (firms that implement innovations), by introducing new or
improved products into the market, pique consumers’ interest with their offer, whereas
innovative consumers (consumers willing to purchase innovative products), by exerting
pressure on companies, motivate them to create innovative solutions [1,2]. The results of
studies conducted in recent years on consumer innovation in the food market suggest that
product innovation (new or an improved version of previous goods) in a particular market
sector can stimulate consumer buying behavior for all products in that sector [3]. This
raises the question of whether consumers can be encouraged to increase their consumption
of health-beneficial products through innovation, thereby motivating them to behave in
line with dietary recommendations. This paper attempts to clarify this issue by analyzing
the example of fruit and fruit preserves.
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Producers of fruit and fruit preserves offer many diverse, innovative solutions. They
fit into the innovation categories selected by XTC World Innovation, such as pleasure,
health, physical, convenience and ethics, which reflect consumer expectations regarding
the directions for developing the market offer [3].

New varieties of fruit are introduced to the market, with unusual form, flavor and
higher nutritional value than traditional fruit [4,5]. The market offer is diversified by
visually appealing fruit mixes [5], as well as tasty and convenient fruit snacks [6]. Con-
sumers looking for healthy solutions are offered fruit and preserves sourced with ecological
cultivation [7], as well as fruit preserves enriched with additional nutrients [8]. Innovation
also applies to packaging, such as the so-called active packaging, which keeps the fruit
fresh, nutritious and appealing for longer, while making it more convenient to store and
consume the product [9]. An important motivation for producers to constantly search for
innovations in the agriculture–food market is the high market failure rate of new products,
which is mainly due to the consumers’ lack of acceptance of such products [10].

According to researchers studying the issue of innovation in the consumer goods
market, both today and in recent decades, the key to the effective commercialization
of an innovative offer is recognizing the consumers’ needs and their reaction to new
products, as well as characterizing the recipients of the new products [11]. Over the
years, many concepts of the innovation process have been proposed [12,13]. One of the
most prominent theories explaining this matter is Rogers’ model [14]. Rogers identifies
five recipient groups based on their openness to innovation, namely, innovators, early
adopters, early majority, late majority and laggards, with the corresponding shares in the
overall population of 1.5%, 13.5%, 34%, 34% and 16%. In order to learn about consumer
behaviors towards market innovations, researchers typically conduct a purchase-intention
study and analyze opinions on new products [15], while, when characterizing consumer
innovation, socio-demographic and psychographic features are analyzed [16]. As for the
socio-demographic features, it has been proven that the innovation level is affected by age
(younger consumers are more innovative) [17,18], level of education [19,20], income [19,21]
and country of origin [22]. The innovation level is also conditioned by features such as
openness to new experiences, curiosity and susceptibility to external influence [16,23],
including media [24,25] and influencers [26]. Research on consumer innovation in the
fruit market has shown that young and middle-aged consumers with higher education
and income are more open to new products. It has also been shown that innovations
following the trends of health and ethics (environment-friendly innovations) receive the
most attention from recipients [27].

Actions to promote a healthy lifestyle and prevent diseases in most European countries
focus on initiatives oriented at increasing the consumption of fruits and vegetables among
various consumer groups [28]. A diet rich in fruit and vegetables is widely recommended
due to the health benefits of these products [29]. Numerous research studies have proven
that consuming fruit and fruit preserves is beneficial to the prevention of some chronic
diseases [30], including type 2 diabetes [31], obesity [32], cardiovascular diseases [33],
hypertension [34], various types of cancer [35,36] asthma [37], depression [38] and cognitive
disorders [39]. In addition to having a positive effect on the health of individuals and the
general population, switching to a plant-based diet can also have a significant impact on
the environment by reducing the carbon footprint [40]. According to experts, eating at
least 400 g of fruits and vegetables per day can have the most beneficial effects for personal
well-being and the planet [41,42]. However, despite many initiatives to promote healthy
lifestyles, the populations of less than half of the WHO member states consume fruits
and vegetables according to the WHO recommendations [43,44]; Poland also belongs to
this group.

According to Statistics Poland, in 2020, the consumption was merely 46.3 kg/year [45],
which amounts to 127 g per day (293 g, including vegetables). This is only 73% of the daily
consumption recommended by the WHO [46]. According to the Eurostat data from 2019,
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only 62.5% of Poles eat fruit at least once per day (EU average—67%) and women consume
fruit more often than men do (72.9% and 56.4%, respectively) [47].

Considering the too-low fruit consumption (in relation to dietary recommendations)
both in Poland and other countries and the potential relationship, not yet confirmed by
existing studies, between consumer tendencies for innovative behaviors relative to the fruit
market and their consumption of these products, this research study was undertaken to
determine the following:

- Consumer structures based on affinity for innovation in the fruit and fruit preserve
market;

- Characteristics of consumers with varying tendencies for innovative behaviors;
- Correlation between the consumer tendency to buy innovative fruit and fruit preserve

products and the level of consumption of these products and expenses incurred to
purchase them;

- Features of an innovative offer and means to distribute it that would stimulate con-
sumer interest in the innovative offer.

2. Materials and Methods

2.1. Study Design and Participants

The paper is based on the results of a questionnaire research study conducted with
the CAWI method by a professional research company, BioStat; this methodological choice
guaranteed the ethical standards necessary for the execution of the study. The ethical
aspects followed throughout the study ensured the continued safety of participants, as well
as the integrity of the accumulated data. A brief description of the study and its aim, and
the declaration of anonymity and confidentiality were given to the participants before the
start of the questionnaire. Respondents did not provide their names nor contact information
(including the IP address) and could finish the survey at any stage. The answers were
saved only when participants clicked the “submit” button after filling in the questionnaire.

The online survey was conducted in full observance of the national and international
regulations compliant with the Declaration of Helsinki (2000). The personal information
and data of the participants were anonymous, according to the General Data Protection
Regulation of the European Parliament (GDPR 679/2016). The survey did not require
approval by the ethics committee because of the anonymous nature of the online survey
and impossibility of tracking sensitive personal data.

Study participants were recruited among the people registered with the respondent
panel of the BioStat research company. Respondents were non-randomly selected for
the study—they were adults who declared to eat fruit at least once per month and were
responsible or co-responsible for buying fruits and fruit preserves in their household.
Ultimately, the criteria assumed for selection were met by 600 people.

2.2. Questionnaire

The research study was conducted with the use of an original questionnaire. In order
to specify questions and clarify any ambiguities, prior to the study proper, a pilot study
was carried out; the questionnaire was distributed to a group of 30 people, together with
a form allowing respondents to assess the questionnaire layout, comprehension of the
questions asked and relevance of the questions for the goal of the study. The questionnaire
was constructed using E. Rogers’ scale [14] and the scales developed for nutrition research
validated and approved by the Scientific Research Committee of the Polish Academy of
Sciences (KomPAN®)Warsaw, Poland [48].

According to the assumed goal of the study and the formulated research problems,
the survey questionnaire included questions regarding the following:

- Reactions of the respondents to innovative products in the fruit market (answers on a
scale of 1–5, where 1—“I buy new products immediately after they show up on the
market”; 2—“I buy new products relatively quickly, though after some consideration”;
3—”I buy new products when some of my acquaintances have tried them and given
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positive opinions”; 4—“I buy new products when most of my acquaintances have tried
them and given positive opinions”; and 5—“I am reluctant to buy new products”);

- Frequency of eating fruits and preserves (answers on a scale of 1–7: 1—never; 2—less
often than once a month; 3—1–3 times per month; 4—once a week; 5—several times a
week; 6—once a day; and 7—several times a day);

- Places for buying fruits and fruit preserves (answers on a scale of 1–6: 1—never;
2—less than once per month; 3—1–3 times per month; 4—once a week; 5—several
times a week; and 6—once a day);

- Weekly expenses on fruits and fruit preserves (single choice question with 5 ranges of
expenses incurred);

- Factors conditioning purchase decisions in the fruit market (position scale 1–7: 1—
definitely irrelevant factor; 7—definitely relevant factor);

- Respondents’ characteristics (accounting for gender, age, place of residence, education
and income).

2.3. Characteristic of Respondents

In terms of gender, the sample consisted of 52% women and 48% men. The age
structure of the studied group was: 18–19 years old—18.3%; 30–44 years old—29.5%;
45–59 years old—23.3%; 55 and older—28.3%. Nearly 40% of the respondents lived in
rural areas, 32% in towns of under 100,000 people, 16.8% in towns with 100–500 thousand
residents and 11.3% in cities with a population larger than 500,000 people. In terms of
education, the largest group was people with secondary education (34.7%); a total of 29.2%
of the respondents had completed vocational education, 28.3% had completed higher
education and only 7.8% had completed primary education. Among the respondents,
most lived in households of 3–4 people (55.3%). The analysis of the economic situation
of the respondents showed that nearly half (48.8%) of them had a monthly income of
PLN 1500–3000 per person, while 20% made less than PLN 1500; a total of 14.8% of the
respondents had an income in the range of PLN 3001–4500 and 10.8% earned more than
PLN 4500 per person per month (Table 1).

Table 1. Sample characteristics (%).

Gender

Female Male

52.00 48.00

Age

18–29 30–44 45–59 Over 55

18.33 29.50 23.33 28.33

Place of Residence

Rural areas Towns, up to 100,000 residents Towns, 100,000–500,000 residents Cities, over 500,000 residents

39.83 32.00 16.84 11.33

Education

Primary Vocational Secondary Higher

7.83 29.17 34.67 28.33

Number of People in the Household

1–2 3–4 5 and more

29.83 55.33 14.84

Per Capita Income PLN (EUR) *

Under 1500
(332.6)

1500–3000
(332.7–665.2)

3001–4500
(665.3–997.8)

4501–6000
(997.9–1330.4)

Over 6000
(1330.5)

20.17 48.83 14.83 6.17 4.67

* As of 19 January 2022 [49].
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2.4. Statistical Analyses

Based on the questions in the survey, the variables to be subjected to a later analysis
were identified. The rank scale (qualitative) of most of the variables accepted for the study
determined the choice of adequate statistical tests. The only quantitative variable did
not show a normal distribution. Thus, non-parametric Pearson χ2 and Mann–Whitney U
tests were used in the analysis. The statistical significance of differences between selected
groups of respondents was tested with the Mann–Whitney U test, whereas the statistical
dependence between variables was assessed with the χ2 test. Descriptive statistics included
calculations of relative frequencies (the number of categories of variables expressed as a
percentage) and mean, median, minimum and maximum values of the examined variables.
The assumed minimum level of significance for all statistical tests was 0.05.

All factors differentiating at the established level of significance between the behaviors
of innovators and non-innovators were included as potential independent variables in the
logistic regression model. Finally, the model presented below only includes those indepen-
dent variables whose structural parameters met the condition of statistical significance.

The interpretation of the results (odds ratio) of the logistic regression analysis consisted
of determining by what percentage the likelihood of changing consumer behavior shifted
with the changes in the value of a specific independent variable.

All calculations were made using the Statistica 14.1 statistical packageunder statsoft
license available for university employees.

3. Results

3.1. Respondents’ Innovation in the Fruit and Preserve Market

In the studied population, 13.0% of the respondents declared to buy new fruits and
preserves immediately after they showed up on the market (innovators); a total of 44.8%
responded that they purchased new products relatively quickly, though after some con-
sideration (early adopters); a total of 23.0% of the respondents said they bought novelties
after some of their acquaintances had tried them and given positive opinions (early ma-
jority); a total of 9.8% of the questioned people purchased new products after most of
their acquaintances had tried them and given positive opinions (late majority); and 9.0%
declared reluctance to buy new products (laggards). Upon projecting the acquired data
onto Rogers’ model of distribution [14], the studied population was found to consist mostly
of innovators and early adopters, with a significantly lower percentage of those consumer
groups who were less enthusiastic or downright skeptical towards innovative products
(Figure 1).

 

Figure 1. Comparison of the studied population’s distribution with Rogers’ model, accounting for
innovation level (%).
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Considering the acquired results, for the purpose of further analyses, the studied
population was divided into two groups based on innovation level, the group of innovators,
including innovators and early adopters (n = 349, 58.2%); and the group of non-innovators,
consisting of early majority, late majority and laggards (n = 251, 41.8%).

3.2. Comparative Characteristics of Innovators and Non-Innovators Accounting for Demographic,
Social and Economic Features

The conducted analyses showed no statistically significant correlations between con-
sumer groups with different affinities for innovative behaviors and their gender, age, place
of residence, number of people in the household or education level.

In the case of income, a larger percentage of innovators than non-innovators declared
earnings in the ranges of PLN 1501–3000 and PLN 3000–4500, whereas nearly twice as
many non-innovators compared with innovators declared earning less than PLN 1500. The
value of the χ2 = 14.2845 test statistics and the value of p = 0.0064 assigned to it indicated
a statistically significant correlation in terms of the income levels of innovators and non-
innovators. Higher income meant a higher percentage of people with affinity for innovation
(Table 2).

Table 2. Characteristics of innovators and non-innovators accounting for demographic, social and
economic features.

Variable
Innovators

(349)
Non-Innovators

(251)
Statistic p-Value

Age (years)

Average (median) 46 (45.8) 47 (46.10) Z = −0.2671 * 0.7893

Gender (%)

Female 50.14 54.58
χ2 = 1.1523 0.2831

Male 46.86 45.42

Place of Residence (%)

Rural areas 40.97 38.24

χ2 = 0.8133 0.8463
Towns, up to 100,000 residents 30.95 33.47

Towns, 100,000–500,000 residents 16.33 17.53

Cities, over 500,000 residents 11.75 10.76

Education (%)

Primary 6.30 9.96

χ2 = 7.1373 0.0677
Vocational 32.66 24.30

Secondary 34.67 34.66

Higher 26.36 31.08

Number of People in the Household (%)

1–2 29.23 30.68

χ2 = 1.4869 0.47553–4 54.44 56.57

5 and more 16.33 12.75

Monthly Per Capita Income (%)

Under PLN 1500 (332.6 EUR) 16.92 28.89

χ2 = 14.2845 0.0064

1501–3000 (332.7–665.2 EUR) 51.96 48.44

3001–4500 (665.3–997.8 EUR) 18.13 12.89

4500–6000 (997.9–1330.4 EUR) 8.16 4.44

Over PLN 6000 (1330.5 EUR) 4.83 5.33

* Z-statistics and the corresponding p-values refer to the comparison of the medians with a non-parametric
Mann–Whitney U test.
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3.3. Frequency of Consuming Fruit and Fruit Preserves of Innovators and Non-Innovators

Both the innovators and those respondents who were less willing to purchase inno-
vative products most often consumed fruit juices (means of 4.87 and 4.48, respectively)
and fresh fruit (4.66 and 4.34). Much less popular among both groups were products such
as dried fruit (3.21 and 2.90), fruit and vegetable juices (3.12 and 2.80) and canned fruit
(3.04 and 2.59), while the least frequently consumed products, among both innovators and
non-innovators, were frozen fruit (2.67 and 2.44), fruit mousses (2.96 and 2.39), fruit/fruit
and vegetable salads (2.90 and 2.37), fruit chips (2.54 and 2.02) and freeze-dried fruit (2.12
and 1.69). For all the product categories analyzed, the innovators exhibited a higher level
of consumption (Figure 2; detailed data are provided in Appendix A, Table A1).

 

Figure 2. Frequency (On a scale of 1–7: 1—never; 2—less often than once a month; 3—1–3 times a
month; 4—once a week; 5—several times a week; 6—once a day; 7—several times a day)of consuming
fruits and fruit preserves of innovators and non-innovators.

Regarding fresh fruit and traditional fruit preserves (juices, dried fruit, frozen fruit),
differences in the frequency of consumption of these products were statistically significant
at p < 0.05, whereas in regard to modern fruit preserves (fruit mousses, salads, fruit chips
and freeze-dried fruit), they were significant at p < 0.001 (Table 3).

Table 3. Variation in frequency of consuming fruits and fruit preserves for innovators and non-
innovators.

Variable Z-Statistic * p-Value *

Fresh fruit 3.1742 0.0015

Traditional fruit
preserves

Dried fruit 2.9140 0.0036

Frozen fruit 2.6022 0.0093

Fruit juices 3.2152 0.0013

Fruit and vegetable juices 2.6848 0.0073

Modern fruit
preserves

Freeze-dried fruit 4.6026 0.0000

Canned fruit 4.3668 0.0000

Fruit mousses 5.4274 0.0000

Fruit chips 5.0225 0.0000

Fruit and fruit-vegetable salads 4.7406 0.0000
* Z-statistics and the corresponding p-values refer to the comparison of the medians with a non-parametric
Mann–Whitney U test.
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3.4. Expenses for Purchasing Fruit Incurred by Innovators and Non-Innovators

The majority of innovators (57.6%) declared spending more than PLN 41 (EUR 8.9)
per week on fruit, whereas 62.9% of non-innovators spent less than that (Figure 3). The
value of the Mann–Whitney U test (5.1779; p = 0.0000) indicated a statistically significant
difference in expenses on fruit incurred by innovators and non-innovators.

 
Figure 3. Weekly expenses on fruits and fruit preserves by innovators and non-innovators.

3.5. Places for Innovators and Non-Innovators to Purchase Fruits and Fruit Preserves

Both innovators and non-innovators most frequently bought their fruit at discount
stores (means of 3.98 and 3.96, respectively) and supermarkets/hypermarkets (3.45 and
3.06). Less popular places for purchasing included convenience stores (3.21 and 3.01),
marketplaces (2.96 and 2.76) and local grocery stores, while the least frequently used
sources of fruits were street stalls (2.01 and 1.7) and online shopping (1.58 and 1.29) (Figure 4;
detailed data are provided in Appendix A, Table A2).

 
Figure 4. Frequency (On a scale of 1–6: 1—never; 2—less than once a month; 3—1–3 times per month;
4—once a week; 5—several times a week; 6—once a day) of purchasing fruit and fruit preserves at
selected places of purchase of innovators and non-innovators.
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Statistically significant differences between innovators and non-innovators in the
frequency of purchasing from the analyzed sources were found in the case of supermar-
kets/hypermarkets and online shops (p < 0.001), while for the local grocery stores, street
stalls and marketplaces, the level of statistical significance of the differences was less than
0.05. No differences were found among the consumer groups in the frequency of buying at
discount stores and convenience stores (Table 4).

Table 4. Variations in the frequency of buying fruits and fruit preserves from selected sources for
innovators and non-innovators.

Variable Z-Statistic * p-Value *

Discount 0.0843 0.9328

Supermarket, hypermarket 4.1529 0.0000

Convenience store 1.7903 0.0734

Marketplaces 2.0570 0.0397

Street stall 2.8337 0.0046

Grocery store 2.7099 0.0067

Online shop 3.7700 0.0000
* Z-statistics and the corresponding p-values refer to the comparison of the medians with a non-parametric
Mann–Whitney U test.

3.6. Relevance of Selected Features of Fruits and Fruit Preserves for Innovators and
Non-Innovators

Consumers with both high and low innovation levels considered the following features
to be the most relevant in their choice of fruit and fruit preserves: freshness (means of
6.40 and 6.61, respectively), taste preferences (5.95 and 6.12) and appearance (5.93 and
6.17). Less important factors included the following: habits (5.20 and 5.45), price (4.90 and
5.24), information on the packaging (4.83 and 4.51), packaging size (4.61 and 4.56), country
of origin (4.35 and 4.03) and biodegradability of the packaging (4.09 and 3.50) (Figure 5;
detailed data are provided in Appendix A, Table A3).

 
Figure 5. Significance (On a scale of 1–7: 1—definitely irrelevant factor; 7—definitely relevant factor)
of selected features of fruits and fruit preserves for innovators and non-innovators.

The innovators, with statistical significance, found features of fruits and fruit pre-
serves such as biodegradability of the packaging (p < 0.001), information on the packaging
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(p < 0.05) and country of origin of the products (p < 0.05) to be the most relevant, whereas
for non-innovators, the importance of price (p < 0.05) and habits of consuming specific
types of fruit (p < 0.05) was higher (Table 5).

Table 5. Variations in significance of selected features of fruit and fruit preserves for innovators and
non-innovators.

Variable Z-Statistic * p-Value *

Price −2.6263 0.0086

Appearance −1.8090 0.0705

Freshness −1.4786 0.1393

Taste preferences −0.6476 0.5172

Country of origin 2.0305 0.0423

Packaging size 0.0781 0.9378

Information on the packaging 2.3897 0.0169

Biodegradability of the packaging 4.0720 0.0000

Habits (familiarity with the variety/fruit) −2.1706 0.0300
* Z-statistics and the corresponding p-values refer to the comparison of the medians with a non-parametric
Mann–Whitney U test.

3.7. Using Logistic Regression to Analyze the Factors Determining Consumer Innovation

Among the factors stimulating consumer affinity for innovation in the fruit and fruit
preserve market accounted for in the regression analysis, statistically significant differences
(p < 0.05) were found in the case of six of the analyzed independent variables, such as
frequency of making purchases in supermarkets/hypermarkets (1) and via the Internet (2);
level of weekly expenses on fruit (3); importance of the price (4); biodegradability of the
packaging (5); and habits (6) of buying fruits and fruit preserves.

The results of the regression show that a higher frequency of buying at supermar-
kets/hypermarkets and online increased the chance for a consumer to have an affinity for
innovative solutions in the fruit and fruit preserve market by 23.8% and 31.4%, respectively.
Higher weekly expenses on fruit resulted in innovation being increased by 32.7% and
greater importance of biodegradability of the packaging increased affinity for innovation
by 21.6%. On the other hand, a greater importance of price in purchasing fruit and pre-
serves resulted in the chance for innovation to be decreased by 11.8%, whereas a greater
significance of habits reduced affinity for innovation by 19.7% (Table 6).

Table 6. Values of logistic regression model coefficients.

Variable Coefficient Odds Ratio Standard Error t-Stat. (593) p-Value

Frequency of buying at
super-/hypermarkets 0.213 1.238 0.081 2.639 0.009

Frequency of buying online 0.273 1.314 0.119 2.294 0.022

Expenses on fruit 0.283 1.327 0.084 3.366 0.001

Importance of price in buying fruit −0.126 0.882 0.060 −2.094 0.037

Importance of biodegradability of the
packaging in buying fruit 0.196 1.216 0.053 3.698 0.000

Importance of habits in buying fruit −0.220 0.803 0.072 −3.041 0.002

Constant −0.42
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4. Discussion

The problem of low fruit and vegetable consumption in comparison with dietary
recommendations concerns more than a half of the WHO countries, mainly Eastern Eu-
rope [43]. Considering the nutritional value of these products, their protective effects
against various chronic diseases and the fact that a diet rich in vegetables and fruit has
a beneficial effect on the environment, many countries are undertaking intervention ac-
tivities, mainly of educational [43] and marketing nature, but also within the scope of the
so-called nudge interventions [50]. Such activities are also undertaken in Poland. However,
they do not solve the problem, so other methods for stimulating consumer interest in the
consumption of these products should be searched for. In the undertaken research study,
it was decided to check whether innovation, in its broadest sense, could constitute such a
method.

One of the assumed objectives of the study was to determine the consumer structure
based on affinity for innovation in the fruit and preserve market. The obtained results
indicate that the distribution of the studied population differed from the Rogers’ model
distribution in this matter; a much larger percentage of innovators (13.33% and 2.50%,
respectively) and early adopters (44.84% and 13.50%) were found, as well as significantly
fewer consumers exhibiting the behaviors of early majority (23% and 34%, respectively),
late majority (9.83% and 34%) and laggards (9% and 16%). Previous research on this issue
also proves a greater consumer affinity for innovative behaviors in the food market [51];
moreover, Gonera et al. [52] have found a higher degree of innovation among consumers
with high acceptance of plant-based products. Winger and Wall [53] explain the greater
consumer affinity for innovation in the food market with lower risk being related to
purchasing innovative products. The risk level related to purchasing decisions regarding
new products depends, among other factors, on the extent to which they differ from what is
familiar to the consumer [54]; since the majority of food innovations are incremental changes
(continuous innovations), the innovative offer does not differ dramatically from traditional
products, which lowers the risk and increases the consumer willingness to purchase.

By analyzing the socio-demographic profile of innovators and non-innovators, as
opposed to other research studies [17–20], no differences between the two groups were
found in regard to age, sex, education, place of residence or number of people in the
household. However, a statistically significant influence of income on the respondents’
innovation level was discovered, confirmed by other research studies, both on Polish
consumers [51] and other nationalities [19].

The crucial issue in the conducted study was to determine the differences in the fre-
quency of consuming fruit and preserves between innovators and non-innovators. The
obtained results show that all the analyzed product categories were consumed by innova-
tors more frequently, with statistical significance. The most obvious explanation of the fact
that innovators consumed fruit and preserves more often is the higher income declared
by the members of this group, as well as the correlation between income level and vol-
ume of fruit and preserve consumption, which has been proven in earlier research [55,56].
However, in explaining this correlation, it can be assumed with high probability that
affinity for innovative behaviors goes hand in hand with seeking information on new
products, consequently obtaining knowledge about properties of fruits and preserves, their
nutritional value and health benefits (this thesis has been proven in a study on ecological
food) [57]. As a result, an innovative consumer becomes convinced that consuming fruit
and preserves is useful, which, according to the theory of planned behavior [58], is one
of the factors determining their buying intentions and decisions to purchase. The more
frequent consumption of fruit and preserves, as well as the higher income declared by the
innovators, resulted in them spending more on fruit.

An analysis of the variation in innovators’ and non-innovators’ preferred places for
purchasing fruit and preserves only showed statistically significant differences in the case
of supermarkets/hypermarkets and online shopping; innovators declared using both of
these forms of distribution more often. In relation to both of these places of purchase, the
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identified difference can be explained by a relatively larger offer of innovative fruit and
preserves than in other stores; in the case of supermarkets/hypermarkets this would be the
result of a broad selection of products on offer [59], whereas in the case of online stores,
of a highly specialized offer [60,61]. Moreover, in the big-box stores, the presence of other
customers enhances the bandwagon effect and reduces social risk [62], which might cause
the innovative offer to garner more attention. Online stores, on the other hand, allow one
to obtain information about the purchased products, which is important for innovative
consumers [63,64] and, at the same time, caters to their openness to new experiences and
their aspiration to take advantage of innovative solutions in different areas of activity [16].

Both the consumers with high and low levels of innovation found the following factors
the most important in selecting fruits and preserves: freshness, preference for taste and
appearance. The importance of these factors in selecting food products has also been found
in other studies [65–71]. Previous studies on the consumer-preferred characteristics of
fruits and processed fruits have also found the importance of other characteristics of these
products, such as health benefits, attractiveness and uniqueness (for tropical fruits), [72],
health benefits and convenience (for dried fruits) [73], composition and origin (for canned
fruits) [74] or naturalness (for fruit juices) [75]. Differences between innovators and non-
innovators in evaluating the importance of determinants for selecting fruits and preserves
were found in the case of factors such as biodegradability of the packaging, information
included on the packaging and country of origin, which were more important to the
innovators; price and habits were more important to non-innovators. More innovative
consumers have also been found to value environment-friendly and healthy solutions in the
study by Samoggi and Nicolodi [27]. This correlation can be justified by a (psychologically
conditioned) greater openness of this consumer group to innovative solutions [16], as well
as greater awareness of the benefits coming with those. Moreover, current research suggests
that, in the case of fresh fruit, biodegradability of the packaging enhances the innovative
image of a product and positively affects its selection [76,77]. As for innovators paying
attention to the information on the packaging and the product’s country of origin, these
can be linked to a greater affinity for seeking knowledge about purchased goods, which
is characteristic of this consumer group [78]. When it comes to those features of fruits
and preserves that are more important to non-innovators, the greater significance of price
should be attributed to those with lower incomes in this consumer group and the resulting
limitations regarding the selection of purchased products [79], whereas sticking to buying
habits is considered to be a typical feature of consumers reluctant to adopt innovative
behaviors [16,80].

5. Strengths, Limitations and Future Research

The obtained results can be important both for the enterprises of the fruit–vegetable
sector and for the institutions and organizations dealing with nutrition. Studying consumer
behaviors and expectations in regard to innovative products can be helpful to create
marketing strategies for such products and positively affect their adaptation and diffusion,
eventually contributing to a greater consumption of fruit and fruit preserves.

The weakness of this study could be the relatively small sample group, though the
criteria for its selection (consuming fruit and preserves at least once per month and being
responsible for buying these products for the household) could be seen as an explanation
of the final number of participants of the study. The research study was indubitably limited
by the fact that the sample consisted exclusively of Polish consumers, which calls for
confirming the observed correlations with studies in other countries. It would also be
advisable to make future research more detailed by analyzing more factors that potentially
differentiate consumer behaviors, or by focusing the analysis on specific types of products.
It should also be noted that market behaviors of consumers eating fruit less often than once
per month also need to be studied; this was omitted in this research study.
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6. Conclusions

The results of the study show that consumers with greater affinity for purchasing
innovative products ate fruit and fruit preserves more often. Differences were found
between innovators and non-innovators in terms of income, expenses incurred for buying
fruits and places for purchasing fruit and fruit preserves, as well as product features
determining the decision to buy.

The regression analysis showed that selling innovative products through modern
channels of distribution, using biodegradable packaging and rationalizing the prices of the
innovative offer showed to be the most promising factors in terms of affecting the increase
in consumer affinity for innovative behaviors.
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Appendix A

Table A1. Frequency * of consuming fruits and fruit preserves of innovators and non-innovators.

Variable Innovators Non-Innovators

Fresh fruit 4.66 4.34

Traditional fruit
preserves

Dried fruit 3.21 2.90

Frozen fruit 2.67 2.43

Fruit juices 4.87 4.48

Fruit and vegetable juices 3.12 2.80

Modern fruit
preserves

Freeze-dried fruit 2.12 1.69

Canned fruit 3.04 2.59

Fruit mousses 2.96 2.39

Fruit chips 2.54 2.02

Fruit and fruit-vegetable salads 2.90 2.37
* On a scale of 1–7: 1—never; 2—less often than once a month; 3—1–3 times a month; 4—once a week; 5—several
times a week; 6—once a day; 7—several times a day.
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Table A2. Frequency * of purchasing fruit and fruit preserves at selected places of purchase of
innovators and non-innovators.

Variable Innovators Non-Innovators

Discount 3.98 3.96

Supermarket, hypermarket 3.45 3.06

Convenience store 3.21 3.01

Marketplaces 2.96 2.76

Street stall 2.01 1.70

Grocery store 2.99 2.73

Online shop 1.58 1.26
* On a scale of 1-6: 1—never; 2—less than once a month; 3—1–3 times per month; 4—once a week; 5—several
times a week; 6—once a day.

Table A3. Significance * of selected features of fruits and fruit preserves for innovators and non-
innovators.

Variable Innovators Non-Innovators

Price 4.89 5.23

Appearance 5.35 5.27

Freshness 5.93 6.17

Taste preferences 6.39 6.61

Country of origin 5.95 6.12

Packaging size 4.52 4.29

Information on the packaging 4.35 4.03

Biodegradability of the packaging 4.61 4.56

Habits (familiarity with the variety/fruit) 4.83 4.51
* On a scale of 1–7: 1—definitely irrelevant factor; 7—definitely relevant factor.
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Abstract: The Japanese Food Guide Spinning Top (JFGST) indicates optimal intake of five food
groups (grain, fish and meat, vegetables, milk, and fruits) and sugar and confectionaries. We aimed
to investigate whether adherence to the JFGST in 8th grade junior high school students (n = 3162)
was associated with cardiometabolic risks and how different scorings of the JFGST influenced the
associations. Metabolic risks were assessed from anthropometrics, blood pressure measurements,
and blood glucose and lipid profile measurements. Three types of scoring adherent to the JFGST
were analyzed (10 points were given for each item with optimal intake; range: 0–60): the original
scoring (ORG scoring); first modified scoring, which had no upper limits for vegetables and fruits
(MOD1 scoring); and MOD2 scoring without upper limits for five dishes (MOD2 scoring). The MOD2
scoring was positively associated with dietary fiber, potassium, calcium, and vitamins. All types of
scorings were associated with low glucose levels (p ≤ 0.001); the MOD2 scoring was associated with
low systolic blood pressure (p = 0.001) and low cardiometabolic risk (p = 0.003). Our findings suggest
that Japanese adolescents adherent to the JFGST had low cardiometabolic risks and should not fall
below lower limits for intake of the abovementioned five food groups.

Keywords: adolescents; blood pressure; cardiometabolic risks; diet quality; energy-providing
nutrients; fasting plasma glucose level; Japan Food Guide Spinning Top; Shokuiku

1. Introduction

Numerous dietary indices, including modifications and variants, have been proposed
to assess overall diet quality representing nutrient recommendations, healthy dietary habits,
and dietary variety [1]. People consume a combination of several foods containing various
nutrients that are interrelated metabolically and functionally in one sitting. Dietary indices
have been reported to be associated with health outcomes, such as total mortality and
cardiovascular diseases [2]. Most dietary indices are based on dietary guidelines and food
guides in the US, such as the Healthy Eating Index and the Diet Quality Index [3,4], or on a
Mediterranean diet pattern, such as the Mediterranean Diet Score and the Mediterranean
Diet Quality Index for children and adolescents [5,6]. Dietary patterns in these countries are
different from those of Japan. Fat and carbohydrate in food supply accounted for 37.7–43.8%
and 43.3–48.7% of the total energy, respectively, in 2017 in North America, Western Europe,
and Australia. In contrast, the proportions of these nutritional components were 29.8–30.3%
and 56.7–57.3%, respectively, in 2017–2019 in Japan [7]. Japanese people may consume less
fat and more carbohydrates than people in countries where the aforementioned dietary
indices are used. The longevity and relatively low morbidity of cardiovascular diseases
in Japan are attributed to the Japanese diet. Appropriate dietary indices associated with
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Japanese health should be used to assess Japanese dietary patterns. Since high carbohydrate
intake is considered a feature of the Japanese diet [8], a diet index comprising energy-
providing nutrients could be applied to achieve health-promoting benefits.

The Japanese Food Guide Spinning Top (JFGST) was developed in 2005 as an ed-
ucational tool to promote healthy behavior in Japanese people [9]. It was based on the
Dietary Guidelines for Japanese and the Dietary Reference Intakes for Japanese, which take
into account the Japanese culture, that is, considering carbohydrate intake. The JFGST is
applicable for individuals aged 6 years or older on the assumption that they adhere to their
estimated energy requirements. The JFGST is expected to be available in food and nutrition
education (“Shokuiku”) campaign.

JFGST-based scoring has been used to assess diet quality in several reports. Adherence
to the JFGST showed beneficial associations with the scores on mortality, metabolic risk
factors, depression, and sleep [10–20]. However, scoring methods based on the JFGST vary
among reports, that is, with or without upper limits of the recommended range of food
groups [10–12]; with additional scoring items, such as energy [10,11], sodium intake [12],
and red/white meat [11]; and using continuous points [12] or discrete points after rounding
to whole numbers [16]. Different scoring methods may influence associations with health
outcomes in different ways.

The original JFGST comprises five food groups with upper and lower limits using
discrete points, and two items with upper limits, including sugar and confectionaries,
and alcohol beverages. However, it does not include items on energy, sodium, or red
and white meat [9]. Since there were few habitual consumers of alcohol beverages in
Japanese adolescents (0.5–1.8%) [21], six items, including five food groups and sugar and
confectionaries, are appropriate. Meanwhile, achieving dietary and nutritional balance is
an essential goal of the JFGST [9]. In the Dietary Reference Intakes for Japanese, items with
defined upper limits for preventing lifestyle-related diseases are sodium and saturated
fatty acids [22]. However, these could not determine the upper limits of vegetable dishes,
fish and meat dishes, milk, and fruits. Oba et al. used the original lower and upper
limits of the JFGST [10], Kurotani et al. removed the upper limits for vegetable dishes
and fruits [11], and Kuriyama et al. did not use the upper limits for five food groups [12].
While only the score without the upper limits was associated with favorable nutrient intake
patterns in Japanese women [12], all three scoring systems showed inverse associations
with mortality [10,11] and metabolic risk factors [15,17]. In addition, there are no reports
that the scores were coincidentally calculated with or without upper limits of the food
groups to assess the associations with metabolic factors except for one study on adults,
which showed that both scorings had unexpected associations with serum cholesterols and
glycosylated hemoglobin [17].

Previous reports based on the JFGST targeted adult population [10–18,20], except
for one study that analyzed a population aged < 6 years [19], which is not a target age
population of the JFGST. However, there are no reports for adolescents. Therefore, the
association between metabolic risk factors and the scoring system in adolescents is still
unknown. The aim of the study was to investigate the association between diet quality
score of adherence to the JFGST, representing a feature of Japanese diet, and metabolic risk
factors in Japanese adolescents. We examined three scoring systems to clarify the different
factors that influence the associations between the scores and cardiometabolic risk factors.

2. Materials and Methods

2.1. Participants

This study was part of the Shunan Child Cohort Study described in detail else-
where [23–25]. The participants were 8th-grade junior high school students from 17 junior
high schools in Shunan City, Japan. From 6805 students attending any of the schools
between 2006 and 2010, 6226 students participated in this study with their guardians’
consent. We excluded those with missing variables; with physician-diagnosed diseases;
who had taken breakfast before blood extraction; with high plasma glucose, triglyceride, or
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low-density lipoprotein cholesterol levels due to possible postprandial values, or familial
hypercholesterolemia; and with implausible energy intake (Figure 1). Overall, we analyzed
the data of 3162 participants.

 

Figure 1. Selection of participants for analysis.

2.2. Dietary Assessment

Foods and nutrients were assessed using a brief-type self-administered diet history
questionnaire for youths (BDHQ15y). The BDHQ15y, which assesses the consumption
frequency of 63 selected food items and 17 dietary behaviors in the previous month, is a
modification of the BDHQ for adults. The correlation coefficients between the estimates
from the single BDHQ for adults and 16-day dietary records were 0.17–0.66 (Spearman cor-
relation) for cereals, sugar and confectionaries, vegetables, potatoes, fruits, fish, meat, egg,
dairy products, and non-alcoholic beverages [26]; 0.35–0.64 (Pearson correlation) for pro-
tein, fat, and carbohydrate; 0.44–0.66 (Pearson correlation) for sodium, potassium, calcium,
magnesium, and iron; and 0.42–0.63 (Pearson correlation) for beta-carotene equivalent,
and vitamin C [27]. Spearman correlation coefficients with corresponding biomarkers in
adolescents were 0.26–0.31 for serum carotenoids; 0.22–0.48 for red blood corpuscle marine
omega-3 polyunsaturated fatty acids [28]; 0.11–0.30 for urinary nitrogen [29]; and 0.05 for
sodium; 0.11 for potassium; and 0.10 for the sodium-to-potassium ratio [30]. Plausible
responders were considered to have energy intake ≥0.5 and ≤1.5 times of age- and sex-
specific estimated energy requirements for low and high physical activity levels (PALs),
respectively [31]. Intake of nutrients and food was adjusted using an energy density
method [32]. As we could not determine the PAL of the participants, individual intake
was standardized assuming energy intake equal to age- and sex-specific estimated energy
requirements for moderate PAL.
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Diet quality was assessed from five food dish groups (grain dishes, vegetable dishes,
fish and meat dishes, milk, and fruits) and sugar and confectionaries based on the JFGST
(Supplementary Table S1) [9,33]. The original score was calculated from the standardized
energy-adjusted nutrient and food intake based on the serving standards of the JFGST
scoring system. For five dishes, one serving (SV) corresponded to 40 g of carbohydrate
for grains, 70 g of vegetables for vegetable dishes, 6 g of protein for fish and meat, 100 mg
of calcium for milk, and 100 g of fruits for fruits. The number of servings was rounded
to whole numbers as follows: if the value obtained was between 0.67 and <1.5, it was
counted as one serving; any value between 1.5 and <2.5 was rounded off to two servings;
and any value between 2.5 and <3.5 was rounded off to three servings. The rounding-off
manner applies to the succeeding values (i.e., 3.5 to <4.5 and so on). The maximum point
per dish was 10. When the intake was lower or higher than the optimum, a point was
calculated as SV/lower limit of the optimum × 10 or 10 − (SV − the upper limit)/upper
limit × 10, respectively (Supplementary Table S1). When the calculated point was less than
zero, zero point was given. Optimum intake of sugar and confectionaries, which are not
counted in SV, was <200 kcal giving 10 points, and points for ≥200 kcal were calculated
(corresponding energy − 200)/200 × 10. When the calculated point was less than zero, zero
point was given. The first modified score (MOD1 score) was the same as the original score
(ORG score), except that no upper limits were set for vegetable dishes and fruits according
to Kurotani et al. [10,11]. The second modified score (MOD2 score) had no upper limits
for the five dishes according to Kuriyama et al. [12]. The scores of three scoring methods
ranged from 0 to 60, with higher values indicating higher adherence to the JFGST.

2.3. Cardiometabolic Risk Factors

School nurses measured the participants’ body height and weight near 0.1 cm and
0.1 kg, respectively. Body mass index (BMI; kg/m2) was calculated as the weight divided by
the square of height. The standard deviation score of BMI (zBMI) was calculated based on
the Japanese reference in 2000 [34] using the Lambda–Mu–Sigma method [35]. Blood pres-
sure (BP) was measured twice using auto-sphygmomanometers (HEM-707, HEM-757, or
HEM-780, OMRON, Kyoto, Japan) after 5 min of sitting. Mean systolic and diastolic blood
pressure (SBP and DBP, respectively) measurements were used. The participants were asked
to fast 10–12 h before the blood extraction. Triglyceride (TG), low-density and high-density
lipoprotein serum cholesterol (LDL-C and HDL-C, respectively), and plasma glucose levels
were measured from blood specimens. Cardiometabolic risks were defined based on the
definition of the International Diabetes Federation (32): zBMI ≥ 1; TG ≥ 150 mg/dL;
LDL-C ≥ 120 mg/dL; HDL-C < 40 mg/dL; fasting plasma glucose ≥ 100 mg/dL; and
SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg. Cardiometabolic risks were summed up as a
metabolic syndrome score (MS score) ranging from 0 to 6.

2.4. Confounding Factors

The lifestyle questionnaire assessed movement behavior and household information.
Sports activity (>2 times/week or not), TV watching (>2 h/d or not), sleep duration (h),
number of siblings (1, 2, or ≥3), and single parent (yes or no) were used as possible
confounders.

2.5. Statistical Analysis

Unless specified, variables are expressed as mean ± standard deviation or count (%).
After checking for normality using quantile–quantile plots, the JFGST score points and
triglyceride levels are expressed as median (minimum, maximum). Scores were categorized
based on quintile levels (the lowest Q1 to the highest Q5). The median of energy-adjusted
food and nutrient intake (% of total energy intake for energy-providing nutrients and
amount per 1000 kcal for remaining nutrients and food groups) in each category and the
ratio of intake in Q5:Q1 (%) were calculated to examine the contribution of foods and
nutrients to the score. Non-parametric trend tests for food and nutrients across Q1 to
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Q5 were performed using the Jonckheere–Terpstra test for two-sided monotonic trends.
Gaussian linear regression models were used to examine the association between the score
and individual cardiometabolic risks. When the triglyceride level was used as a dependent
variable, it was natural log transformed. Poisson regression models were used for the MS
score because it had a skewed distribution of zero (Table 1); the effect on the dependent
variable was an exponential function of a coefficient. Coefficients of both regression models
were calculated as an effect of 10 points of score. R version 4.0.3 (R Foundation for Statistical
Computing) was used [36], and the significance level was set at p = 0.05.

Table 1. Characteristics of the analyzed participants (n = 3162).

Characteristics Value

Age, years 13.6 ± 0.3
Body mass index (BMI), kg/m2 19.2 ± 2.6

z-score of BMI −0.2 ± 0.9
Triglyceride, mg/dL 52 (15, 249)

LDL-C, mg/dL 88.1 ± 19
HDL-C, mg/dL 67.7 ± 13.9

Fasting plasma glucose, mg/dL 90 ± 5.8
Systolic blood pressure, mmHg 114.2 ± 11.6
Diastolic blood pressure, mmHg 68.1 ± 8.7

Energy intake, kcal/day 2220 ± 632
Sex

Male 1627 (51.5)
Female 1535 (48.5)

MS score
0 2298 (72.7)
1 684 (21.6)
2 150 (4.7)

3, or 4 30 (1.0)
Data are expressed as mean ± standard deviation, median (minimum, maximum), or count (%). LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol. The MS score (metabolic syndrome
score) is the clustering of cardiometabolic risks.

3. Results

The mean age of the participants was 13.6 ± 0.3 years, and the average BMI was
19.2 ± 2.6 kg/m2 (Table 1). Of 3162 participants, 27.3% had one or more cardiometabolic
risk factors.

For many students, the servings of fish and meat dishes and milk were over the
upper limits (70.2% and 52.3%, respectively), and some of them had zero points for these
dishes (11.7% and 41.1% of total participants, respectively; Supplementary Figures S1–S3).
Therefore, the median points for fish and meat dishes and milk using the scoring with the
upper limits (6.7 and 5 points, respectively) increased when using the scoring without the
upper limits (10 and 10 points, respectively; Table 2). For less than 10% of the students,
the points for grain dishes (3.4%), vegetable dishes (9.7%), and fruits (4.3%) were above
the upper limits. The points for these dishes were similar regardless of whether the upper
limits were applied or not. The median JFGST scores were 32 (minimum: 6.7, maximum:
58.3) using the ORG scoring, 33 (3.7, 58.8) using the MOD1 scoring with no upper limits for
vegetable dishes and fruits, and 40.9 (15, 60) using the MOD2 scoring with no upper limits
for all dishes except for sugar and confectionaries.
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Table 2. Diet quality scoring based on the Japanese Food Guide Spinning Top for adolescents
(n = 3162).

Applying Both Upper
and Lower Limits

Applying
Only the Lower Limits

Applying
Only the Upper Limits

Median Min. Max. Median Min. Max. Median Min. Max.

Grains 8.3 2 10 8.3 2 10 — — —
Vegetables 6.7 0 10 6.7 0 10 — — —

Fish and meat 6.7 0 10 10 0 10 — — —
Milk 5 0 10 10 0 10 — — —

Fruits 5 0 10 5 0 10 — — —
Sugar and confectionaries — — — — — — 0 0 10

Min., minimum; Max., maximum.

Using the MOD2 scoring, the higher the total score, the higher the median intake of fish
and meat, fish, and milk (Q5:Q1 ratios, 122–282%), whereas other scorings showed opposite
trends of the medians across the quintile categories in these food groups (Q5:Q1 ratios,
62–83%; Table 3). In addition, the MOD2 scoring had higher Q5:Q1 ratios for vegetables
and fruits than other scorings. In terms of nutrients, protein, sodium, and calcium intake
showed opposite trends of the medians across the quintile categories in the MOD2 scoring
and other scorings (Table 4); the higher score of the MOD2 scoring, the higher median
intake of protein, sodium, and calcium. Beneficial health nutrients, such as dietary fiber,
potassium, β-carotene equivalents, and vitamin C, had larger differences between the
lowest and the highest score categories (Q1 and Q5) in the MOD2 scoring (Q5:Q1 ratios,
141–229%). Saturated fatty acids showed similar trends across the three types of scorings;
Q5:Q1 ratios in the ORG and MOD1 scores were 72%, and that in the MOD2 score was 87%.

Table 3. Median intake of food groups among quintile categories of the diet quality scores.

ORG Score MOD1 Score MOD2 Score
Q1 Q3 Q5 Q5:Q1 Q1 Q3 Q5 Q5:Q1 Q1 Q3 Q5 Q5:Q1

Grain, g/1000 kcal 167 215 253 152% 170 213 251 148% 193 209 231 120%
Vegetable, g/1000 kcal 96 113 136 141% 93 113 142 153% 78 109 155 198%

Fish and meat, g/1000 kcal 125 107 104 83% 125 107 104 84% 102 107 125 122%
Fish, g/1000 kcal 31 26 24 80% 30 26 25 83% 23 27 30 132%
Meat, g/1000 kcal 39 33 31 80% 39 33 31 80% 36 32 36 101%
Milk, g/1000 kcal 132 92 82 62% 133 91 82 62% 44 102 124 282%

Fruits, g/1000 kcal 14 21 34 248% 13 22 37 281% 12 26 39 340%
Sugar and confectionaries,

g/1000 kcal 119 92 62 52% 119 93 60 50% 133 97 46 35%

ORG score, original score. MOD1 (first modified) score was calculated as scores with no upper limits for vegetable
dishes and fruits. MOD2 (second modified) score was calculated as scores with no upper limits for all dishes
except for sugar and confectionaries. Jonckheere–Terpstra tests were used to test the trend across the quintile
categories of the scores, and all trends were significant (p < 0.001), except for the trend of meat intake across the
MOD2 score (p = 0.874).

The scores of the three scorings were significantly associated with low glucose levels
(all p < 0.001; Table 5). The Akaike’s information criterion was the lowest in the model
with the MOD2 score as a dependent variable. Only the MOD2 scoring was significantly
associated with low SBP (−0.81 mmHg per 10 points of the score; p = 0.001). The MS score
was also significantly associated with the MOD2 scoring (p = 0.003); an increase in the score
by 10 points was related to 0.89 (e−0.12) times in the number of risks.
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Table 4. Median intake of nutrients among quintile categories of the diet quality scores.

ORG Score MOD1 Score MOD2 Score
Q1 Q3 Q5 Q5:Q1 Q1 Q3 Q5 Q5:Q1 Q1 Q3 Q5 Q5:Q1

Protein, % of total energy intake 14.8 13.8 13.5 91% 14.7 13.8 13.6 92% 13.0 14.3 15.3 118%
Fat, % of total energy intake 34.0 30.2 27.1 80% 34.2 30.1 27.1 79% 32.0 29.6 28.6 89%
SFA, % of total energy intake 11.1 9.5 8.1 72% 11.2 9.4 8.1 72% 10.0 9.3 8.7 87%

Carbohydrate, % of total energy intake 49.2 54.1 57.8 117% 49.1 54.2 57.9 118% 53.4 54.6 54.6 102%
Dietary fiber, g/1000 kcal 4.7 5.3 5.9 125% 4.6 5.2 6.1 131% 4.4 5.8 6.3 142%

Sodium, mg/1000 kcal 1918 1807 1755 92% 1902 1799 1774 93% 1761 1843 1919 109%
Potassium, mg/1000 kcal 1172 1161 1203 103% 1150 1163 1231 107% 985 1255 1386 141%

Na/K ratio 2.8 2.7 2.5 92% 2.8 2.7 2.5 89% 3.1 2.5 2.4 78%
Calcium, mg/1000 kcal 380 326 292 77% 375 325 295 79% 260 345 374 144%

Magnesium, mg/1000 kcal 119 117 123 104% 117 117 124 106% 105 127 137 131%
Iron, mg/1000 kcal 3.8 3.7 3.8 101% 3.7 3.6 3.9 103% 3.4 3.9 4.2 121%

β carotene equivalents, μg/1000 kcal 1067 1291 1578 148% 1025 1275 1687 165% 829 1528 1896 229%
Vitamin C, mg/1000 kcal 44 51 61 140% 42 51 64 152% 38 59 68 176%

Energy, kcal 2044 2130 2184 107% 2057 2127 2171 106% 2062 2149 2016 98%

ORG score, original score. MOD1 (first modified) score was calculated as scores with no upper limits for vegetable
dishes and fruits. MOD2 (second modified) score was calculated as scores with no upper limits for all dishes
except for sugar and confectionaries. Jonckheere–Terpstra tests were used to test the trend across the quintile
categories of the scores, and all trends were significant (p < 0.001), except for the trend of iron intake across the
ORG score (p = 0.413) and energy intake across the MOD2 score (p = 0.130).

Table 5. Regression analysis of the effect of 10-point scores on cardiometabolic risks.

ORG Score MOD1 Score MOD2 Score
β SE p AIC β SE p AIC β SE p AIC

zBMI 1 −0.03 0.02 0.141 8456.6 −0.03 0.02 0.133 8457 −0.01 0.02 0.641 8459
ln (TG, mg/dL) 1 0.01 0.01 0.207 3601 0.01 0.01 0.249 3601 −0.01 0.01 0.285 3601
LDL-C, mg/DL 1 −0.59 0.44 0.172 27,559 −0.58 0.43 0.173 27,559 −0.45 0.44 0.305 27,559
HDL-C, mg/dL 1 −0.49 0.30 0.106 25,285 −0.57 0.30 0.057 25,284 −0.16 0.31 0.603 25,287
Glucose, mg/dL 1 −0.46 0.13 <0.001 19,949 −0.45 0.13 <0.001 19,949 −0.50 0.13 <0.001 19,947

SBP, mmHg 1 −0.09 0.25 0.710 24,120 −0.12 0.25 0.633 24,120 −0.81 0.25 0.001 24,110
DBP, mmHg 1 −0.02 0.20 0.936 22,542 −0.01 0.19 0.963 22,542 −0.24 0.20 0.235 22,541
ln (MS score) 2 −0.06 0.04 0.110 4264 −0.07 0.04 0.085 4264 −0.12 0.04 0.003 4258

1 Analyzed using the linear model. 2 Analyzed using the Poisson model, with the number of cardiometabolic
risks as a dependent variable. Both regression models were adjusted for age, sex, zBMI, sports activity, TV
watching, sleep duration, number of siblings, and single parent. Models for zBMI as a dependent variable were
adjusted for age, sex, sports activity, TV watching, sleep duration, number of siblings, and single parent. SE,
standard error of a coefficient estimate (β); AIC, Akaike’s information criteria; zBMI, z-score of body mass index;
TG, triglyceride; LDL-C and HDL-C, low- and high-density lipoprotein cholesterol, respectively; SBP and DBP;
systolic and diastolic blood pressure, respectively. The MS score is the clustering of cardiometabolic risks.

4. Discussion

We examined three scoring types of dietary quality based on the JFGST. The contri-
bution of each food group to the total score and the trends of nutrients and foods across
the quintile categories were similar between the original and the first modified (ORG, and
MOD1) scoring with no upper limits for vegetable dishes and fruits. In contrast, the contri-
bution of fish and meat dishes and milk to the score was high in the MOD2 scoring with
no upper limits for all dishes except for sugar and confectionaries. In addition, the MOD2
scoring and other scorings showed opposite trends for protein, sodium, and calcium intake,
and the MOD2 scoring could differentiate the variance in dietary fiber, potassium, and
vitamins compared with other scorings. All the three scoring types were significantly asso-
ciated with the fasting glucose level. Notably, the MOD2 score was significantly negatively
associated with SBP and the MS score.

Based on the data from the National Health and Nutrition Survey Japan, the modified
score without upper limits for five dishes was negatively associated with SBP in adults
≥20 years old of both sexes and with waist circumference in women [17]. In this study,
only the modified score without upper limits for five dishes (MOD2 score) was associated
with SBP and metabolic syndrome. However, in a study of female dietetic students aged
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18–22 years, the score was negatively associated with waist circumference and low-density
lipoprotein cholesterol but was not associated with SBP [15]. Thus, the associations noted
in female dietetic students were different from those in adolescents. A systematic review of
diet quality indices developed for other countries showed associations with a reduced risk
of cardiovascular disease and its risk factors [2]. Diet quality indices based on the JFGST
were related to low all-cause and cerebrovascular disease mortality [10,11]. In adolescents,
diet quality adherence to the JFGST may imply an association with low cardiometabolic
risks. In particular, the MOD2 scoring without the upper limits for five dishes is a suitable
index for high intake of dietary fiber, minerals, vitamins, fish, vegetables, fruits, and milk.

The higher the participants’ MOD2 score points without upper limits for the five
dishes, the higher their sodium intake, whereas using other scoring methods, the lower the
sodium intake. Similar to other food frequency questionnaires, the BDHQ is vulnerable
to measurement errors and is weak in estimating nutrients from foods that have not been
investigated. Although sodium intake estimated from the BDHQ was barely associated
with urinary sodium excretion as an intake biomarker, the sodium-to-potassium ratio from
the BDHQ was significantly associated with the urinary ratio [30]. Furthermore, the sodium-
to-potassium ratio was more closely associated with blood pressure than sodium intake
in previous studies in youths [37,38]. In this study, the range of the sodium-to-potassium
ratio across quintile categories was the widest in the scoring without upper limits for the
five dishes. Thus, the association between the scoring without upper limits for five dishes
and SBP, as well as the MS score, may be attributed to the sodium-to-potassium ratio.

Among the tentative dietary goals of preventing life-style related diseases, tentative
dietary goals for sodium, saturated fatty acids, and a balance of energy-providing nutrients
have upper limits of intake. Trends of saturated fatty acids across the quintile categories
were similar among the three types of scorings, but the ORG and MOD1 score showed
higher saturated fatty acids in the lowest categories than the MOD2 score did; this may
reflect that the participants with intake above the optimum had low score points due to up-
per limits. However, the ORG and MOD1 scores did not show significant associations with
cardiometabolic risk factors except for plasma glucose. The intake of two energy-providing
nutrients (carbohydrates and protein) corresponds to servings of grain and fish and meat
dishes in the JFGST. Two of the three energy-providing nutrients (fat being the third) can
determine the nutritional balance. The tentative dietary goals for the energy-providing
nutrients for the prevention of lifestyle-related diseases are 13–20% for protein, 20–30% for
fat, and 50–65% for carbohydrate according to the Dietary Reference Intakes for Japanese,
2020 [22]. Fat intake in the lowest categories of the three scores was above the tentative
goals, but fat intake across the quintile categories was similar among the three scorings. The
apparent difference in the trends across the quintile categories among the three scores was
protein, although total protein is not considered a pivotal determinant of the nutritional
balance for the tentative dietary goals to prevent lifestyle-related diseases [22]. Thus, nutri-
ents other than those providing energy may determine the association between the score
and cardiometabolic risks. A rice grain dish is the main staple of the Japanese diet [8,39],
but this may not be a main source of health benefits.

The ORG scores with upper limits for vegetable dishes and fruits, and the MOD1 scores
without upper limits had similar points for these food groups and dietary nutrient patterns.
This means that the proportion of participants with vegetable and fruit intake above the
upper limits was low; thus, this population could not ascertain the beneficial effects of
vegetable and fruit intake in the JFGST scoring. The Health Japan 21 (the second term)
program recommends a mean daily intake of vegetables ≥350 g, which represents a notable
increase from 282 g in 2010. In addition, it aims to reduce the proportion of individuals
who consume fruits <100 g from 61.4% in 2010 to 30% [22]. The MOD2 scoring, which
showed large differences of vegetables and fruits between the lowest and highest scores,
was negatively associated with metabolic risks. The MOD2 scoring results suggest limited
evidence to support an intervention to increase adolescents’ consumption of vegetables
and fruits from their current intake. However, rather than focusing on a single food group,
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such as vegetables and fruits, consuming a healthy balance of food should be considered
for Japanese adolescents.

Similar to previous dietary indices associated with cardiovascular diseases rather
than cancers [1,2], the JFGST was associated with cardiometabolic risk factors. The JFGST
was developed in consideration of the concept of Japanese culture. Japanese terms for
dishes are derived from ichiju-sansai, a common formula of Japanese cuisine, Washoku.
Grain dishes, shushoku, are the main staples; fish and meat dishes, shusai, are the main
dishes; and vegetable dishes, fukusai, are the side dishes [40]. The concept of Japanese
dishes is disseminated through homemaking classes and nutrition education at school.
The JFGST is a food-based index unlike most of other existing dietary indices [41]. The
Healthy Eating Index, the Diet Quality Index, and the Mediterranean Diet Quality Score
use foods and nutrients together as scoring items [3–5]. The Mediterranean Diet Quality
Index for children and adolescents uses food intake and dietary habits, but this scoring may
be influenced by culture [6]. When using the JFGST as a health promotion and education
tool, adolescents can easily understand their suitable dish servings. For effective nutrition
education, the dietary index should be suited to the background of the target population.

In contrast to the scoring items, the JFGST scoring uses a combination of nutrient and
food intake; the servings of grain dishes, fish and meat dishes, and milk were calculated
from nutrient amount, but the servings of vegetable dishes and fruits were from the food
amount. It is unknown whether servings that adolescents have in mind coincide with
those of the JFGST scoring. Dietary indices have three objectives: to measure absolute diet
quality, to evaluate adherence to dietary guidelines, and to guide health promotion [41].
According to the third objective, Japanese youths should be educated on favorable dietary
habits to ensure longevity and low mortality. Practical use of existing dietary indices for
health promotion should be addressed [1,2], and the JFGST should be adopted for nutrition
education interventions.

This study had some limitations. The cross-sectional design of this study could not
explain temporal causality between the scores and cardiometabolic risk factors, but the
participants might not have known their own cardiovascular parameter levels before
answering the BDHQ15y. The design could also not explore the effect on risks appearing
in later life, such as cardiovascular mortality, cancer incidence, frailty, and dementia
related to healthy life expectancy. Social norms regarding a healthy diet may contribute
to a reporting bias, but this may attenuate observable associations. The BDHQ15y has
weaknesses, similar to other frequent food questionnaires. Intrinsic measurement errors
and biases of the BDHQ15y may attenuate or mask the true associations between the score
and cardiovascular risk. Nevertheless, the associations found in this study could help
adolescents whose diets are assessed using the BDHQ15y to review and modify their own
dietary habits with the JFGST score. Another limitation is that the study location was
limited to a small part of Japan, meaning that the data collection could not capture all
Japanese dietary patterns.

5. Conclusions

We showed for the first time that Japanese adolescents adherent to the JFGST had
low cardiovascular risk. However, only the modified JFGST scoring system with no upper
limits for five food groups (grain dishes, fish and meat dishes, vegetable dishes, milk, and
fruits) was beneficial in alleviating cardiovascular risks; this indicates that adolescents
should not fall below the lower limits for intake of the abovementioned five food groups.
The JFGST can be used for adolescent health education.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu14010043/s1, Table S1: Food groups in the Japanese Food Guide Spinning Top and their
optimal ranges, Figure S1: Histogram and scores for grain and vegetable dishes, Figure S2: Histogram
and scores for fish and meat dishes and milk, Figure S3: Histogram and scores for fruits, and sugar
and confectionaries.
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Abstract: The diet quality of rural Australians is under researched. Characterising disparities in diet
quality between rural and urban populations may inform targeted interventions in at- risk groups. A
cross-sectional study aimed to determine the relationship between diet quality, rurality and sociode-
mographic characteristics in a sample of Australian adults. Participants were recruited at rural and
regional events between 2017 and 2020, in New South Wales, Australia. Diet quality was measured
using the Healthy Eating Quiz or Australian Eating Survey to generate an Australian Recommended
Food Score (ARFS). ARFS was compared by rurality and sociodemographic characteristics using mul-
tivariate regression. Participants (n = 247; 53% female) had a mean ± SD ARFS of 34.5 ± 9.0. There
was no significant effect of rurality on ARFS (β-coefficient = −0.4; 95%CI −3.0, 2.3). Compared to par-
ticipants aged 18–30 years, higher ARFS was evident for those aged 31–50 (β = 5.4; 95%CI 0.3, 10.4),
51–70 (β = 4.4; 95%CI 0.3, 8.5) and >71 years (β = 6.5; 95% CI 1.6–11.4). Compared to those living
alone, participants living with a partner (β = 5.2; 95%CI 2.0, 8.4) and families with children (β = 5.6;
95%CI 1.4, 9.8) had significantly higher ARFS. ARFS was significantly lower with each additional
self-reported chronic health condition (β = −1.4; 95%CI −2.3, −0.4). Our results indicate that diet
quality as defined by the ARFS was classified as ‘getting there’ and that age, living arrangements and
chronic health conditions, but not rurality, influenced diet quality in a sample of Australian adults.

Keywords: Australian dietary guidelines; Australian recommended food score; diet quality; diet
variety; rural

1. Introduction

Chronic diseases such as heart disease, stroke and type 2 diabetes are currently
the leading cause of mortality and morbidity worldwide and have been described as the
greatest public health challenge of the 21st century [1]. In 2018, 38% of the burden of disease
in Australia was attributed to modifiable risk factors, with dietary risk factors directly
accounting for 5.4% of the total burden of disease [2]. Worldwide, specific dietary risk
factors for the development of diet-related disease have been identified as low consumption
of fruits, vegetables and wholegrains, together with rising consumption of sodium and
saturated fats [3–8].

In 2018, approximately 29% of the Australian population lived in rural or remote
locations [9]. People living in rural and remote locations have shorter lives and expe-
rience disproportionately higher levels of chronic diet-related disease such as coronary
heart disease, stroke, chronic kidney disease and type 2 diabetes when compared to their
metropolitan counterparts [9–12]. Rural Australians experience many sociodemographic
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precursors to poor diet quality such as low education, low income and high unemploy-
ment [11,13]. Other factors that influence health outcomes in rural settings are location
specific, including reduced access to health services combined with lower health literacy,
and the relatively higher cost of, and poorer access to, fresh foods [14–17].

Evidence has demonstrated that components of food work synergistically, influencing
the risk of developing chronic diseases [18,19]. As a consequence, nutrition research has
moved away from the traditional approach of investigating single nutrient or specific foods
when investigating diet and its relationship to disease towards analysing the patterns in
which foods are consumed in a whole-of-diet context [18,20,21]. Dietary patterns research
describes the consumption of nutrients, foods and food groups as well as examining the
variation, diversity, frequency and quality of foods in the diet [20]. Recent definitions of diet
quality incorporate the concepts of diversity, adequacy, proportionality and moderation,
with the primary objective being a balance between each [21–23]. These concepts have
informed the Australian Dietary Guidelines (ADG) and accompanying resources such as
the Australian Guide to Healthy Eating (AGHE). The ADG identifies an evidence-based,
optimal dietary pattern and presents the types and amounts of foods that Australians are
recommended to eat for health and wellbeing. It consists of five core food groups represent-
ing similar nutrients within each, and advocates that a variety of foods should be consumed
from the five food groups each day. One measure of diet quality is compliance with the
ADG, which has been shown to reduce risk factors associated with the development of
chronic diseases such as cardiovascular disease, obesity and hypertension [21,24,25].

Diet quality can be measured using two approaches: data-driven posteriori methods
or a priori methods such as dietary quality indices (DQI) [8,21,26]. Higher DQI scores
reflect closer adherence to dietary guidelines and therefore higher diet quality. In Australia,
Indigenous Australians, those living with disabilities, the unemployed, single-parent
households and people living in rural and remote communities have been identified as
particularly vulnerable to poor diet quality and therefore at increased risk of chronic
diet-related disease [9]. Investigations into diet quality of rural and remote Australians
remains under prioritised [12]. For example, between 2000 and 2014, 184 (1.1%) of the
total 16,651 National Health and Medical Research Council (NHMRC)-funded projects
were defined as relating to Australian rural health research [12]. This, together with
methodological challenges, has led to the under representation of these populations in
dietary research, and has meant that the full breadth and interaction between determinants
affecting dietary status have yet to be fully characterised [11,12].

Despite the under representation of rural and remote-dwelling adults, Australian
national survey data identified a trend consistent across rural areas, with only 1 in 10 in-
dividuals meeting the ADG recommendations for fruits and vegetables [11], a further
indication of the need for research and intervention. In order to prioritise this population in
public health policy, studies investigating the sociodemographic and dietary characteristics
of this population are urgently required. Therefore, the aim of this study is to determine
the relationship between diet quality, rurality and sociodemographic characteristics in a
sample of Australian adults recruited from rural and regional events.

2. Materials and Methods

The ‘Changing Health Actions at Rural and reGional Events in 20 minutes’ (CHAaRGE:20)
project was conducted to determine the health status of participants attending rural and
regional events using opportunistic face-to-face engagement in health-related activities.
Ethics approval was obtained from the University of Newcastle Human Research Ethics
Committee (H2017-10979).

2.1. Participants and Recruitment

Between 2017 and 2020, participants were recruited from Tamworth Country Music
Festival (TCMF) (Tamworth, NSW, Australia) and AgQuip Field Day (AgQuip) (Gunnedah,
NSW, Australia). These events were selected due to a high proportion of attendees being
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from rural locations. Participants were eligible for participation if they were over the age
of 18 years and were not under the influence of drugs or alcohol. They were required
to have proficient use of English and basic literacy level. Recruitment was achieved
through convenience sampling methods such as volunteers handing out flyers, banner
advertisements, media and word of mouth. Interested participants were provided a verbal
and written summary outlining the project aims, specific measures being collected and
participant-required tasks. Participants were offered individualised feedback about their
health assessment results from a qualified dietitian. Written consent was obtained for
all participants.

2.2. Measures

Participants answered survey questions relating to demographics and self-reported
health conditions. Anthropometric measures were taken by trained researchers or student
volunteers. The Healthy Eating Quiz (HEQ) [27] was completed on a tablet or laptop either
before or after anthropometric measures to optimise waiting time in 2017. Given the time
burden for answering the HEQ, this option was changed to the voluntary completion of
the Australian Eating Survey (AES) [28] in January 2018. This survey was disseminated via
email and completed in participants’ own time, following the event. Study data were stored
using REDCap electronic data capture, hosted at Hunter Medical Research Institute [29,30].
AES was collected by SurveyMonkey for the TCMF in 2018, prior to being collected by
REDCap for AgQuip in 2018.

2.3. Dietary Assessment

The Australian Recommended Food Score (ARFS) is a validated dietary index mod-
elled on diet variety from within and between food groups, as described in the Australian
Dietary Guidelines (ADG) [28,31–33]. The ADG has five core food groups, which are
organised according to their similar nutrient profiles. The HEQ consists of a validated
subset of 70 questions from which the ARFS is derived [28,33]. Eight subscales within the
HEQ reflect the core food groups of the ADG. The subscales are composed of 20 questions
dedicated to vegetables, 12 to fruit, 7 to meat, 6 to plant-based protein foods, 12 to breads
and cereals, 10 to dairy foods and 1 to water [33]. Calculation of relevant points from each
subscale provided a total ARFS score (range 0–73) and subscale scores for diet variety. An
ARFS score can be categorised into four groups: ‘needs work’ (<33), ‘getting there’ (33–38),
‘excellent’ (39–46) or ’outstanding’ (47+). However, very high ARFS may indicate energy
intake that is excessive to need. The ARFS has been demonstrated to be a reliable and
valid measure of diet quality [28,32]. The higher the score on the ARFS, the greater the
variety of nutrient-dense foods consumed and therefore the greater the diet quality [34].
The ARFS is also able to be derived from the Australian Eating Survey (AES), a more
comprehensive food frequency questionnaire, which is inclusive of other foods, including
discretionary foods [32].

2.4. Anthropometric Characteristics

Height and weight were measured using a Biospace BSM370 Automatic BMI Scale
Stadiometer. Where multiple height and weight values were present, they were summed
and divided for an average to enhance accuracy. BMI was calculated from measure-
ments of participants’ height and weight (weight (kg)/height (m2), then categorised
into “normal weight” (18.5–24.99 kg/m2), “overweight” (25.0–29.99 kg/m2) and “obese”
(Obese I: 30.0 to 34.99 kg/m2, Obese II: 35.0 to 39.99 kg/m2, Obese III: 40.0 kg/m2), as
defined by the World Health Organisation [35].

2.5. Sociodemographic Characteristics

Participants self-reported living circumstances, household income, highest level of
education completed, smoking status and diagnosed chronic health conditions. Participants
reported having diagnosed chronic health conditions by answering the question: “Have
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you EVER been told by a doctor or health professional that you have any of these conditions?
Tick any that apply”. Respondents selected any appropriate chronic condition from a list
of predefined conditions that have been associated in the literature to be prevalent in
rural populations [9,11]. The variables of age education, household income and living
arrangements were collapsed due to low cell counts for data analysis. Age categories
were reduced from sixteen levels (18–25; 26–30; 31–35; 36–40; 41–45; 46–50; 51–55; 56–60;
61–65; 66–70; 71–75; 75–80; 81–85; older than 85; under 18 years; don’t wish to answer)
to four (18–30; 31–50; 51–70; >71). Education categories were reduced from eight levels
(less than year 10, Year 10 or 11, Year 12; Trade or Vocation; University or graduate
degree; Postgraduate degree or higher; None of the above; I don’t wish to answer) to
four (Year 12 and less; Certificate or Diploma; University). Household income categories
were reduced from fourteen levels (No in-come; Pension; AUD 1–6293; AUD 6240–15,999;
AUD 16,000–25,999; AUD 26,000–36,399; AUD 36,400–51,999; AUD 52,000–77,999; AUD
78,000–103,999; AUD 104,000–129,999; AUD 130,000–155,000; >AUD 156,000; I do not know;
I do not wish to answer) to six (No income; Pension; AUD 1–51,999; AUD 52,000–103,000;
>AUD 104,000; I don’t know). Living arrangements categories was collapsed from seven
levels (living alone; partner/spouse; own children; someone else’s children; parents; other
adults; I don’t wish to answer) to four (living alone; partner/spouse only; single/partnered
with children; parents and other).

Self-reported chronic health conditions for each individual were summed and used
to calculate the average number of chronic health conditions for the sample. Individual
conditions with related aetiology were listed together to form an overarching condition
classification. Circulatory conditions incorporated cardiovascular disease (CVD), heart
disease (HD), high blood pressure (HTN) and high blood cholesterol. Chronic mental
health included anxiety, depression, schizophrenia and any other diagnosed mental health
condition. Musculoskeletal conditions included back problems, osteoporosis and rheuma-
toid arthritis and any other related diagnosed conditions. Respiratory conditions included
asthma, chronic obstructive pulmonary disease COPD and any other diagnosed lung-
related condition. Rurality was calculated according to ARIA+ scores [36] using post codes
into major cities, inner regional, outer regional, remote and very remote categories. These
categories were then collapsed into major cities and regional and remote. ARIA+ was used
as it is a recognised standard measure of rurality. It was selected over other measures due
to its sensitivity and is considered to be the most stable measure over time as it is based
on road distance travelled for locality to service centres rather than factors of population
density [36,37]. The use of ARIA+ allows for the capacity to conduct comparisons between
population-based Australian Bureau of Statistics survey results and present and future
variations in this study.

2.6. Statistical Analysis

Statistical analysis was conducted using IBM SPSS Statistics for Windows, version 26.0
(IBM Corp. Armonk, NY, USA). Power calculations were conducted [38]. A true detectable
difference of 3.48 in ARFS can be found in a sample of 246 participants, based on a standard
deviation of 9.7 [33], an alpha value of 0.5 and a beta of 0.8, and 1:1 ratio in each group. The
demographic characteristics of the included sample were compared to those excluded from
analysis to determine whether those providing dietary data were reflective of the whole
cohort, using Chi Square tests. Continuous data were tested for normal distribution by
visual methods of a histogram, quantile-quantile plot (QQ-plot) and formally tested using
Shapiro–Wilk. Any variables that had p values greater than p = 0.05 in the Shapiro–Wilk
test were reported as median and interquartile range. Data that were normally distributed
were reported as means and standard deviations. Univariate tests assessed the differences
in mean ARFS scores according to levels within sociodemographic variables. For the
multivariate regression, respondents nominating survey answers “I don’t know” or “I don’t
wish to answer” for variables with this option were coded as missing. Assumptions of
linearity, homoscedasticity and independence were tested visually by means of scatter
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plots and box plots. Two outliers were identified; however, they were retained, as both
outlier ARFS were within a justifiable range, and sensitivity tests indicated no change in
univariate and multivariate linear regression models. All variables included in the analysis
satisfied the assumption of equal variance, demonstrating properties of homogeneity. The
significance level for inclusion of those variables investigated in univariate regression in
the further multivariate linear regression model was set to p ≤ 0.20. Rurality was included
in the regression (regardless of p value) due to the relationship with the research question
and strong links in the literature to diet variety [10,16,39–41].

3. Results

In this study, 638 participants were surveyed between 2018 and 2020. Of these,
391 participants had missing total and/or subscale ARFS and were therefore excluded. Par-
ticipants who provided complete dietary data allowing a total ARFS to be calculated were
significantly more likely to be female, with an income of up to AUD 51,000, aged between
51 and 70 years of age and have an education level of year 12 or under. Sociodemographic
characteristics of the study sample are reported in Table 1. Within the total sample, the ma-
jority were female (52.6%) and lived in regional and remote locations (77.9%), with a large
proportion classified as overweight (39.6%). The largest proportion of study participants
had an education level of year 12 and under (45.7%), and 30.4% of participants reported
income between AUD 1–51,999. Most (52.0%) lived with a spouse/partner only, while
17.5% lived with a partner/spouse and children. Of the total sample, 29.1% had previously
smoked.

Table 1. Total number and percentage for sociodemographic characteristics in a sample of
Australian adults.

Male Female Total

n = 117 n = 130 n = 247

Characteristics Levels n (100%) n (100%) n (100%)

Age (years) 18–30 20 (17.1%) 24 (18.5%) 44 (17.8%)
31–50 16 (13.7%) 24 (18.5%) 40 (16.2%)
51–70 57 (48.7%) 68 (52.3%) 125 (50.6%)
>71 24 (20.5%) 14 (10.8%) 38 (15.4%)

Rurality Major cities 27 (23.1%) 30 (23.1%) 57 (23.1%)
Regional/remote 90 (76.9%) 100 (76.9%) 190 (77.9%)

Education ≤Year 12 53 1 (45.7%) 1 59 2 (45.7%) 2 112 3 (45.7%) 3

Cert a/Dip b 30 1 (25.9%) 1 35 2 (27.1%) 2 65 3 (26.5%) 3

University 33 1 (28.4%) 1 35 2 (27.1%) 2 68 3 (27.8%) 3

HH c inc d (pa) e No income 9 (7.7%) 7 (5.4%) 16 (6.5%)
Pension 5 (4.3%) 5 (3.8%) 10 (4.0%)

AUD 1–51,999 32 (27.4%) 43 (33.1%) 75 (30.4%)
AUD

52,000–103,999 28 (23.9%) 27 (20.8%) 55 (22.3%)

AUD > 104,000 22 (18.8%) 17 (13.1%) 39 (15.8%)
Do not know f 21 (17.9%) 31 (23.8%) 52 (21.1%)

Living arrgmt g Live alone 15 (12.8%) 23 4 (17.8%) 4 38 5 (15.4%) 5

PR h/Spouse only 69 (59.0%) 59 4 (45.7%) 4 128 5 (52.0%) 5

Single/PR h (CH i) 18 (15.4%) 254 (19.4%) 4 43 5 (17.5%) 5

Parent/other 15 (12.8%) 224 (17.1%) 4 37 5 (15.0%) 5

Smoking status Yes 44 (37.6%) 28 (21.5%) 72 (29.1%)
No 73 (62.4%) 102 (78.5%) 175 (70.9%)

a Cert = certificate. b Dip = diploma. c HH = household. d inc = income. e pa = per annum. f Combined with do
not wish to answer. g arrgmt = arrangements. h PR = partner/partnered. i CH = children. 1 Education n = 116
males. 2 Education n = 129 females. 3 Total n = 245 for education. 4 Living arrangements n = 129 females. 5 Total
n = 246 for living arrangements.

Diagnosed chronic health conditions by gender are reported in Table 2. The most
prevalent chronic health conditions were circulatory conditions (27.7%), musculoskeletal
conditions (23.7%) and overweight and obesity (21.2%) overall. For males, the most preva-
lent conditions were circulatory conditions (26.0%), overweight and obesity (21.7%) and
musculoskeletal conditions (22.6%). The data highlight that more than a quarter of women
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in this sample had circulatory conditions (27.6%), musculoskeletal conditions (24.6%), were
overweight or obese (20.8%) or had chronic mental health conditions (18.5%), which was
higher compared to males. The average number of summed chronic health conditions for
the total sample was 1.2 (±1.2), which was similar for both males and females.

Table 2. Descriptive statistics of anthropometric characteristics, chronic health conditions and
categories of BMI in the study sample of Australian adults.

Female Male Total

n = 130 n = 117 n = 247

Characteristics Median (IQR) Median (IQR) Median (IQR) *

Height (cm) 163 * (6.5) * 176.8 * (6.6) * 169.5 * (9.5) *
Weight (kg) 70.2 (22.6) 88.9 (18.7) 79.7 (24.3)

Waist circumference (cm) 84.9 (19.9) 98.9 (19.3) 92.0 (22.2)

BMI (kg/m2) n (100%) n (100%) n (100%)

Normal 22 1 (18.8%) 1 50 (39.1%) 72 2 (29.4%) 2

Overweight 56 1 (47.9%) 1 41 (32.0%) 97 2 (39.6%) 2

Obese 39 1 (33.3%) 1 37 (28.9%) 76 2 (31.0%) 2

Number and proportions of
chronic health conditions

0 43 (33.1%) 48 3 (41.7%) 3 91 4 (36.8%) 4

1 45 (34.6%) 35 3 (30.4%) 3 80 4 (32.4%) 4

2 22 (16.9%) 17 3 (14.8%) 3 39 4 (15.8%) 4

3 14 (10.8%) 5 3 5(4.3%) 3 19 4 (7.7%) 4

4 4 (3.1%) 9 3 9(7.7%) 3 13 4 (5.3%) 4

5 2 (1.5%) 1 3 1(0.9%)3 3 4 (1.2%) 4

Individual diagnosed
Chronic health conditions

Circulatory conditions 36 (27.6%) 31 5 (26.0%) 5 67 6 (27.3%) 6

Chronic kidney or
renal disease 1 (0.8%) 2 5 (1.7%) 5 3 6 (1.2%) 6

Diabetes (type 1, type 2
or gestational) 9 (6.9%) 8 5 (7.0%) 5 17 6 (6.9%) 6

Overweight or obesity 27 (20.8%) 25 5 (21.7%) 5 52 6 (21.2%) 6

Cancer (any) 6 (4.6%) 10 5 (8.7%) 5 16 6 (6.5%) 6

Chronic mental health
conditions a 24 (18.5%) 10 5 (8.7%) 5 34 6 (13.9%) 6

Musculoskeletal
conditions b 32 (24.6%) 26 5 (22.6%) 5 58 6 (23.7%) 6

Respiratory conditions c 22 (16.9%) 14 5 (12.2%) 5 36 6 (14.7%) 6

None of the above 49 (33.1%) 43 5 (42.6%) 5 92 6 (37.6%) 6

a Including: anxiety, depression, schizophrenia or other mental chronic health condition. b Including: back
problems, osteoarthritis, rheumatoid arthritis. c Including: asthma, COPD or any other lung condition. * Mean
and standard deviation are reported for height. 1 BMI n = 128 for females. 2 Total n = 245 for BMI. 3 Number
and proportion of chronic conditions n = 115 for males. 4 Number and proportion of chronic conditions n = 245.
5 Individual diagnosed chronic health conditions n = 115 for males. 6 Individual diagnosed chronic health
conditions n = 245.

Total ARFS and ARFS subscales are reported in Table 3. Overall, the mean total ARFS
was classified as “getting there” (34.5%) (Table 3). Females reported higher (35.5) mean
total ARFS compared to males (33.4) (Table 3). When compared to males, females reported
higher ARFS in subscale categories of vegetables (13.9), fruit (5.7), meat alternatives (2.3),
grains (5.1), dairy (4.1) and water (0.7) (Table 3). Males reported higher subscale ARFS for
the categories of meat (3.2) and extras (0.9) (Table 3). The ARFS for the total sample, as
well as by gender in all subscale categories, except for vegetables, extras and water, was
reported as being below half of their associated maximum score (Table 3).
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Table 3. Total Australian Recommended Food Score (ARFS), subscales, reference ranges, mean and
standard deviation for a sample Australian adults categorised by gender.

TOTAL Male Female

ARFS Subscales Reference Range
Mean (SD) Mean (SD) Mean (SD)

(n = 247) (n = 117) (n = 130)

Total 0–73 34.5 (9.0) 33.4 (8.9) 35.5 (9.2)
Vegetables 0–21 13.5 (4.2) 13 (4.2) 13.9 (4.1)

Fruit 0–12 5.5 (2.7) 5.3 (2.7) 5.7 (2.7)
Meat 0–7 3.1 (1.5) 3.2 (1.5) 3.0 (1.4)

Meat alternatives 0–6 2.2 (1.3) 2.0 (1.2) 2.3 (1.3)
Grains 0–13 5.0 (2.2) 4.9 (2.2) 5.1 (2.1)
Dairy 0–11 3.9 (1.8) 3.7 (1.7) 4.1 (1.9)
Extras 0–1 0.8 (0.8) 0.9 (0.8) 0.8 (0.7)
Water 0–2 0.6 (0.5) 0.6 (0.5) 0.7 (0.5)

Results of the multivariate linear regression for the effect of sociodemographic cat-
egories on total ARFS are reported in Table 4. Age, living arrangements and number of
health conditions were retained for multiple regression analysis due to p < 0.20. No effect
of rurality on ARFS was found in the multivariate analysis. Significant differences in total
ARFS for all levels of age were found when compared to the reference group of 18–30 years
old. The largest difference was detected for the 31–50 and 71 > age groups with a difference
in ARFS of 5.4; p = 0.037 and 6.5; p = 0.010, respectively. Mean differences in ARFS were
detected between all levels of living arrangements, demonstrating increased total ARFS for
all levels when compared to the reference group living alone (Table 4). For every additional
diagnosed health condition, the ARFS was reduced by −1.4; p = 0.004. The final model had
an adjusted R square of 0.077, p < 0.001.

Table 4. Multivariate linear regression demonstrating the association between socio demographic
variables and total ARFS.

Multivariate (R2 0.077, p ≤ 0.001)

Characteristics Levels
β

Coefficient
SE a 95% CI b p

Rurality Major cities (n = 57) Reference
Category - -

Regional/remote (n = 190) −0.4 1.4 (−3.0, 2.3) 0.790

Age (years) 18–30 (n = 44) Reference
Category - -

31–50 (n = 40) 5.4 2.6 (0.3, 10.4) 0.037 *
51–70 (n = 125) 4.4 2.1 (0.3, 8.5) 0.035 *

71 > (n = 38) 6.5 2.5 (1.6, 11.4) 0.010 *

Living arrgmt c Alone (n = 38) Reference
Category - -

PR d/Spouse only (n = 128) 5.2 1.6 (2.0, 8.4) <0.002 *
Single/PR d (CH) e (n = 43) 5.6 2.1 (1.4, 9.8) 0.008 *

Parents/other (n = 37) 5.8 2.4 (1.1, 10.5) 0.016 *
Number of chronic
health conditions Continuous variable (n = 245) −1.4 0.5 (−2.3, −0.4) 0.004 *

a SE = standard Error. b CI = confidence interval. c arrgmt = arrangements. d PR = partner/partnered.
e CH = children. * = significance < p 0.20.

4. Discussion

This study investigated the relationship between sociodemographic characteristics
and diet quality using the Australian Recommended Food Score (ARFS) in a sample
of rural and urban Australian adults. The average ARFS was categorised as “getting
there”, indicating a need to improve diet quality. Rurality had no significant effect on diet
quality in this sample. Analysis of other sociodemographic characteristics showed living
arrangements and the number of diagnosed chronic health conditions had the strongest
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associations with diet quality, where living alone and having multiple chronic health
conditions were associated with poorer diet quality. Our study examined many of the same
sociodemographic characteristics as previous studies [28,33,39,41–49] and observed similar
findings showing a lack of relationship between diet quality, gender, socioeconomic status
and education.

The literature has shown that adherence to the ADG within the Australian population
is poor, resulting in low diet quality [45,50,51]. The mean diet quality score in our study
(34.5 ± 9.0) was comparable with another study of Australian adults which found a mean
total diet score of 34.1 using the ARFS from the HEQ [33]. Further, two Australian studies
also with adult samples using the ARFS from the AES found a mean diet quality score of
33 ± 8.8 [32] and median score of 36 [28]. In this study, the diet quality score of “getting
there” was driven by low individual scores for all the ARFS subscales. This finding is
consistent with both national and international studies across a variety of diet quality
indices, which show that low diet quality is driven by low scores across most, if not all,
food groups [33,40–45,48,52,53].

While our study did not demonstrate a relationship between diet quality in rural and
urban dwelling adults, this may be due to the limited sample size of our study. However,
some literature has demonstrated that rural populations experience many of the sociode-
mographic precursors to poor diet quality such as low income, low education attainment
and limited access to fresh foods, which could negatively affect diet quality [11,16,54].
Importantly, two recent systematic reviews highlight the scarcity of studies surrounding
rural populations [6,55], limiting comparisons to our data. In a sample of older Australian
adults using the DGI-2013 (score range 0–130), one study found that men but not women
from rural areas had significantly lower total diet quality scores (80.1) compared to their
urban counterparts (83.0). The authors concluded that rural-related disadvantage was
the mediator of poor diet quality scores [41]. A second study in women of reproductive
age found no difference between total diet quality scores between urban (84.8) and rural
(83.9) women using the DGI. Unlike the present study, it found that rural women had a
significantly higher component score for meat and meat alternatives [55]. The inconsistent
effect of rurality on diet quality indicates that differences in diet quality may be driven by
differences in rural food environments in different regions and, therefore, that multi-site
trials comparing multiple rural populations should be a consideration for future research.

There are only a few Australian studies investigating living arrangements as a sociode-
mographic variable influencing diet quality, particularly in rural populations [33,56–59].
Studies investigating the effect of living arrangements of diet quality have focused pre-
dominantly on ageing populations. An international systematic review of the relationship
between living arrangements and diet found that a number of studies consistently iden-
tified that living alone led to lower fruit and vegetable intake and lower adherence to
dietary recommendations [60]. The determinants of low diet quality in those living alone
are complex. Demographic characteristics influence the likelihood of a person living alone,
including gender, socio-economic status and age, which may influence the relationship
between living alone and low diet quality [60]. Psychosocial drivers of poor diet quality
may affect those living alone, including decreased motivation and enjoyment of cook-
ing, which increases the consumption of pre-packaged processed meals that are high in
sodium, sugar and trans/saturated fats [61,62]. A lack of support for and encouragement
for maintaining adherence with dietary recommendations has also been recognised as
a difference experienced between those living alone and those living with others [63].
Similarly, one study demonstrated that those living in arrangements reflecting cohabitation
or marriage-like arrangements have a higher adherence to dietary recommendations; this
could be due to more regular and formalised shopping and eating habits [60,64,65], as well
as social facilitation [63]. An Australian study exploring sociodemographic characteristics
on diet quality in a sample of adults responding to the HEQ, incorporated a measure of
meal sharing as a possible determinant of diet quality [33]. The results support the present
study’s finding that, when controlling for age, sex and socioeconomic status, diet quality
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increases in line with the number of people whom a person shares meals with as opposed
to those who eat meals alone [33].

Given the association between diet and disease, and considering the increased preva-
lence of multimorbidity [10], it is surprising that there are so few studies, particularly in
rural populations, investigating the effect of the presence of chronic health conditions on
diet quality. In the present study, we found that, for every additional diagnosed chronic
health condition in an individual, total diet quality score decreased. Previous research
indicates that even small decreases in total diet quality scores are associated with increased
all-cause and specific-cause mortality. For example, an American study [66] found that
an increase in diet quality score up to or above the 20th percentile in their population
group over 12 years was significantly associated with a reduction in total mortality of
between 8 and 17%, as well as significantly lowering the risk of death from cardiovascu-
lar disease. In contrast, their results also suggested that decreases in diet quality over
a 12-year timeframe, when compared to no change, were associated with an increase in
total mortality between 6 and 12% [66]. Interestingly, the study suggests that an increase of
22 of the 110 available points within the Alternative Healthy Eating Index (AHEI) over a
12-year period could reduce risk of death by 20%, which could be achieved by increasing
intake of nuts and legumes from 0 to 1 serving per day and reducing red or processed meats
by 1.5 servings per day [66]. An Australian study [25] using the Total Diet Score (TDS)
(range 0–20) found that those who had diets that closely adhered to the Australian Dietary
Guidelines, as reflected by higher diet quality scores, had a 21% reduced risk of all-cause
mortality and 23% decreased risk of cardiovascular mortality. This study found that, with
every increase in the standard deviation of TDS (1 SD = 2.19 units of TDS), there was an
8% decrease in risk of all-cause mortality [25]. Further to this, another American study [67]
exploring the relationship between four disease risk factors on diet quality found that those
with one or none of the clinical risk factors had significantly higher total diet quality score
(55.7 out of a possible 100), as measured by the Healthy Eating Index-2015, when compared
with those who had all four risk factors. Those with all four risk factors had a significantly
lower diet quality score of (51.1). Australian studies have explored the relationship be-
tween health and diet in terms of specific disease outcomes, mortality and relative risk
or self-reported perception of health rather than the number of diagnosed chronic health
conditions [45,46]. Studies that have measured the effect of perceived health status on diet
quality found those who had a greater self-perceived health status demonstrated higher
total diet quality scores [45,49].

A major strength of the present study was the use of validated food frequency meth-
ods in the assessment of dietary intake, which are able to accurately capture usual dietary
intake, including temporal changes in eating patterns; as this is a limitation of the exist-
ing literature on dietary intakes in rural populations [54]. Additionally, relative to the
published literature, there was a strong representation of rural and regional participants,
demonstrating that engaging rural adults in settings where they work, live and play is
key to increasing participation rates of rural people in research activities. Previously, the
literature has identified this population as underrepresented and hard to access, and as
such, recruitment at rural and regional events should be considered as a strategy for fu-
ture research. TCMF and AgQuip provide examples of annual rural and regional events
that are important pillars of rural and regional communities. These events are hosted
at local community venues and possible to attend free of charge, which supports their
use in research aiming to sample a diverse rural and regional population. However, the
limitations of this include potentially under-representing some groups who do not attend
these events. For example, our study may have over-represented the ‘walking well’ who
are able to attend community-based health promotion activities and who have an interest
in health or nutrition, meaning that those with chronic conditions and poor diet may
have been underrepresented. Supporting this, our study found significant differences
in age, gender, income and education within the CHAaRGE:20 study sample for those
people who completed the comprehensive dietary assessment versus those who did not,
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potentially limiting the generalisability of our results. While successful in recruiting a high
proportion of rural and regional-dwelling participants, our study also demonstrates the
complexity of sampling in rural and remote communities and presents some important
considerations for future diet quality studies. Another limitation of our study is that it
was likely underpowered in detecting an effect of rurality on diet quality in this sample,
as recruiting was suspended due to the COVID-19 pandemic. Further, in our study, there
was a high prevalence (21.1%) of respondents not wishing to disclose income. This could
have produced misleading results and ignored the contribution of income in diet quality.
Further research in a larger sample size from multiple rural and remote regions would
support stratifying diet quality results according to all levels of rurality (regional, rural,
remote and very remote populations), which would enhance the sensitivity of our analyses.
Additionally, future research may consider not grouping health conditions into predefined
groups, so a more thorough exploration between diet quality and health outcomes can be
prioritised.

5. Conclusions

This present study suggested that the diet quality in our sample of rural and urban
Australian adults was classified as “getting there”, and that rurality did not influence
diet quality in this sample. It highlighted that living alone may be a primary driver of
diet quality and this sociodemographic characteristic should be investigated further in
future research. Additionally, multimorbidity was associated with reduced diet quality,
suggesting that efforts must be made to assist Australian adults living with chronic diseases
to improve their diet quality, potentially improving their health outcomes. Further studies
of diet quality that specifically represent the diverse experiences of Australians living in
rural or remote locations are required.
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Abstract: There is increasing recognition of the importance of nutrition for reproductive health,
but little is known regarding the diet quality of younger vs. older reproductive aged women, and
how their intakes relate to dietary recommendations. The purpose of the study was to examine the
diets of younger (19–35 years old) compared to older (35–50 years old) reproductive aged women,
and how they align with dietary recommendations. Women aged 19–50 years from the 2011–13
Australian National Nutrition and Physical Activity Survey were included (n = 2323). Dietary
intakes were assessed by a single 24-h dietary recall and were compared to (i) Australian Dietary
Guidelines; (ii) Acceptable Macronutrient Distribution for protein, carbohydrates, and fat; and
(iii) Dietary Guideline Index (DGI). Regression analyses comparing younger and older women
against recommendations were undertaken, with confounders determined a priori. There was no
difference between older and younger women in meeting food group recommendations, with 26%
of all women meeting recommendations for fruit, and meat and alternatives, and <20% meeting
recommendations for vegetables and alternatives, grains, and dairy. Although there was no difference
between older and younger women in total DGI score (mean (SE) 75.6 (1.7) vs. 74.5 (2.5), p > 0.05),
older women had higher component scores in limiting saturated fat, consuming low-fat milk, and
limiting adding salt during cooking. Continued health promotion for women of reproductive age
should be a key priority to improve their own health and that of future generations.

Keywords: Australia; dietary guidelines; dietary guideline index; dietary intake; nutrients; reproduc-
tive age; women; nutrition survey

1. Introduction

Over the last several decades, worldwide fertility rates have declined across all age
groups, with largest decreases occurring in women younger than 35 years, whereas those
aged 35 years and over effectively plateauing since 1995 [1]. Childbearing over 35 years of
age is increasingly common in Australia [2], with around 20% of births in women aged 35
years and over [3].

There is increasing recognition of the importance of nutrition for reproductive health [4].
Observational studies have consistently shown associations between poorer food choices
or unhealthier dietary patterns and higher risk for infertility [5–7], gestational diabetes
(reviewed in [8,9]) and preterm birth [10], but also contributing to poorer outcomes for the
offspring, including increased risk for low birth weight [11], child allergy [12], and child
adiposity [13].

Reproductive life stages include the preconception period, pregnancy and postpar-
tum. Across any of the specific stages, studies have demonstrated inadequate dietary
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quality [14–17]. However, little is known about food intake during childbearing years and
whether this differs between younger and older age groups. Data from the Australian Lon-
gitudinal Study on Women’s Health (n = 18,226) found that the majority of women (aged
31–36 years or 50–55 years), tended to consume intakes below the Australian recommended
daily servings for all food groups, except for fruit intake, among pregnant women aged
31–36 years [18]. Women aged 25 to 30 years who had given birth in the last 12 months
also reported to have greater median daily servings of breads and cereals, vegetables, dairy,
meat and extras (i.e., foods outside of the core/basic five food groups) compared to women
not trying to, or women who were recently pregnant [19]. Data from NHANES women
aged 15–65 years (n = 6894), found that irrespective of age, more than half of the women
were at risk of nutrient inadequacy, with insufficient intakes from food for vitamin D,
vitamin E, magnesium, vitamin A, calcium, and vitamin C [20]. While compliance with
dietary guidelines provides insight into dietary habits and population intakes, assessing
diet quality within populations provides a holistic assessment of food intake and nutrient
adequacy. Few studies however have reported on this in women of reproductive age. A
small study in Australian women reported no difference in total diet quality between urban
and rural women of reproductive age, aged between 18–50 years [21].

Reproductive aged women are in a critical life stage and have distinct and specific
nutritional needs. They play diverse roles including planning or transitioning during
pregnancies [22], being a role model to their children [4], and they are more likely to
prepare meals for their family [5]. Women of reproductive age contribute to the highest rise
in obesity prevalence [23], and also have increasing prevalence of other chronic disease–
related risk factors such as diabetes, high cholesterol, and asthma [24]. Yet, we have little
understanding regarding the diet quality of these women, nor how their intakes relate
to dietary recommendations. We hypothesise that older women will be more likely to
meet dietary recommendations and have better diet quality than younger women. The
aim of this study is to examine how the diets of younger and older reproductive aged
women participating in the 2011–13 Australian Health Survey compare with current food
group recommendations and with the Dietary Guideline Index (DGI), as a means to
understand overall diet quality. A secondary aim is to explore whether the younger and
older age women who have children, have different diet quality compared to women
without children.

2. Materials and Methods

2.1. Data and Study Population

Data was used from a sub-set of women participating in the 2011–13 Australian Health
Survey: the Australian National Nutrition and Physical Activity Survey (NNPAS) [25]. In
the NNPAS, a total of 14,363 private dwellings were selected in the sample (reduced to
an actual sample of 12,366 dwellings after sample loss in the field stage), in which 77.0%
were fully or adequately responding households to the first interview (n = 9519). Inclusion
criteria for the current study was females aged 19 to 50 years and currently menstruating
(n = 2323). Women were excluded if they were pregnant or breastfeeding as nutritional
requirements are generally higher for these women (n = 228) [26], or if they were current or
post-menopausal (n = 1993). Women were split into two groups: younger women aged
19 to 35 years, and women of advanced age, >35–50 years. The Census and Statistics Act,
1905 provided the Australian Bureau of Statistics with the authority to conduct NNPAS,
with all respondents providing written informed consent.

Sociodemographic variables including age, country of birth (Australia; main English-
speaking countries [Canada, Ireland, New Zealand, South Africa, UK, USA]; other), house-
hold type (person living alone; couple only; couple family with children; one parent family
with children; unrelated persons aged 15+ only, all other households), education, and an-
thropometric data (height, weight) were collected by trained interviewers. Socioeconomic
status was based on the Index of Relative Socio-Economic Disadvantage (IRSD). The IRSD
ranks Australian areas according to relative socioeconomic disadvantage, obtained from
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four indices of disadvantage including low income, low educational achievement, high
unemployment, and jobs in relatively unskilled occupations [25]. Smoking status was
defined as daily, weekly or less than weekly current smoker, ex-smoker or never smoked.
Physical activity was reported as whether individuals met the minimum recommendation
of moderate intensity of physical activity for 150 min during the last week [27]. Supple-
ment intake, and food and beverage intake data were collected using a 24-h recall, as
described below.

2.2. Dietary Intake

In the survey, 2 × 24-h dietary recalls were administered by trained and experienced
interviewers using the Automated Multiple-Pass Method (AMPM), to collect dietary infor-
mation for food, beverages, and supplements. The AMPM method is an automated ques-
tionnaire to help respondents maximise responses regarding their prior food intake [28]. A
Food Model Booklet was used to assist respondents to select the most appropriate amount
consumed for each food and beverage. For the current analysis, only dietary data from the
first day of collection was included since a single day’s intake is sufficient to estimate popu-
lation mean intake [29], and because Friday and Saturday intakes were under-represented
due to the lower number of recalls performed on Saturdays and Sundays.

2.3. Australian Dietary Recommendations

The Australian Dietary Guidelines recommend food and beverage choices from the
five core food groups and to limit discretionary choices [30]. Dietary intake of core food
groups including vegetables and legumes/beans, fruits, grains, meat and alternatives (meat
and poultry, fish, eggs, tofu, nuts and seeds and legumes/beans) and dairy in servings/day,
and discretionary nutrients such as free sugars (% daily energy intake), sodium (mg/day),
saturated fatty acids (SFA) (% daily energy intake), and alcohol (g/day) were obtained from
the 24-hr recall and examined against the Australian Guide to Healthy Eating (AGHE) [30].
The AGHE defines types and amounts of foods that adult women should consume in order
to meet dietary intakes. Macronutrient recommendations were based on the Acceptable
Macronutrient Distribution (AMDR) for protein, carbohydrates, and fat [31]. The AMDR
describes the acceptable percentage of energy from protein, carbohydrates, and fat as
15–25%, 45–65%, and 20–35% of total daily energy, respectively.

2.4. Dietary Guidelines 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 [30]. The dietary intakes gathered
from the 24-h recall and brief questionnaire were scored based on recommended dietary
components (food variety, fruit, vegetables, cereals, meat and alternatives, dairy and
alternatives, and fluid intake) and discretionary nutrients (SFA, unsaturated fat, added
salt, extra sugar, and alcohol). The DGI used in the present study was based on the
DGI-2013 [32], and adapted from a food frequency questionnaires, for use in the present
24-h recall [33]. The score of each item was calculated out of 10, such that a score of zero
indicated that the guideline was not met. Where there was age- or sex-specific dietary
recommendations provided by the ADG, cut-offs were used to acquire the maximum
score for each component. For recommended dietary components, scores were calculated
proportionally to the maximum scoring criteria. Scoring of discretionary foods, saturated
and unsaturated fat, salt, sugar, and alcohol was either 0 or 10. The DGI scores ranged
from 0 to 130 with a higher score indicating better diet quality.

2.5. Statistical Analyses

Throughout the analysis of this study (for both descriptive and inferential statistics)
Survey weightings that were calibrated against population benchmarks (i.e., age, sex
and area of usual residence) were used to account for the complex survey design [25,34].
Both base weight and 60 replicate weights have been incorporated into all estimations.
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Population characteristics and dietary intakes were reported as n (%), mean (standard error,
SE), and median (interquartile range, IQR). Binary and ordinal logistic regressions were
used to determine the likelihood of meeting dietary recommendations between the younger
and older age groups, both in unadjusted and adjusted models. A directed acyclic graph
was used to determine covariates in the adjusted analyses, which included BMI, country
of birth, household type, level of education (postgraduate degree/diploma/certificate,
graduate degree, certificate, or school qualification or lower), SEIFA, smoking status,
alcohol (except when it was the outcome), physical activity and supplements use. Adjusted
linear regression was performed to assess the mean difference between age groups for
total and sub-component DGI score outcomes. Separate unadjusted and adjusted binary
and ordinal logistic models were undertaken for the interaction between age categories
(binary) and child in household (yes/no) to examine relationships with the meeting of
dietary recommendations. Similar interactions were included in adjusted linear models
with total and sub-component DGI score outcomes. All data were analysed using the
statistical software SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Participant Characteristics

Table 1 shows the demographic characteristics of the 2323 reproductive age women
participating in the Australian Health Survey, Nutrition and Physical Activity, 2011–13.
The mean (SE) age of the women was 33.9 (1.2) years and majority (71.1%) were born in
Australia. Half of the women (49.1%) were aged 19 to 35 years with a mean (SE) age and
BMI of 26.7 (0.8) years and 25.2 (0.8) kg/m2, respectively. The mean (SE) age and BMI of
the older women (35 to 50 y) was 42.6 (0.5) years and 27.2 (0.7) kg/m2, respectively. A
higher percentage of the older women tended to have overweight or obesity, and reported
to live as a couple with children (Table 1).

Table 1. Characteristics of reproductive age women participating in the Australian Health Survey, Nutrition and Physical
Activity, 2011–12.

Characteristics Frequency (%) or Mean (SE)

Total Population,
n = 2323

19–35 Years,
n = 1141

35–50 Years,
n = 1182

Age (year) 33.9 (1.2) 1 26.7 (0.8) 1 42.6 (0.5) 1

n = 1988 n = 1017 n = 971
BMI (kg/m2) 26.1 (0.4) 1 25.2 (0.8) 1 27.2 (0.7) 1

Underweight 51 (3.1) 42 (4.6) 9 (1.3)
Normal weight 946 (50.5) 522 (55.9) 424 (43.5)

Overweight 508 (24.2) 231 (20.5) 277 (28.9)
Obesity 483 (22.2) 222 (19.0) 261 (26.4)

Australia 1706 (71.1) 860 (73.5) 846 (68.3)
Country of birth Main English-speaking countries 2 224 (10.4) 93 (8.2) 131 (13.0)

Other 393 (18.5) 188 (18.3) 205 (18.7)

Person living alone 323 (7.2) 139 (6.1) 184 (8.6)
Couple only 338 (13.6) 221 (17.4) 117 (9.0)

Household type Couple family with children 965 (51.4) 397 (43.9) 568 (60.5)
One parent family with children 445 (12.8) 199 (12.3) 246 (13.4)

All other households 3 252 (14.9) 185 (20.3) 67 (8.5)

n = 2300 n = 1132 n = 1168
Postgraduate degree (Diploma/Certificate) 233 (9.2) 86 (7.3) 147 (11.4)

Level of education Graduate degree 831 (36.5) 412 (36.1) 419 (36.9)
Certificate 510 (24.0) 285 (27.8) 225 (19.4)

School qualification or lower 726 (30.3) 349 (28.8) 377 (32.3)
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Table 1. Cont.

Characteristics Frequency (%) or Mean (SE)

Total Population,
n = 2323

19–35 Years,
n = 1141

35–50 Years,
n = 1182

Quintile 1 418 (17.3) 233 (19.6) 185 (14.5)
Quintile 2 420 (17.6) 218 (18.6) 202 (16.3)

SEIFA 2011—IRSD 4 Quintile 3 476 (21.6) 237 (23.0) 239 (19.9)
Quintile 4 416 (18.6) 182 (16.0) 234 (21.8)
Quintile 5 593 (24.9) 271 (22.8) 322 (27.4)

Current smoker, daily 442 (16.5) 226 (18.1) 216 (14.6)
Current smoker, weekly 5 41 (1.4) 25 (1.7) 16 (1.1)

Smoking status Current smoker, less than weekly 18 (1.1) 15 (1.6) 3 (0.4)
Ex-smoker 535 (22.4) 189 (16.2) 346 (29.8)

Never smoked 1287 (58.6) 686 (62.4) 601 (54.1)

Meeting minimum
physical activity

requirement 6

n = 2312 n = 1136 n = 1176
Yes 1236 (53.6) 626 (55.7) 610 (51.1)
No 1076 (46.4) 510 (44.3) 566 (48.9)

Supplement use Yes 714 (28.9) 295 (25.5) 419 (33.1)
No 1609 (71.1) 846 (74.5) 763 (66.9)

1 Represents mean (SE); 2 Canada, Ireland, New Zealand, South Africa, United Kingdom and the United States of America; 3 All other
households include Unrelated persons aged 15+ only and all other households, 4 Index of Relative Socio-Economic Disadvantage; 5 At least
once a week but not daily; 6 Meeting the recommendation of physical activity for 150 min during the last week.

3.2. Food Intake Compared to AGHE Recommendations among All Women and by Age Group

Figure 1 displays the percentage of women meeting the AGHE recommended food
group servings. Majority of women did not meet the minimum requirement for any of the
five food groups. The highest percentage of women meeting recommendations was for
meat and alternatives, and for fruit, at 26.9% and 26.2%, respectively. This was equivalent
to a median (IQR) daily intake of meat and alternatives, and fruit, of 1.5 (0.7, 2.6) and
0.9 (0.0, 2.0) servings/day, respectively (Table 2). The lowest percentage of women who
met recommendation was for vegetables (14.6%), equivalent to 2.1 (1.0, 3.7) servings/day
(Table 2). Recommendations for grains and dairy was met by a respective 17.5% and 14.0%,
of women. No significant differences were found between younger and older women in
meeting AGHE recommendations (Table 3).

Figure 1. Adherence to food group recommendations in all reproductive age women (n = 2323). Aus-
tralian Guide to Healthy Eating recommendations for vegetables & alternatives (≥5 servings), fruits
(≥2 servings), grains (≥6 servings), meat and alternatives (≥2.5 servings), and dairy (≥2.5 servings).
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Table 2. Food group intakes for the whole population and by age group.

Daily Servings, Median (IQR)

Total Population,
n = 2323

19–35 Years,
n = 1141

35–50 Years,
n = 1182

Vegetables & alternatives 2.1 (1.0, 3.7) 1.9 (1.0, 3.7) 2.1 (1.0, 3.8)
Fruits 0.9 (0.0, 2.0) 0.9 (0.0, 2.0) 0.9 (0.0, 2.0)

Food groups (serving/d) Grains 3.4 (2.1, 5.1) 3.4 (2.2, 5.2) 3.4 (1.9, 5.1)
Meat & alternatives 1.5 (0.7, 2.6) 1.5 (0.6, 2.5) 1.6 (0.8, 2.7)

Dairy 1.1 (0.4, 1.9) 1.1 (0.4, 1.9) 1.1 (0.5, 1.9)

Carbohydrate 44.7 (37.2, 51.3) 45.3 (38.4, 52.1) 43.6 (35.0, 50.1)
Macronutrients percentage (%) Protein 17.7 (13.9, 21.5) 17.0 (13.5, 21.1) 18.2 (14.5, 22.1)

Fat 31.4 (25.5, 37.0) 31.5 (25.6, 37.4) 31.2 (25.4, 36.6)

Percentage of energy from SFA 11.9 (8.7, 15.3) 12.2 (8.7, 15.3) 11.5 (8.5, 15.2)

Discretionary choices Percentage of energy from free sugars 1 8.9 (4.7, 14.6) 9.9 (5.6, 15.8) 7.6 (4.0, 13.2)
Sodium (mg/d) 1889.6 (1287.0, 2725.7) 1948.3 (1296.4, 2815.9) 1828.0 (1265.8, 2581.5)
Alcohol (g/d) 0.0 (0.0, 0.1) 0.0 (0.0, 0.0) 0.0 (0.0, 13.6)

Dietary Guideline Index (total
score) 76.3 (65.9, 85.8) 75.0 (64.4, 85.6) 77.5 (67.6, 86,1)

1 Free sugars include added sugars, sugar component of honey, fruit juice and fruit juice concentrates, based on the definition by the World
Health Organization.

Table 3. Odds ratios for adherence to AGHE and AMDR recommendations 1.

Reference Unadjusted OR (95% CI) Adjusted 2 OR (95% CI)

Vegetables & alternatives <5 servings/day 1.00 (0.49, 2.04) 1.16 (0.28, 4.81)

Fruits <2 servings/day 1.01 (0.63, 1.64) 1.16 (0.68, 1.96)

Grains <6 servings/day 0.99 (0.33, 2.97) 1.02 (0.30, 3.44)

Meat & alternatives <2.5 servings/day 0.88 (0.57, 1.35) 0.87 (0.51, 1.48)

Dairy <2.5 servings/day 0.81 (0.43, 1.52) 0.70 (0.25, 1.98)

Alcohol <40 g/day 1.92 (0.54, 6.71) 2.32 (0.45, 11.96)

Sugar <10% daily energy intake 3 0.62 (0.25, 1.53) 0.69 (0.33, 1.44)

Sodium <2000 mg/day 0.81 (0.48, 1.37) 0.82 (0.44, 1.52)

SFA <10% daily energy intake 0.81 (0.48, 1.37) 0.82 (0.44, 1.52)

Carbohydrate <45% 1.32 (0.80, 2.15) 1.13 (0.61, 2.08)

Protein <15% 0.78 (0.50, 1.20) 0.75 (0.44, 1.28)

Fat <20% 1.07 (0.70, 1.63) 1.07 (0.63, 1.82)
1 Reference was 35–50 years compared to 19–35 years; all statistical differences between groups in unadjusted and adjusted analyses
were p > 0.05, 2 Adjusted for country of birth, household type, level of education, SEIFA, smoking status, alcohol (except when it was the
outcome), BMI, physical activity and supplements use, 3 based on World Health Organization definition.

3.3. Food Intakes Compared to AMDR Recommendations in All Women and by Age Group

The percentage of women meeting the AMDR is shown in Figure 2. Just over half of
all women were within the AMDR for protein and fat and just under half were within the
AMDR for carbohydrates. A third of women (31.5%) consumed less than the AMDR for
protein but a third (32.9%) consumed higher than the AMDR for fat. There was no difference
between younger and older women in meeting AMDR recommendations (Table 3).

3.4. Diet Quality and DGI Component Scores in All Women and by Age Group

Scores for both total DGI and its subcomponents are shown in Table 4. There was no
significant difference for DGI total score between younger and older women. Compared to
younger women, older women had higher DGI scores in limiting saturated fat, consuming
low-fat milk, and limiting adding salt during cooking (Table 4).
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Figure 2. Percentage of daily energy from macronutrients in all reproductive age women (n = 2323).
Acceptable macronutrient distribution range (AMDR) for carbohydrate (45–65%), protein (15–25%)
and fat (20–35%).

Table 4. Dietary Guideline Index (DGI) and its components, by age groups (n = 2323).

DGI Mean (SE) Mean Difference (SE) 1,2 p-Value

19–35 Years (n =
1141)

35–50 Years (n =
1182)

DGI (total score) 74.5 (2.5) 75.6 (1.7) −0.54 (1.99) 0.79

DGI sub-components
1. Food variety 1.9 (0.1) 2.3 (0.1) −0.26 (0.27) 0.33
2. Vegetables 4.2 (0.2) 4.4 (0.3) 0.00 (0.49) 0.99

3. Fruit 4.8 (0.4) 4.8 (0.3) 0.12 (0.63) 0.84
4. Cereal (total) 3.6 (0.4) 3.3 (0.2) 0.15 (0.63) 0.80

4a. Serves per day 2.3 (0.2) 2.1 (0.2) 0.17 (0.37) 0.65
4b. Mostly wholegrain 1.2 (0.2) 1.2 (0.2) −0.01 (0.31) 0.97

5. Meat and Alternatives (total) 7.0 (0.2) 7.3 (0.1) −0.24 (0.33) 0.47
5a. Serves per day 2.5 (0.1) 2.8 (0.1) −0.20 (0.20) 0.31

5b. Mostly lean 4.5 (0.1) 4.5 (0.1) −0.03 (0.25) 0.89
6. Dairy and alternatives 4.9 (0.4) 5.0 (0.2) −0.17 (0.41) 0.67

7. Fluid intake (total) 8.4 (0.1) 8.6 (0.2) −0.17 (0.23) 0.44
7a. Serves per day 3.9 (0.1) 4.2 (0.2) −0.24 (0.21) 0.26
7b. Mostly water 4.5 (0.1) 4.5 (0.1) 0.06 (0.11) 0.54

8. Limit discretionary foods 3.4 (0.7) 3.8 (0.3) −0.55 (0.73) 0.45
9. Limit saturated fat (total) 7.8 (0.3) 8.5 (0.2) −0.69 (0.33) 0.04
9a. Mostly trimmed meat 4.4 (0.1) 4.4 (0.1) −0.07 (0.21) 0.74
9b. Mostly low-fat milk 3.4 (0.3) 4.0 (0.1) −0.62 (0.28) 0.03

10. Moderate unsaturated-fat 7.9 (0.4) 7.6 (0.5) 0.36 (1.05) 0.73
11. Limit added salt (total) 5.9 (0.2) 6.1 (0.4) −0.28 (0.32) 0.38

11a. During cooking 2.2 (0.2) 2.7 (0.3) −0.47 (0.21) 0.03
11b. Added at the table 3.6 (0.1) 3.4 (0.2) 0.19 (0.22) 0.40

12. Limit extra sugar 6.2 (0.5) 6.8 (0.3) −0.50 (0.56) 0.37
13. Limit alcohol 9.4 (0.3) 8.9 (0.2) 0.57 (0.45) 0.58

1 Reference was 35–50 years, 2 Adjusted for country of birth, household type, level of education, SEIFA, smoking status, alcohol (except for
when it was the outcome), BMI, physical activity and supplements use.
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3.5. Sub Group Analyses in Women with and without Children

For women in any age group, there was no difference in meeting the AGHE food
group serving recommendations, AMDR guidelines, or DGI score, if women had children
or not (Supplementary Tables S1 and S2).

4. Discussion

Using the largest and most-recent Australian National Nutrition and Physical Activity
Survey, our results do not support our hypothesis that older women are more likely to meet
dietary recommendations or have better diet quality than younger women of reproductive
age. There was also no difference in meeting dietary recommendations whether women
had children or not. Our study reiterates the overall inadequate diet quality of women in
Australia, but extends previous studies showing that older women, or women who have
children, have no superior diets compared to younger women or those without children.

Our findings are not unique to the Australian population of reproductive aged women.
Studies in women from low income [35,36] and high income [37] countries have reported
similar findings with low consumption of fruits and vegetables, and higher intakes of
junk foods and discretionary choices. Compared to data collected from earlier Australian
surveys, in 4349 women aged 18–46 years from the Australian Resilience for Eating and
Activity Despite Inequality study, >90% failed to meet the recommended guidelines for veg-
etables, grains, lean meat and alternatives, and dairy foods [38]. Data from the Australian
Longitudinal Study on Women’s Health (2001 to 2009) revealed that <2% of women aged
31–36 years or 50–55 years, met the Australian Dietary Guidelines recommendation of five
daily servings of vegetables; and for women aged 31–36 years, less than one-third met rec-
ommendations for fruit and meat and alternatives [18]. The current analysis from the 2011
Australian Health Survey, reveals only 15% of women consumed adequate vegetable intake,
with similar proportions of women still not meeting fruit, or meat and alternative groups
compared to the Australian Longitudinal Study on Women’s Health. Thus, little progress
has been made among reproductive age women meeting nutrition recommendations, and
substantial changes to their dietary intake are needed to meet these.

Novel to our study is that we reveal consistency in the proportion of younger and older
women meeting dietary guidelines, and no superior diet quality in older women, apart from
scoring higher for some components of the DGI including limiting saturated fat, higher
consumption of low fat milk, and lower added salt during cooking. Although limiting both
saturated fat and added salt is recommended in the Australian Dietary Guidelines [30],
and low fat milk is recommended to lower saturated fat intake [30], the extent to which
these sub components contribute to overall diet quality cannot be established from the
data. Nevertheless, the demonstration that older women are not consuming better quality
diets is intriguing. There are clear links between advancing age and reproductive health.
Physiologically, older women have diminished ovarian reserve [39] and shorter menstrual
cycles [40], which impact fertility. More older women are entering pregnancy than what
they were decades ago [41], frequently with higher body weight and a greater number of
pre-existing conditions [42], which associate with poor reproductive health outcomes [42].
Older women also have higher rates of numerous risk factors for chronic diseases [24].
Given that many women are unaware of the importance of lifestyle choices when planning
a pregnancy [43,44], and that there are a number of perceived barriers relating to dietary
behaviours [45], action is required to increase women’s awareness and uptake of lifestyle
advice and support [46].

Unique to our study is the report of no evidence of meeting dietary recommendations
whether younger or older women had children or not. This has not been clearly assessed
in previous studies. Parental influences play a large role in child feeding practices by
deciding which foods are available and in what quantity [47,48]. Family eating habits have
the greatest influence over young children’s diets [49], and one study showed that dietary
indicators of mothers was a strong predictor of children’s dietary quality [50]. Although
there is a large volume of research demonstrating the relationship between mothers’ and
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children’s food restraint and eating behaviours [51,52], no studies were found comparing
dietary recommendations or quality between women with or without children. Our results
reinforce the need for increased education to women and families to encourage healthy
eating habits, as they are clear role models to their children. Our research also posits the
need for research to examine relationships between mother-child diets.

Strengths of this study include the large nationally representative sample, general-
isable to the broader Australian population of reproductive age women, and detailed
sociodemographic and diet data. Specifically, the national survey collected food intake
data in line with current Australian dietary recommendations, thereby providing easier
translation of results. The systematic data collection methods employed within the Aus-
tralian Health Survey allowed us to include appropriate confounding factors, reducing
information bias. Limitations include the use of one-day dietary intake, thus not reflecting
usual intake, along with a low sample of 24-hr recalls collected for Friday and Saturday [53].
This would likely underrepresent days where high intake of discretionary choices might
be consumed. Although we adjusted analyses for several characteristics, the possibility
of residual confounding impedes definitive conclusions about causality. The survey was
conducted in 2011 and dietary intakes, along with changing societal behaviours such as
prevalence of obesity and older maternal age, is likely to be different at present compared
to 10 years ago.

5. Conclusions

In conclusion we report no differences between younger and older women of repro-
ductive age in meeting dietary recommendations for food groups or macronutrients, and
there was no difference in diet quality. Our findings reinforce the continued need for health
promotion for women of reproductive age as a key priority to improve their own health
but also that of future generations.
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Abstract: Given that there is only a limited body of evidence available concerning the dietary habits
of Spanish university students, the present study assesses the quality of this group’s diet, their
adherence to the National Food-Based Dietary Guidelines, and the predictive factors of their diet
quality. To do so, a cross-sectional study was performed on a sample of 1055 students. The quality of
the participants’ diets was then analysed by using the Spanish Healthy Eating Index, and then their
level of compliance was assessed in light of the dietary recommendations put forth by the Spanish
Society for Community Nutrition. According to these standards, only 17.4% of the participants had a
healthy diet. The level of compliance with the recommendations was poor, highlighting especially the
low levels of “fruit” and “vegetables” that they consumed as well as high levels of “cold meats and
cuts” and “sweets”. The factors that predicted a worse diet are being male, living alone, low levels of
physical activity, smoking, high alcohol intake, leading a sedentary lifestyle, psychological distress,
and insomnia (p < 0.005). Furthermore, participants with low or high body weights showed signs of a
higher quality diet (p < 0.001). The present findings suggest that a significant proportion of university
students ought to change their dietary habits; these also attest to the importance of developing
strategies that are directly targeted at university students in order to promote a healthy diet.

Keywords: diet quality; dietary guidelines; university students; cross-sectional study

1. Introduction

Research has repeatedly shown the important role that diet plays in maintaining one’s
short and long-term health as well as its relation to life expectancy [1,2]. Accordingly,
increasing diet quality could be independently associated with a reduced risk of death
(by all causes) of up to 28% [3,4]. There is also evidence [5,6] that links the consumption of
certain foods with the increased or decreased likelihood of suffering from certain diseases.
All of these findings on the importance of diet have been taken into account by various
organisations that have published dietary guidelines [7]. The level of compliance with
these recommendations has in turn served as the basis for constructing indices that seek to
assess the diet quality (DQ) of various groups and populations. Not only have these indices
proven to be useful tools for assessing alimentary practices (e.g., diet diversity, moderation,
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etc.), but their use is also recommended for studies on the DQ of the general population
as well as more targeted groups [8]. Internationally, these indices have been used to
study the DQ of a range of groups [9–12], including university students [13,14]. Students,
in particular, are an important target audience for public health actions, seeing that entering
university constitutes a drastic change in lifestyle that can bring about new challenges
and meaningfully affect the students’ habits and health. Rivalry between classmates, the
pressure to succeed academically, changes in workload and support networks, new types
of relationships, and, in some instances, moving away from home are all factors that
can trigger new, risky behaviours that may compromise the future health of university
students [15,16]. These young adults find themselves in a crucial moment in terms of
acquiring and reinforcing many habits that impact health. When it comes to dietary habits,
university is the time when previously learned patterns can be cemented, or new patterns
can be learned and replace old ones [17,18]. Many variables can exert influence on the ways
that university students nourish themselves, including individual factors (e.g., the lack of
self-discipline or time constraints), support networks (e.g., the influence of peers or the lack
of parental monitoring), the local environment (e.g., accessibility or the appeal and price of
certain food products) as well as the macro environment (e.g., advertising) [19,20]. Other
sociodemographic variables have also been connected to the DQ of university students,
including the following: living alone [21], gender [22], satisfaction with one’s studies and
academic performance [23], lack of information [24] as well as anxiety and depression [25].

In Spain, there have been numerous studies on the DQ of the general population [7,26–28]
and even clinical populations [29,30]. That said, more targeted work on the DQ of young
people and university students in particular has been scarcer, and the studies that do exist
have generally relied on small samples and somewhat indirect approximations of DQ based
on the adherence to the Mediterranean diet. Accordingly, there is an important gap in the
research that needs to be filled, especially given that universities can easily communicate
with large groups of young adults and hence could become excellent agents for promoting
healthier dietary practices. With this in mind, this study’s objectives were twofold: first, to
assess Spanish university students’ DQ and adherence to the National Food-Based Dietary
Guidelines (NFBDG) [31]; second, to identify possibly linked factors.

2. Materials and Methods

2.1. Design and Study Population

A descriptive cross-sectional study was carried out among a group of undergraduate
students from the San Jorge University in Zaragoza (Aragon, Spain). Information about
the research objectives was provided and students were recruited in the classroom during
the second semester of the 2020–2021 academic year (specifically, in March and April of
2021). A total of 1309 students out of the 2219 enrolled at the university were asked to
participate in the study by anonymously filling out a series of questionnaires. There were
151 students who declined to participate, while the responses of an additional 103 students
were discarded due to gaps in the provided information (Figure 1).

2.2. Data Collection

Sociodemographic data (age, gender, place of residence, and marital status), anthropo-
metric measurements (height and weight, which were used to calculate BMI), information
about mental health history (signs of depression, anxiety, and stress), and lifestyle (cur-
rent tobacco and alcohol intake, sleep, level of physical activity, time spent sitting, and
diet) were collected. The BMI variable was categorised according to the classification
of the World Health Organization (WHO) [32], namely as underweight (<18.5 kg/m2),
normal weight (18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), and obese (≥30 kg/m2).
However, we combined the participants who were either overweight or obese into one
group—overweight/obese (≥25 kg/m2)—in order to increase the sample-size compara-
bility of the groups. The sociodemographic, anthropometric, and smoking data were all
self-reported using a questionnaire made specifically for collecting this information.
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Figure 1. Study flow chart.

Data on the mental health of participating students were gathered through the De-
pression, Anxiety, Stress Scales-21 (DASS-21) [33]. This scale is an abridged version of
the DASS-42 and was validated for the study of Spanish university students in 2010 [34].
DASS-21 consists of three sub-scales (depression, anxiety, and stress) with seven Likert-
style questions (with choices between 0 and 3) in each section. The total score of each
sub-scale is multiplied by two so that results can be compared with those from the DASS-42.
Next, the subjects were classified according to the following criteria:

• Anxiety: Normal (0–7 points), mild (8–9), moderate (10–14), severe (15–19), and
extremely severe (>19);

• Depression: Normal (0–9 points), mild (10–13), moderate (14–20), severe (21–27), and
extremely severe (>27);

• Stress: Normal (0–14 points), mild (15–18), moderate (19–25), severe (26–33), and
extremely severe (>33).

Data on alcohol intake were collected through the CAGE questionnaire, which has
been validated for studying Spaniards by Rodríguez Martos et al. [35]. This questionnaire
consists of four items with two possible responses (Yes or No). Consumption is deemed
problematic when two or more questions are answered affirmatively.

Sleep quality was assessed using the Insomnia Severity Index (ISI) in its Spanish
version [36]. This tool has previously been used to measure this construct in similar
populations [37,38]. In its Spanish version, the ISI comprises 7 items measuring three
different components of insomnia, namely (1) nature of insomnia, (2) severity of insomnia
symptoms, and (3) impact of insomnia on daily function. Each item is rated on a 5-point
Likert scale ranging from 0 to 4 points. The global score, ranging from 0 to 28, is obtained
by adding the scores from each individual item. The results are classified as follows:
(1) no insomnia (0–7 points), (2) sub-threshold insomnia (8–14 points), (3) moderate insom-
nia (15–21 points), severe insomnia (22–28 points).

Physical activity and sedentary time were assessed using the short version of the
International Physical Activity Questionnaire (IPAQ-SF). This research tool, which has
been validated for the study of Spanish university students [39], measures the intensity,
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frequency, and duration of physical activity over the last seven days. IPAQ-SF determines a
mean of daily sedentary time and allows researchers to obtain two types of data concerning
physical activity: first, it offers a calculation of the metabolic equivalent of tasks (METs),
taking the type of activity (walking, moderate physical activity, and vigorous physical
activity) and the time spent on the activity into account; secondly, the tool allows researchers
to classify individuals into three categories of physical activity (low, moderate, high) [40].

DQ was assessed using the Spanish Healthy Eating Index (SHEI) [26]. This tool com-
prises 10 items measured on a 5-point Likert scale. Points for each answer (0 = no adherence,
2.5, 5, 7.5, or 10 = full adherence) are given based on the participant’s degree of adherence
to the NFBDG recommendations for the frequency of consumption of specific foods [31].
Specifically, the SHEI measures the frequency of consumption of bread and grains, vegeta-
bles, fruit, dairy products, meat (including eggs), legumes, cold meats and cuts, sweets, soft
drinks with sugar, and diet variety. The diet variety variable is calculated a posteriori by the
researcher based on the participant’s report of daily and weekly food consumption (1 point
is awarded for each weekly recommendation and 2 points for each daily recommendation
that is fully met or adhered to). Supplementary Table S1 details the specific criteria for
scoring each of these categories. The final score falls between 0 and 100 points, which
is calculated by adding the scores from each category. Based on the results, diet can be
classified as follows: healthy (>80), needing change (51–80), and inadequate (<51) [26].

2.3. Data Analysis

The characteristics of the sample were summarised using mean and standard devi-
ation for the continuous variables, and frequency and percentage for the nominal ones.
The Kolmogorov–Smirnov test was used to check the normality of DQ (SHEI score). Next,
a multiple linear regression analysis was carried out (enter method) to determine which
factors were associated with DQ (SHEI score). The covariates included in the multiple
linear regression model were age, gender, BMI (WHO categories), life arrangement, marital
status, smoking status, alcohol consumption (CAGE categories), physical activity (IPAQ
categories), sedentary time, sleep quality (ISI categories), and symptoms of depression,
anxiety, and stress (DASS-21 categories).

The model’s goodness-of-fit was assessed through R2. Furthermore, the diagnostic of
collinearity of the final regression model showed tolerance levels over 0.6 for all included
variables. The statistical analysis of the data was performed with the SPSS statistical
package for Windows-Version 21 (IBM Corp, Armonk, NY, USA), accepting a significance
level of p < 0.05.

3. Results

The size of the study’s final sample came to 1055 university students, with an average
age of 21.74 ± 5.15. The majority of the participants were women (70.5%), living with family
(66.4%), and non-smokers (76.6%). Nearly a third reported high alcohol intake and nearly
half reported a low level of physical activity. Furthermore, 33.9% of the students reported
some degree of stress, 18.5% reported depression, 23.5% anxiety, and 43.1% insomnia.
Other information about the sample is presented in Table 1.

The average SHEI score came up to 68.57 ± 12.17 (100 being the maximum). The
vast majority of the participants reported an inadequate diet (6.9%) or a diet needing
changes (75.6%), while only 17.4% had a healthy diet (Table 1). The scores obtained by the
participants ranged between 4.45 ± 3.28, for the consumption of sweets, and 9.27 ± 2.82,
for the consumption of dairy products (Table 2).

Most participants showed a low level of compliance with the NFBDG recommen-
dations concerning the frequency with which certain foods are consumed, especially for
“bread and grains”, “fruits”, “meat”, “vegetables”; in contrast, participants surpassed
recommendations for the categories “cold meats and cuts” and “sweets” (Figure 2). Men
and women reported similar dietary patterns; that said, the women more consistently
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followed the recommendations for the consumption of fruits and vegetables (p < 0.05),
whereas the men more rigidly adhered to recommendations concerning meat (p < 0.05).

 

Figure 2. Percentage of students who adhere to the NFBDG-2016 [31] recommendations for the
frequency with which certain foods should be consumed every week.

Table 1. Participant characteristics (n = 1055).

Variable Mean ± SD/n (%)

Age 21.74 ± 5.15

Gender
Female 744 (70.5%)

Male 311 (29.5%)

BMI (kg/m2) 22.15 ± 3.48

BMI Categories

Underweight (<18.5 kg/m2) 160 (15.2%)

Normal weight (18.5–24.9 kg/m2) 736 (69.8%)

Overweight/obese (≥25 kg/m2) 159 (15.1%)

Living arrangement

Living alone 64 (6.1%)

Living with a partner 291 (27.6%)

Living with family 700 (66.4%)

Relationship status
Currently in a relationship 494 (46.8%)

Currently not in a relationship 561 (53.2%)

Smoking status (current)
No 535 (76.6%)

Yes 163 (23.4%)

CAGE score 0.48 ± 0.78

CAGE categories
Problematic alcohol consumption 343 (32.5%)

Non-problematic alcohol consumption 712 (67.5%)

SHEI score 68.57 ± 12.17

Diet quality

Inadequate (<51 points) 73 (6.9%)

Need changes (51–80 points) 798 (75.6%)

Healthy (>80 points) 184 (17.4%)
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Table 1. Cont.

Variable Mean ± SD/n (%)

Physical activity (METs/week) 1877.03 ± 1966.54

Physical activity categories

High 236 (22.4%)

Medium 351 (33.3%)

Low 468 (44.4%)

Sedentary time (hours/day) 6.76 ± 2.45

Sedentary time categories

<3 h/day 133 (12.6%)

3–6 h/day 342 (32.4%)

≥6 h/day 580 (54.9%)

DASS-E score 12.39 ± 8.08

DASS-E categories

No stress 697 (66.1%)

Mild stress 121 (11.5%)

Moderate stress 174 (16.5%)

Severe stress 46 (4.4%)

Extremely severe stress 17 (1.6%)

DASS-D score 5.45 ± 7.12

DASS-D categories

No depression 859 (81.4%)

Mild depression 80 (7.6%)

Moderate depression 48 (4.5%)

Severe depression 38 (3.6%)

Extremely severe depression 30 (2.8%)

DASS-A score 4.84 ± 5.75

DASS-A categories

No anxiety 807 (76.5%)

Mild anxiety 83 (7.9%)

Moderate anxiety 95 (9.0%)

Severe anxiety 9 (0.9%)

Extremely severe anxiety 61 (5.8%)

ISI score 7.91 ± 4.88

Sleep quality

No insomnia 600 (56.9%)

Sub-threshold insomnia 333 (31.6%)

Moderate insomnia 114 (10.8%)

Severe insomnia 8 (0.8%)

Table 2. SHEI scores of the participants (n = 1055).

Food Group Mean ± SD Min. Max. Mode

Bread and grains 7.27 ± 3.25 0 10 10 (Consumed daily)
Vegetables 8.38 ± 2.91 0 10 10 (Consumed daily)

Fruits 8.23 ± 3.54 0 10 10 (Consumed daily)
Dairy products 9.27 ± 2.82 0 10 10 (Consumed daily)

Meat 6.90 ± 2.83 0 10 7.5 (3 or more times a week but not daily)
Legumes 9.17 ± 1.97 0 10 7.5 (3 or more times a week but not daily)

Cold meats and cuts 6.29 ± 3.75 0 10 5 (Once or twice a week)
Sweets 4.45 ± 3.28 0 10 5 (Once or twice a week)

Soft drinks with sugar 8.62 ± 3.36 0 10 7.5 (Less than once a week)
SHEI score 68.57 ± 12.17 25 96.5 70.5 (Need changes)
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Through the multiple linear regression analysis, we found that being older, being
female, not having a stable partner as well as having a low or high body weight inde-
pendently correlated with a better DQ (p < 0.05). On the other hand, demonstrating
signs of depression, anxiety, stress or insomnia, living alone, smoking, having an unactive
lifestyle, being sedentary, and a high alcohol intake were all linked independently with
lower SHEI scores (p < 0.05). This model’s predictive power for DQ was determined to be
37.7% (R2 = 0.38) (Table 3).

Table 3. Factors related to diet quality. Multiple linear regression model *.

Independent Variable B (CI 95%) Std. Error β p

Age. <20 years (Ref.)
20–24.9 3.54 (2.05, 5.04) 0.76 0.14 0.00
≥25 4.76 (2.68, 6.85) 1.06 0.14 0.00

Gender. Male (Ref.)
Female 2.47 (0.94, 4.00) 0.781 0.09 0.00

BMI categories. Normal weight (Ref.)
Underweight (<18.5 kg/m2) 3.55 (1.63, 5.48) 0.98 0.10 0.00
Overweight/obese (≥25 kg/m2) 6.42 (4.53, 8.31) 0.96 0.19 0.00

Living arrangement. Living with family (Ref.)
Living alone −11.49 (−14.27, −8.71) 1.42 −0.22 0.00
Living with a partner −0.50 (−2.06, 1.07) 0.80 −0.02 0.53

Relationship status. Currently in a relationship (Ref.)
Currently not in a relationship 3.63 (2.01, 5.25) 0.83 0.15 0.00

Smoking status. Not a smoker (Ref.)
Smoker −2.82 (−4.41, −1.24) 0.81 −0.10 0.00

CAGE Categories. Non-problematic alcohol consumption (Ref.)
Problematic alcohol consumption −1.82 (−3.20, −0.45) 0.702 −0.070 0.01

Physical activity. Medium (Ref.)
High PA 1.74 (−0.05, 3.53) 0.91 0.06 0.06
Low PA −2.77 (−4.45, −1.09) 0.86 −0.11 0.00

Sedentary time. 3–6 h per day
<3 h/day −0.29 (−2.48, 1.90) 1.11 −0.01 0.80
≥6 h/day −2.40 (−3.86, −0.93) 0.75 −0.10 0.00

DASS-E categories. No stress (Ref.)
Mild stress 12.10 (9.63, 14.57) 1.26 0.32 0.00
Moderate stress −1.08 (−3.08, 0.92) 1.02 −0.03 0.29
Severe stress −0.29 (−3.93, 3.35) 1.85 −0.00 0.88
Extremely severe stress −5.56 (−11.37, 0.24) 2.96 −0.06 0.06

DASS-D categories. No depression (Ref.)
Mild depression 2.13 (−1.00, 5.27) 1.60 0.05 0.18
Moderate depression −3.23 (−6.71, 0.25) 1.77 −0.05 0.07
Severe depression −18.04 (−22.12, −3.97) 2.07 −0.28 0.00
Extremely severe depression −7.77 (−12.22, −3.33) 2.26 −0.11 0.00

DASS-A categories. No anxiety (Ref.)
Mild anxiety −3.25 (−5.91, −0.60) 1.35 −0.07 0.01
Moderate anxiety −3.32 (−5.93, −0.70) 1.33 −0.08 0.01
Severe anxiety −10.96 (−18.25, −3.66) 3.72 −0.08 0.00
Extremely severe anxiety −1.29 (−5.18, 2.61) 1.98 −0.02 0.52

ISI categories. No insomnia (Ref.)
Sub-threshold insomnia −4.93 (−6.50, −3.37) 0.79 −0.19 0.00
Moderate insomnia −6.62 (−9.11, −4.14) 1.27 −0.17 0.00
Severe insomnia −13.51 (−21.46, −5.56) 4.05 −0.10 0.00

Ref. = Group of Reference. * Model’s Goodness of Fit (R2) = 0.38. p value (model) = 0.00 (one-way ANOVA).
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4. Discussion

Based on the recommendations of the National Food-Based Dietary Guidelines [31],
our findings suggest that university students’ diet quality is generally poor. Our partici-
pants consumed insufficient amounts of “fruit” and “vegetables” and excessive amounts
of “cold meats and cuts” and “sweets”. Factors that predicted a diet of worse quality were
being male, living alone, maintaining low levels of physical activity, smoking, consuming
alcohol, leading a sedentary lifestyle, experiencing psychological distress, and insomnia. In
contrast, participants with low or high body weights showed signs of a higher quality diet.

Only 17.4% of the participants reported having a healthy diet. The present results
are similar to those previously obtained by using SHEI to study Spanish university
students [22,41–43]. They are, however, distinctly lower than the results from studies
of the general Spanish population, for which between 28% and 35.8% of the participants
reported having a healthy diet [26,27,29]. These results could be explained in two ways
that are not mutually exclusive. First, the newly found liberty and independence asso-
ciated with university life could allow students to let themselves go and overindulge in
low-quality foods and alcohol. This does not necessarily mean that these individuals will
not improve their DQ in the future after finishing their studies; indeed, they very well
could do so. In this vein, previous studies carried out in England, Spain, and Lebanon
have shown that some students opt for a poorer diet and gain a significant amount of
weight in the first year of university, a phenomenon popularly referred to as “the Freshman
15” [44–46]. The second argument is that these trends reflect a more general tendency and
could therefore imply that the DQ of Spaniards could decline in the future. The fact that age
was positively associated with DQ in our sample lends support to this hypothesis. Indeed,
research has shown that there has continually been less adherence to the Mediterranean
diet in Spain [47,48], a diet that has been shown to be healthy and traditional in the country.
This, however, does not appear to be a trend that is only valid in Spain, since researchers
throughout Europe have detected a decrease in DQ over the last decade [49].

Internationally, researchers have found a remarkable range in the percentage of uni-
versity students who have a healthy diet, ranging between 1.8% and 57% [18,50–53].
These differences, for the most part, can be explained in terms of the different socioeco-
nomic realities and living arrangements of the various countries studied. For example,
whereas 57% of Thai students reported following an inadequate diet [50], only 2.03% of
Northern European students followed an unhealthy diet [18].

What deserves special attention is how student habits do not conform to the national
alimentary guidelines for the majority of food groups. In fact, over 50% of the participants
complied with recommendations in only three of the 10 variables included in the SHEI
(dairy products, legumes, and soft drinks with sugar). Likewise, the results show a low
level of fruit and vegetable consumption (44.3% and 32.5% of recommended frequency,
respectively). Prima facie, these results may come as a surprise since Spain has a reputation
for the quality of its agricultural products. However, similar trends have already been
observed in Spanish university students [54,55] and the general population [7,56] that
support the present findings.

In line with previous studies carried out in Tunisia and Canada [52,57], being a woman
is associated with a better DQ. The relationship between gender and diet are conditioned
by a suite of physiological, psychological, and sociocultural factors. Thus, women generally
believe in the importance of a healthy diet, are more likely to monitor their body weight,
and frequently express greater concern over their own eating habits [58–60].

The connection between DQ and BMI is controversial. From a biological point of
view, it is plausible that a low-quality diet could be associated with deviations (whether
higher or lower) from what experts recommend as a healthy body weight. As a corollary,
a high-quality diet would be expected to favour healthy body weight. However, various
studies have demonstrated how this is not always the case [61,62]. Our analysis found a U-
shaped relation between the profiles of BMI and DQ (healthy body weight < low and high
weights). These results should be viewed with caution given this study’s qualitative means
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of assessing DQ. However, it is possible that in a developed country such as Spain, young
university students who are over or underweight may be more informed and conscious
about what constitutes a healthy and balanced diet; perhaps some are influenced by the
enduring canon of beauty in the West (based on being thin), while others seek to have a
healthier weight.

The participants that lived alone showed a poorer DQ than those who lived with
family members or flat mates. This same phenomenon has been repeatedly found in other
studies involving samples of European students [21,63]. There are various reasons that
explain why students who live alone were less likely to adopt a healthy diet; these include,
but are not limited to, the following: changing lifestyle, the comfort and convenience of
fast food, taste, students’ physical and social environment, and awareness of weight [64].

The fact that being in a stable relationship was associated with a poorer DQ in our
sample appears to support the prevalent idea that when we enter a serious relationship, we
often do not take as good care of ourselves as before. Available research on the issue has
shown that people who are overweight or obese (especially women) have more difficulty
finding a partner than those who are not overweight [65]. Developing this idea, van
Woerden et al. [66] suggest that there is a selection bias related to weight for beginning
(but not ending) romantic relationships. In their study, these authors observed that for
students that were single at moment A, the increase of each BMI unit reduced their chances
of finding a partner at moment B (four months later) by 9%. Taking these results into
account, one could infer that an individual seeking to start a new relationship might be
more inclined to regulate his/her diet than someone uninterested in finding a new partner.

Among the study population, a clear association was observed between DQ and
both unhealthy lifestyle choices (i.e., low levels of physical activity, a highly sedentary
lifestyle, high alcohol intake, or smoking) as well as psychological health (i.e., the presence
of stress, anxiety, depression, or insomnia). Previous studies have shown the tendency for
unhealthy lifestyle choices (including low-quality diet) to cluster among Spanish university
students [67–70]. The same holds for the relation between mental health and DQ [22,23,41].
Unhealthy habits (e.g., high alcohol intake, smoking, or certain dietary behaviours) have
often been detected among those suffering from psychological distress and have been
identified as passive coping mechanisms based on avoidance and/or escape [71]. However,
one should not dismiss a bidirectional relationship between mental health and certain
unhealthy lifestyle choices such as poor DQ. In fact, several recent studies have reported a
strong correlation between a healthy diet and psychological wellbeing. Therefore, healthy
diets such as the Mediterranean, which is rich in fresh fruits and vegetables, could be
associated with higher levels of happiness and mental health [72–74], whereas certain gaps
in the diet could be associated with a deterioration in mental health [71,75]. A similar
connection can be observed when it comes to sleep quality; participants suffering from
insomnia also reported a worse DQ. These results are consistent with findings in the
broader scholarly literature on the topic. Numerous experimental studies have shown how
partial sleep deprivation leads to an increased intake of fats [76,77], snacks [78,79], foods
rich in rapidly absorbed carbohydrates [80,81], and inconsistent or shifting mealtimes [76].
Similarly, observational studies have provided further evidence of poorer DQ among
people who have a lower quality of sleep in Iran and the USA [82,83]. Different explanations
have been proffered to illuminate the phenomenon. More waking hours means more time
for eating, changes in the level of hormones that regulate appetite (leptin and ghrelin),
increased processing of hedonic stimuli in the brain (providing a greater reward from
food), and shifting eating schedules [84]. However, it may not only be lack of sleep
that affects diet; certain foods and nutrients can themselves influence sleep quality. For
example, high-carb diets and foods that contain tryptophan, melatonin, and phytonutrients
(e.g., cherries) seem to be linked with higher sleep quality [85].

As far as the authors are aware, this is the first study that analyses DQ and a large
number of sociodemographic and behavioural variables among a large sample of Span-
ish university students. We believe that the obtained results can be generalised to the
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larger body of Spanish university students, not only due to the large sample size but also
because of the standardised procedures used to collect data as well as the plausibility
of the associations detected in the data analysis. Accordingly, this would allow us to
trace a reliable picture of university students’ DQ as well as its associated factors. Such
information is crucial since it can assist in the development and implementation of both
diagnostic tools as well as educational activities concerning a healthy diet. That said,
the study also has several limitations that need to be underscored. First, the transversal
design makes it possible to detect associations, but it does not allow us to determine a
cause-and-effect relationship or direction of influence. Second, the type of sampling used,
a choice based on convenience and available resources, does impinge on our ability to draw
generalisations from these results even though, we should note, the profile of our sample
(i.e., predominantly female) does match the broader demographics of university students
in Aragon. Third, data was self-reported by the participants, which means that one cannot
rule out the possibility of faulty memory or the playing down of certain information such
as body weight [86,87]. Fourth, our data was collected when the COVID-19 pandemic
and the resulting public health measures were well underway in Spain. This fact provides
valuable information about Spanish university students’ diet in the current context, and,
in all likelihood, our results reflect the pandemic’s impact on the lives and dietary habits
of university students. However, the data does not allow us to determine the precise
ways that the current situation has affected students’ diets. Nevertheless, it is worth men-
tioning that other researchers have observed a decline in DQ since the beginning of the
pandemic; lockdown measures have, on the one hand, led to a decline in the consumption
of fruits and vegetables [88], and on the other hand, to an increase in the consumption of
unhealthy foods (e.g., highly-processed foods, snacks, and frozen foods) [89–91]. Further-
more, the SHEI questionnaire only takes into account the frequency with which foods are
consumed and not the quantity that is ingested. For this reason, it cannot offer information
concerning the intake of nutrients or calories. Despite these limitations, there were three
main reasons that we chose this tool: it is a questionnaire specifically adapted to Spanish
alimentary habits; it has repeatedly been shown to be well-equipped to assess the DQ of
Spaniards [27,92,93]; finally, the original questionnaire from which it was derived has been
validated with plasma biomarkers in previous studies [94,95]. Given the limitations listed
above, further research on the present issue is needed, including a longitudinal study as
well as a quantitative approach to evaluating the diet of Spanish university students.

5. Conclusions and Recommendations

The present findings reveal that a large portion of university students have a poor DQ
and do not closely adhere to alimentary recommendations. Therefore, it is necessary to
encourage changes in current dietary patterns. Factors such as living arrangement, certain
unhealthy habits (high alcohol intake, a sedentary lifestyle, smoking, and the presence of
psychological distress and insomnia) predict DQ and can therefore be used to help tailor
and direct action. It is indeed essential that educational institutions and health services
undertake future action to promote better DQ among university students. We recommend a
global approach to the issue that takes into account the factors related to poor DQ. Any such
actions ought to take into consideration the following recommendations:

(1) the early detection of trends of poor DQ among students entering university as part
of existing systems that offer students support;

(2) activities that aim to interrupt and prevent unhealthy dietary habits such as pro-
viding gender-specific information about immediate health concerns or organising
community-wide public health campaigns that ensure that students have access to
needed resources and affordable healthy foods;

(3) the empowerment of students by encouraging, for example, the acquisition of skills
for making dietary choices and increasing resilience so that they can develop their own
adaptive strategies to confront dietary problems and avoid unhealthy dietary habits;
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(4) the consideration and handling of any underlying mental health conditions that could
be present among university students with poor DQ.
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Abstract: Food-Based Dietary Guidelines (FBDG) include dietary recommendations based on food
groups according to the general and accepted nutrition principles and current scientific evidence.
Adoption of FBDG contributes to the prevention of malnutrition in all its forms, promotes human
health, and reduces environmental impact. The present review aims to perform an international
comparative analysis of the FBDG adopted in different countries from three different continents
(America, Asia, and Europe), with particular reference to the Spanish Food Safety and Nutrition
Agency (AESAN, Agencia Española de Seguridad Alimentaria y Nutrición) Scientific Committee
dietary recommendations. A total of twelve countries with the most updated FBDG and/or closest
to the traditional and cultural preferences of Spain were finally selected. All the reviewed FBDG pro-
vided recommendations for fruits, vegetables, cereals, legumes, nuts, milk and dairy products, meat
and derivatives, fish, eggs, water, and oil; however, remarkable differences regarding recommended
amounts were found among countries.

Keywords: food-based dietary guidelines; national dietary recommendations; healthy eating; health
promotion; public health

1. Introduction

Foods are sources of macronutrients (carbohydrates, proteins, fats) and micronutrients
(vitamins and minerals) necessary to cover human metabolism requirements for life and
survival, concerning energy demands for sustainability, growth, development, and repro-
duction [1]. In addition, foods contain biologically active components called “bioactive
compounds” or “phytochemicals”, which are able to contribute to achieving an adequate
health status [2].
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The knowledge of food composition (nutrients and bioactive compounds) as well as
defining the different food groups, where they are categorized, is fundamental for food
intake decision-making and promoting human health [1,3]. The consumption of foodstuffs
from different food groups in balanced proportions ensures the adequate intake of nutrients
and bioactive compounds with potential benefits for human health [4]. Scientific evidence
has demonstrated that a varied and balanced diet with a predominant consumption of
plant-based food groups (fruits, vegetables, legumes, cereals, nuts, etc.) over food groups
of animal origin promotes health and reduces environmental impact [5]. According to
EAT-Lancet Commission, the adoption of healthy and sustainable diets could reduce
19.0–23.6% of global deaths (10.8–11.6 million) every year [6]. Thus, focusing exclusively
on human health is not sufficient as inadequate eating patterns adversely affect the en-
vironment and jeopardize well-being, quality of life, and survival of present and future
generations [7,8].

In general, dietary recommendations are based on Dietary Reference Values (DRV)
(also named Recommended Nutrient Intake, RNI; or Recommended Dietary Allowances,
RDAs), which refer to specific nutrients and their recommended intake for each particular
group of the population in order to avoid nutritional deficiencies that can compromise
health. One example is Spain, where the Scientific Committee of the Spanish Agency for
Food Safety and Nutrition (AESAN) in 2019 approved a scientific report to update DRVs of
15 minerals and 13 vitamins for the Spanish population [9].

The European Food Safety Authority (EFSA) has encouraged Member States of the
European Union (EU) to establish dietary recommendations focused on food groups
based on DRVs [10]. In this context, The World Health Organization (WHO) and the Food
and Agriculture Organization of the United Nations (FAO) have promoted the development
of national food-based dietary recommendations in line with the Sustainable Healthy Diets;
that is, considering the economic, cultural, social, and environmental conditions of each
country [11].

In this context, Food-Based Dietary Guidelines (FBDG) are considered short messages
expressed as dietary recommendations based on food groups, in accordance with the
general and accepted nutrition principles and current scientific evidence [7]. FBDG are
focused on preventing malnutrition in all its forms, promoting human health, as well as
reducing environmental impact through the incorporation of the concept of sustainability
within the healthy diet definition [7,12,13].

The objective of the present review is to perform an international comparative analysis
of the FBDG adopted in different countries from three different continents (America, Asia,
and Europe), with particular reference to the AESAN (Agencia Española de Seguridad
Alimentaria y Nutrición) Scientific Committee dietary recommendations.

2. Materials and Methods

Different countries have established FBDG. On its website (http://www.fao.org/
nutrition/education/food-dietary-guidelines/en/, accessed on 6 September 2021), FAO [14]
offers a general description of food guides that include recommendations for approved
food groups in diverse countries. Inclusion criteria established to select FBDG subjected to
this review include the most updated dietary guidelines as well as those that are closest to
the traditional and cultural preferences of Spain.

Twelve countries were selected considering the inclusion criteria. As shown in Table 1,
the present work critically reviews the international food guides of the United States, China,
the Nordic countries (Finland, Norway, and Sweden), the United Kingdom, Germany, the
Netherlands, France, Portugal, Italy, and Spain.
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Table 1. International overview of Food-Based Dietary Guidelines established in North America
(United States), Asia (China), and Europe (Finland, Norway, Sweden, United Kingdom, Germany,
The Netherlands, France, Portugal, Italy, and Spain). Adapted from [5,14].

Region/Country Food-Based Dietary Guidelines Reference

North America

United States Dietary guidelines for Americans 2015–2020 [15]

Asia

China Chinese Dietary Guidelines [16]

Europe

Finland Finnish nutrition recommendations 2014 [17]

Norway Norwegian guidelines on diet, nutrition, and physical activity [18]

Sweden Find your way to eat greener, not too much, and to be active! [19]

United Kingdom The Balance of Good Health [20]

Germany Ten guidelines for wholesome eating and drinking from the
German Nutrition Society [21]

The Netherlands Dutch dietary guidelines 2015 [22]

France The French National Nutrition and Health Program’s
dietary guidelines [23]

Portugal Food wheel guide [24]

Italy Dietary Guidelines for Healthy Eating [25]

Spain
NAOS Strategy. [26,27]

GENCAT Strategy (Generalitat de Catalunya) [28]

3. Results and Discussion

In general, all the national and international dietary guidelines selected and reviewed in
the present work were in accordance with the Sustainable Healthy Diets (healthy eating mod-
els with a low environmental impact) [29], as they provided the following recommendations:

• A varied, balanced diet: eat a wide range of food products from different food groups
and maintain an adequate balance between the energy ingested and the expenditure
of the individuals.

• A diet based mainly on plant-based food; that is, fruits, vegetables, minimally pro-
cessed tubers, cereals (preferably whole grains), unsalted seeds and nuts, as well as
oils and fats with a beneficial omega 3:6 ratio.

• Moderate consumption of meat and its derivatives and dairy products. The diet
should incorporate small amounts of fish and aquatic products from certified fisheries.

• Very limited consumption of food rich in fats, simple sugars, or salt, as well as low in
micronutrients (e.g., fried potatoes, confectionery products, sugary drinks, etc.).

• Intake of water as the main drink, limiting the consumption of other drinks, particu-
larly sugary soft drinks.

3.1. Illustrations Included in the Selected Food Guides

The most commonly used graphic representation in the reviewed dietary guidelines
was an illustration with comprehensible and clear key messages and traffic light colors:
green, amber/yellow, and red. The first one (green color) recommends an increase of
the consumption of certain food groups, above all plant-based food (fruits, vegetables,
legumes, etc.). The amber color promotes a replacement of one specific food group by a
better option (e.g., refined cereals by whole grains). Finally, the red color recommends a
reduction in the consumption of particular food groups, generally red and processed meat,

133



Nutrients 2021, 13, 3131

salt, sugar, and alcohol. The dietary guidelines of Sweden, The Netherlands, France, and
Spain (GENCAT, Generalitat de Catalunya) used this graphic representation [19,22,23,28].

The nutritional circle, oval, or wheel as well as the plate were the next illustrations most
often used in the selected dietary guidelines. Germany, the United Kingdom, and Portugal
used the nutritional circle, oval, and wheel, respectively [20,21,24], whereas the United
States, China, and Finland included the plate model in their food guides [15–17]. Except
for the Finnish model, both types of graphic representations are divided into segments
with a different size, which reflects how different food groups should contribute towards
the total diet. Although both illustrations depict the relative weight of each food group,
the nutritional circle, oval, and wheel refer to the whole diet, while the plate represents a
single meal.

The pyramid model was used in the dietary guidelines of Finland and Spain (AESAN)
and it is divided in segments or steps according to the contribution of each food group
to the whole diet, so that the lower the level (close to the bottom level), the higher the
importance in the diet [17,26,27].

The Chinese and Swedish food guides included other illustrations not used in other coun-
tries, such as the pagoda and the abacus as well as the keyhole symbol, respectively [16,19].
The pagoda model is similar to the pyramid as the most important food groups are located
in the lower levels. The abacus is directed to children (8–11 years old) and it contains
6 rows with colored beads. Each food group is represented by a specific color, and the
number of beads in each row indicates the portions recommended [16]. The Italian food
guides do not include graphic representations [25].

Table 2 provides a summary of the illustrations used in the selected food guides.

Table 2. International overview of Food-Based Dietary Guidelines established in North America (United States), Asia
(China), and Europe (Finland, Norway, Sweden, United Kingdom, Germany, The Netherlands, France, Portugal, Italy, and
Spain). Adapted from [5,14].

Graphic
Representations

Country/Region

United
States

China Finland Norway Sweden
United

Kingdom
Germany The

Netherlands
France Portugal Italy *

Spain

AESAN GENCAT

Abacus X

Key messages
(e.g., traffic light) X X X X

Keyhole symbol X

Nutritional circle,
oval, or wheel X X X

Pagoda X

Plate X X X

Pyramid X X

* The Italian guidelines do not include graphical representations. X: information included in the National Dietary Guidelines.

Herforth et al. carried out an interesting review of the current FBDG whose informa-
tion was available in the repository of the FAO in order to evaluate the similarities and
differences in the key nutrition messages among countries, although they do not include
information about FBDG that use key messages as graphic representations of the food
groups [30]. In the present manuscript, a total number of 90 FBDG from different regions
of the world were finally selected and reviewed: Europe (33 FBDG), Latin America and the
Caribbean (27), Asia and the Pacific (17), Africa (7), Near East (4), and North America (2).
The results revealed that the illustrations most commonly used in the above-mentioned
FBDG were the pyramid and the circle or plate (39.7% and 26.9%, respectively). In addition,
this review was mainly focused on the Spanish dietary recommendations.

Soy milk in the food group “dairy products” (milk, yogurt, cheese, etc.) as an alterna-
tive of the above-mentioned products was only considered in the United States and the
United Kingdom. In addition, Norway was the only country that specifically recommended
the consumption of lean dairy products.
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3.2. Comparative Analysis of the Food Groups

The results from the comparative analysis of the selected national and international
food guides carried out by the authors of the present work are summarized in Table 3.

Table 3. Food groups and other important categories for which the international food guides have established dietary
recommendations.

Food Group

Country/region

United
States

China Finland Norway Sweden
United

Kingdom
Germany The

Netherlands
France Portugal Italy

Spain

AESAN GENCAT

Fruits X X X X X X X X X X X X X

Vegetables X X X X X X X X X X X X X

Starchy foods X X X X X X X X X X X X X

Legumes X X X X X X X X X X X X X

Nuts X X X X X X X X X X X X X

Soy products X X n.a. n.a. - - - - - - - - -

Dairy products X X X X X X X X X X X X X

Meat and
its products X X X X X X X X X X X X X

Fish X X X X X X X X X X X X X

Seafood X - - - X - - - - - X - X

Eggs X X X X X X X X X X X X X

Water and other
liquids (tea, etc.) X X X X X X X X X X X X X

Oil X X X X X X X X X X X X X

Salt X X X n.a. X X - X - X X X X

Sugar X X n.a. n.a. X - - - - - X - X

Alcohol X X n.a. n.a. X - - X X - X - -

Physical activity X X X X X X X X X X X X X

X: information included in the National Dietary Guidelines; n.a.: Information not available in the official English version of the National
Dietary Guidelines; -: food or food group not mentioned in the National Dietary Guidelines.

Focusing on plant-based food groups, it is important to highlight that the dietary
guidelines from Finland, Norway, Italy, and Spain (GENCAT) specifically recommended
the consumption of whole grains. In the rest of the countries (United States, China, Sweden,
United Kingdom, Germany, The Netherlands, France, Portugal, and Spain (AESAN)), it
was indicated that the consumption of whole products should be promoted versus the
consumption of refined ones. With respect to the soy products, advised consumption was
only recommended in the food guides of the United States and China.

Regarding the food groups of animal origin, all the selected dietary guidelines gener-
ally recommended reducing the consumption of meat, mainly red and/or processed meat.
The inclusion of seafood within the food group “fish” was only considered in the food
guides of the United States, Sweden, Italy, and Spain (GENCAT).

The consumption of virgin olive oil was particularly promoted in some of the countries,
except for the United States, China, The Netherlands, France, and Portugal. All the
reviewed dietary guidelines generally recommended reducing the intake of salt, simple
sugars, and alcohol, but only few countries suggested a maximum daily intake. Finally, the
performance of daily physical activity was promoted in all countries.

These results are in accordance with the studies by Montagnese et al. and Herforth et al. [30,31].
Montagnese et al. performed a comprehensive comparative analysis of the FBDG of
34 European countries. Although important differences among these dietary guidelines
were found due to geographical, social, and cultural factors, the great majority of the key
nutritional points were similar among countries (e.g., promotion of the consumption of
plant-based food such as fruits, vegetables, and cereals, and reduction of the consumption
of animal products, fats, sugars, and salt). Likewise, Herforth et al. reported that most of
the reviewed food guides recommended following a varied diet, with a clear predominance
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of plant-based food groups (fruits, vegetables, legumes) and a limited consumption of fat,
salt, and sugar. The recommendations related to nuts, dairy products, red meat, and oil
were more variable among countries. In addition, the consumption of nuts, whole grains,
and healthy fats was not promoted in all the countries despite the WHO recommendations.

3.3. Recommendations for Specific Food Groups: Established Daily Intakes

A more comprehensive comparative analysis of the selected food guides regarding
the specific recommendations established for each food group was carried out. Tables 4–6
summarize the most important findings of all the reviewed dietary guidelines (see Table 1
for references). It is important to highlight that the Italian dietary guidelines establish
various daily and weekly intakes for each food group according to three different caloric
intakes (1500, 2000, and 2500 kcal/day). In the present work, Italian recommendations will
be provided as a range of the three caloric intakes.

Fruits and vegetables are low-energy density foods whose regular consumption con-
tributes to a diversified and nutritious diet by providing a wide range of micronutrients,
such as minerals (mainly magnesium and potassium) and water-soluble vitamins (C and
B9 or folic acid), and bioactive compounds, when consumed fresh and uncooked. Dietary
fiber is another important bioactive compound in these food groups, with a general pre-
dominance of the soluble fraction (pectins, gums, mucilages) in fruits. Carotenoids without
provitamin-A activity are present in some fruits and vegetables; for instance, lycopene
(above all in watermelon and tomato) and zeaxanthin (especially in corn), among others [1].

Cereals, particularly whole grains, contain high quantities of insoluble dietary fiber
(cellulose, hemicellulose, lignin), whereas the soluble fraction of fiber is present in sig-
nificant amounts in oat. An adequate daily intake of cereals also provides soluble and
insoluble carbohydrates, B-group vitamins such as B1, B3, B6, and B9, and minerals such as
magnesium, zinc, calcium, and iron (especially in whole grains) [1].

Legumes are foods high in carbohydrates, fiber, and protein, with an important
nutritional value. Starch, stachyose, and raffinose represent the main carbohydrates in these
plant-based foods. Except for methionine (present in grains), legumes contain all amino
acids, including lysine, which is limited in cereals. For this reason, it is recommended to
combine the consumption of legumes and cereals in the same meal to increase its nutritional
value. Other important compounds present in legumes are vitamins (B1, B2, B3, B9, C,
carotenes) and minerals (calcium, magnesium, zinc, potassium, iron). Fruits, vegetables,
and cereals’ fat content is low. Legumes have a proper lipid profile as monounsaturated
and polyunsaturated fatty acids are the predominant ones [1,32,33].

Nuts (walnuts, almonds, hazelnuts, peanuts) are high-energy foods due to their
important quantity of fat (nearly 50%); however, the lipid profile is adequate as nuts
contain mostly monounsaturated and polyunsaturated fatty acids, such as linoleic acid.
The consumption of nuts also provides some vitamins (B6, E) and minerals (magnesium,
potassium) [1,3,34].

Focusing on the plant-based food groups (Table 4), all the reviewed dietary guidelines,
with the exception of the Swedish one, suggested specific recommendations for fruits and
vegetables. Norway, the United Kingdom, Germany, France, Italy, and Spain (AESAN
and GENCAT) recommended eating at least 5 servings/day. The Portuguese food guide
proposed a higher number of servings, as it recommended 3–5 servings/day for fruits
and 3–5 servings/day for vegetables; that is, a total of 6–10 servings/day counting both
food groups. China, Finland, and The Netherlands directly suggested specific amounts
(at least 200 g/day), instead of servings. In summary, all the selected dietary guidelines
promote the consumption of a great variety of fruits and vegetables, which contribute to
the maintenance of an appropriate health status. According to López-González et al., the
higher the quantity and variety in fruit and vegetables’ consumption, the better nutrient
adequacy and diet quality [35].
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Regarding the starchy foods (cereals, preferably whole grains, bread, pasta, rice, and
potatoes), Portugal proposed the highest amounts (4–11 servings/day) as well as the best-
described recommendations for this group by indicating household measurement for each
food product and its equivalent in grams. Italy established different servings for each food
item (daily amounts for bread and pasta/rice, and weekly intakes for breakfast cereals
and potatoes), France 1 portion/meal, and the Chinese, Dutch, and the Italian guidelines
provided a specific daily amount for starchy foods.

The food group with the lowest number of specific recommendations was soy products
(only two food guides: the United States and China), followed by nuts (five countries: the
United States, The Netherlands, France, Italy, and Spain (GENCAT)) and legumes (six food
guides: the United States, China, Portugal, Italy, and Spain (AESAN and GENCAT)). Spain
only established the frequency for legumes’ consumption (2–3 times/week in AESAN food
guide and 3–4 times/week in GENCAT food guide) but not a specific weekly amount.

Finally, it is important to underline that the only country that provided specific
recommendations for all the plant-based food groups was the United States, where
they are expressed as cup-equivalents (c-eq) and/or ounce-equivalents (oz-eq), where
1 ounce = 0.25 cup = 29.6 mL.

Regarding recommendations for foods of animal origin, most of the dietary guidelines
include milk, dairy products, fish, eggs, meat, and derivatives.

Milk is considered the most complete food item in terms of nutritional composition as
it contains all essential nutrients for humans except for dietary fiber, vitamin C, and iron.
Dairy products (yogurt, cheese, etc.) are an excellent option to achieve an adequate intake
of certain nutrients such as calcium, phosphorus, retinol, vitamin D, and vitamin B12 [1].

Fish are high-protein foods with important quantities of fat (polyunsaturated fatty
acids) in oily fish such as salmon, tuna, mackerel, sardines, and herring, among others.
Liver fish or blue fish are good sources of vitamin D for humans. Eicosapentaenoic and
docosahexaenoic acids (EPA and DHA), other vitamins (retinol, B12), and minerals (calcium,
potassium, zinc, iron, phosphorus, iodine, selenium) are present in fish as well [1,32,33].

Eggs contain important quantities of proteins of high biological value (albumin,
ovovitellin, etc.), vitamins D, E, B2, and B12, retinol, iron, and iodine. Water and pro-
teins are mainly contained in the egg white, whereas the yolk is high-fat (cholesterol) and
has significant amounts of vitamin D [1,3,34].

Meat and its derivatives are high-protein and high-fat foods with important quantities
of iron, zinc, retinol, and vitamins B1, B2, B3, B6, and B12; however, the lipid profile (in terms
of fatty acids) is not entirely adequate and lean meat is preferred. In addition, the content of
vitamins E and K is very low, and they do not contain dietary fiber, carbohydrates (except
for glycogen and lactose in processed meat), or vitamin C [1].

With regard to the recommended intake of foods of animal origin (Table 5), the
United States, France, and Portugal provided similar recommendations for dairy products
(3 cup-equivalents/day, 2 servings/day, and 2–3 servings/day, respectively). The Chinese,
Finnish, and Italian dietary guidelines recommended specific amounts for milk (300 g/day,
5–6 dL/day, and 125–375 mL/day, respectively) and for cheese, in the case of Finland
(2–3 slices of low-fat cheese/day) and Italy (300 g cheese/week). Norway, Sweden, the
United Kingdom, Germany, The Netherlands, and Spain have no specific recommendations
about daily intakes for dairy products. Spain (GENCAT) only established the frequency for
dairy products’ consumption (1–3 times/day) but not a specific daily amount. The weekly
recommendations for meat and its products, as well as for fish, were quite equal in China,
Finland, Sweden, and France (<500–525 g meat/week). China was the only country that
directly recommended the consumption of poultry or lean meat, and Italy provided differ-
ent weekly servings for lean and red meat. Norway, the United Kingdom, Germany, and
The Netherlands did not include specific amounts for fish, meat, and its products in their
national dietary guidelines. Food groups with the least number of recommendations were
seafood and eggs. Out of the thirteen selected dietary guidelines, only one (United States
food guide) included one specific recommendation for seafood (8 oz-eq/week) and four
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for eggs (United States, China, Portugal, and Italy). Spain (GENCAT) only established the
frequency for eggs’ consumption (3–4 times/week). Last but not least, the dietary guidelines
of the United States, Portugal, and Italy established one specific recommendation that covers
several food groups; that is, 26 oz-eq/week for meats, poultry, and eggs (United States),
1.5–4.5 servings/day for meat and fish (raw meat/fish = 30 g; cooked meat/fish = 25 g)
(Portugal), and 2–3 servings/week for fish and seafood (1 serving = 150 g) (Italy).

Water is fundamental for organism survival as it regulates temperature, protects
tissues and organs, allows nutrient absorption and transportation to cells, and other vital
bodily functions. For that reason, all national dietary guidelines selected in the present
study established recommendations related to water consumption, at least 1.2 L/day. The
recommendations of water and other liquids’ consumption were similar among countries.
China, the United Kingdom, Germany, Italy, and Spain (GENCAT) suggested a daily
consumption of at least 1.2 L/day; that is, between 5 and 8 cups/glasses of water. However,
it is important to highlight that in The Netherlands, the recommended daily intake was
established in just 3 cups of tea/day. This fact demonstrates once again the strong influence
of the cultural, social, and geographical factors.

Olive oil is one of the pillars of the Mediterranean Diet. It consists primarily of
oleic acid (C18:1, ω-9, cis) (80–90%), fatty acids such as linoleic acid (C18:2, ω-6, cis) and
palmitic acid (C16:0), and other bioactive compounds such as vitamin E (α-tocopherol),
phytosterols (especially β-sitosterol), and polyphenols (e.g., oleuropein, tyrosol) [32,33,36].
The dietary guidelines of the United States, China, Portugal, and Italy were the only ones
that recommend a specific daily intake of oil (27 g/day, <25–30 g/day, 10–30 g/day, and
20–40 mL/day, respectively).

Regarding salt consumption, most selected countries were in line with the WHO rec-
ommendations about the maximum daily intake (<5 g/day). The United States suggested
a slightly higher amount (<5.75 g/day), whereas China, Sweden, the United Kingdom, and
The Netherlands proposed the highest daily intake (<6 g/day). The United States, China,
Sweden, France, Italy, and Spain (GENCAT) proposed a maximum daily intake of sugar.
Another recommendation provided by some countries (United States, China, Sweden,
France, and Spain (GENCAT)) was related to the caloric intake from the consumption of
sugar, which should not exceed 10% of the total daily energy intake.

Finally, the consumption of alcohol was particularly limited in the food guides of the
United States, China, Sweden, The Netherlands, France, and Italy. Dutch guidelines had
the most restrictive limit, with the recommendation of no consumption (or not more than
1 glass/day, equivalent to 10 g of alcohol per day). This is followed by France (not everyone
should consume alcohol; <2 glasses/day ≈ 20 g alcohol/day), the United States, Sweden,
and Italy (<2 glasses/day in men ≈ 20 g alcohol/day; <1 glass/day in women ≈ 10 g
alcohol/day), and finally China with the highest limit (<25 g alcohol/day in men and <15 g
alcohol/day in women).

The dietary recommendations for water and other liquids, oil, salt, sugar, and alcohol
established by the selected international food guides are included in Table 6.

Based on previous considerations explained throughout the main text, the Scientific
Committee of AESAN has updated the dietary recommendations regarding each food
group for the Spanish population (Table 7), with the incorporation of portion sizes. Accord-
ing to Almiron-Roig et al., the establishment of adequate food portion sizes is essential to
avoid misunderstandings amongst consumers about the amounts of food that should be
consumed as well as to decrease their likelihood of overeating [37].
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Table 7. Dietary recommendations for each food group and other important categories proposed by the Scientific Committee
of AESAN. Adapted from [5].

Food Group Frequency of Consumption Weight of Each Serving

Fruits 3–5 servings/day
Sporadically substitute for juice

120–200 g of fresh fruit
150 mL of juice

Vegetables 2–4 servings/day
Combine different products (raw and cooked) 150–200 g

Starchy foods (preferably whole grains) Daily consumption
4–6 servings/day

40–60 g of bread

60–80 g of pasta, rice

Legumes 2–4 servings/week 50–60 g

Nuts Weekly, several times 20–30 g
No salt added

Dairy products Daily consumption
2–4 servings/day

200–250 mL of milk

80–125 g of fresh cheese
40–60 g of mature cheese

125 g of yogurt, and other fermented
milks, with no added sugar

Meat and its products
2–4 servings/week

Preferably chicken or rabbit meat
No more than 2 servings of red meat/week

100–125 g

Fish/seafood At least 2 servings/week
1–2 servings of oily fish/week 125–150 g

Eggs 2–4 eggs/week Medium size (53–63 g)

Water 1.5–2.5 L/day 200–250 mL

Virgin olive oil Daily consumption
Preferably raw 10 mL

Salt
<5 g salt/day = 2 g sodium/day

Do not add during cooking
Avoid food with added salt

-

Sugar <30 g/day
Avoid foods with added sugar 5–10 g

4. Conclusions

All the reviewed dietary guidelines provided recommendations for the following food
groups: fruits, vegetables, starchy foods (cereals, preferably whole grains, bread, pasta, rice,
potatoes), legumes, nuts, milk and dairy products (yogurt, cheese), meat and derivatives,
fish, eggs, water, and oil (vegetable oils, most importantly virgin olive oil).

Spanish dietary recommendations proposed by the Scientific Committee of AESAN
include a varied and balanced diet characterized by a predominance of plant-based
foods and moderate consumption of foods from animal origin. That is, 3–5 servings
of fruits/day (it could occasionally be replaced by juice), 2–4 servings of vegetables (raw
and cooked)/day, 4–6 servings of cereals/day (preferably whole grains), 2–4 servings of
legumes/week, 2–4 servings of milk and dairy products/day, ≥2 servings of fish/week
(if possible, 1–2 servings oily fish/week), 2–4 eggs/week, and 2–4 servings of meat/week,
preferably chicken or rabbit, and consumption of red meat must not exceed 2 servings/week.
Consumption of nuts without added salt as well as virgin olive oil (preferably raw) is
recommended as well. Finally, 1.5–2.5 L of water/day should be consumed, and daily
intakes of salt and sugar must not exceed 5 and 30 g, respectively.

The present work provided a valuable international overview of twelve food-based
dietary guidelines from three different continents (Asia, North America, and Europe).
This selection includes dietary guidelines from diverse cultures and traditions directly
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linked to their eating habits and patterns; however, a more comprehensive comparative
analysis including more Food-Based Dietary Guidelines approved in other countries and
geographic regions around the world could be addressed in future works based on the
results of the present study.
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Abstract: Few Australians consume a healthy, equitable and more sustainable diet consistent with the
Australian Dietary Guidelines (ADGs). Low socioeconomic groups (SEGs) suffer particularly poor
diet-related health problems. However, granular information on dietary intakes and affordability of
recommended diets was lacking for low SEGs. The Healthy Diets Australian Standardised Affordabil-
ity and Pricing protocol was modified for low SEGs to align with relevant dietary intakes reported
in the National Nutrition Survey 2011–2012(which included less healthy and more discretionary
options than the broader population), household structures, food purchasing habits, and incomes.
Cost and affordability of habitual and recommended diets of low SEGs were calculated using prices
of ‘standard brands’ and ‘cheapest options’. With ‘standard brands’, recommended diets cost less
than habitual diets, but were unaffordable for low SEGs. With ‘cheapest options’, both diets were
more affordable, but recommended diets cost more than habitual diets for some low SEGs, potentially
contributing to perceptions that healthy food is unaffordable. The study confirms the need for an
equity lens to better target dietary guidelines for low SEGs. It also highlights urgent policy action is
needed to help improve affordability of recommended diets.

Keywords: diet cost; diet affordability; low socioeconomic; low income; healthy eating; dietary
guidelines; Australia

1. Introduction

There is an urgent need for food system transformation to produce healthy, equitable
and more environmentally sustainable diets for all people [1,2]. Poor diet is a leading
contributor to the burden of disease in Australia [3,4]. Fewer than 4% of Australians
consume a healthy, equitable and more sustainable diet consistent with the Australian
Dietary Guidelines (ADGs) [5,6]. More than one-third of adults’ and more than 40% of
children’s energy intake comes from “discretionary” food and drinks. These discretionary
food and drinks are not needed for health and are high in saturated fat, added sugar, salt
and/or alcohol [6]. Low socioeconomic groups (SEGs) suffer poorer diet-related health
problems than the broader population, including higher rates of chronic disease such as
diabetes, heart disease, and some cancers [7–9].

1.1. Key Considerations in Understanding Determinants of Inequitable Dietary Patterns

A recent systematic review of habitual dietary intake of low SEGs in Australia found
that while total diet quality is generally lower in low SEGs compared to higher SEGs,
findings were inconsistent across studies for all reported food groups and SEG measures
due to variation between study metrics, definitions, dietary assessment methods, and
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granularity of analysis [10]. Most often, intakes of fruits and vegetables were used as
markers of a healthy diet [10]. Quantitative intakes of ADG food groups by SEGs were
reported rarely, and were not available readily from national survey data [5].

The inequities of healthy eating are complex, and strongly influenced by environ-
mental, economic and social determinants [11]. The affordability of healthy food has been
identified as a key leverage point in models of inequitable healthy eating, and is influenced
by both household income and the cost of healthy food and drinks [12]. However, the
relative cost of healthy and unhealthy food and drinks must be considered within the
context of dietary patterns, rather than as individual components [13].

1.2. Food Habits and Incomes of Low SEGs

Low SEGs implement various food purchasing strategies to stretch the food budget.
Low income households purchase a higher proportion of ‘own brand’ (also called generic
brand, private label or home brand) products compared to higher income households [14].
The number of ‘own brand’ products in major Australian supermarket chains has been
increasing [15] and purchasing those alternatives can deliver large cost savings [16]. The
number of ‘budget’ supermarkets in Australia has also been increasing, providing a popular
source of low cost groceries [15]. Additionally, household expenditure surveys have shown
that low income households spend less on eating out and takeaway foods than higher
income households: purchase of convenience foods from supermarkets by low SEGs
approximates that of foods consumed away from home by high SEGs [17].

Two-thirds (65%) of households in the lowest household income quintile in Australia
report government pensions and allowances as their main source of income [18]. Assess-
ment of healthy food affordability for households receiving a low income or reliant on
payments such as unemployment benefits or aged pension will highlight the inequities
faced by these vulnerable groups.

1.3. The Healthy Diets ASAP Protocol

In Australia, there was an urgent need for comparable food cost and affordability data
to inform fiscal policy from a health perspective. A previous review identified 11 different
methods that had been used in Australia and there was a lack of comparability across all
metrics, with approaches rarely fully aligned with recommendations of the ADGs, and only
one attempted comparison with the cost of a typical diet. [19]. The Healthy Diets Australian
Standardised Affordability and Pricing (ASAP) method protocol was developed to compare
the cost, cost differential and affordability of habitual (current, typically unhealthy) and
recommended (healthy, equitable and more sustainable) omnivorous diets for the mean
population in Australia [20].

This standardised approach includes a five-part protocol:

1. Habitual (current, unhealthy) and recommended (healthy, equitable, more sustainable)
diet pricing tools, including foods commonly consumed by the Australian population,
for reference households

2. Store location and sampling
3. Food and drink price data collection
4. Calculation of median household income, and low-income household income (mini-

mum wage plus welfare payments) for the reference households
5. Analysis and reporting

The types and amounts of the food and drinks in the habitual diet pricing tool were
sourced from mean dietary intakes reported by reference household members in the
most recent national survey [21]. The recommended diet pricing tool includes those
healthy food and drinks in the habitual diet pricing tool, in higher quantities reflecting
ADG recommendations. Recommended diets in Australia promote health and wellbeing,
are equitable [6] and are more environmentally sustainable with modelling reporting
generation of 25% less greenhouse gas emissions, than habitual diets [22].
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Implementation of the protocol has shown that, under present fiscal policy settings in
Australia where basic healthy food and drinks do not incur the 10% Goods and Service
Tax (GST), healthy diets are between 16–24% less expensive than habitual diets but are still
unaffordable for many Australians. [23–25]

Consultations with academic, government and non-government organisations to
inform development of the Healthy Diets ASAP protocol for the mean population noted
requests to also develop methods specific to low socioeconomic and other groups [20].
The protocol was modified subsequently to reflect dietary intakes and circumstances of
Aboriginal and Torres Strait Islander peoples, which resulted in a more sensitive tool to
describe the cost and affordability of habitual and recommended diets in these population
groups [23].

Modification of the Healthy Diets ASAP protocol for low SEGs would provide more
granular evidence to better target dietary guidelines for low SEGs and inform policies
and practices to help low SEGs purchase and consume healthy diets and improve diet-
related health. Improved health outcomes for low SEGs may result in reduced health costs,
improved workforce and social participation, improved education outcomes for children,
and reduced social inequality [9].

The aim of this study was twofold: (i) to modify the relevant components of the
original Healthy Diets ASAP protocol to accommodate habitual dietary intakes, household
structures, food purchasing habits, and income sources and amounts, of low SEGs in
Australia; and (ii) to test the low SEG Healthy Diets ASAP protocol to assess the cost, cost
differential and affordability of habitual and recommended diets for low SEG households
in Australia.

2. Materials and Methods

2.1. Development of the Healthy Diets ASAP Protocol for Low SEGs in Australia

As relevant quantitative habitual dietary intake data were not available (as noted
above) reported dietary intakes of individuals in low SEGs from the most recent Australian
Health Survey National Nutrition and Physical Activity Survey (AHS NNPAS) in 2011–
2012 were used to modify the habitual diet pricing tool [26]. The recommended diet
pricing tool did not require modification, as healthy, equitable and more sustainable dietary
recommendations are similar for all Australians [6]. The modified pricing tools were tested
iteratively and results informed development of the low SEG protocols. The methods and
results for the tools and testing are reported separately.

2.1.1. Selection of SEG Measure

Household income was used as the indicator of SEG in this study, as this metric reflects
household resources to purchase food, and is available for all persons surveyed in the AHS
NNPAS. When examining categories of income, low sample numbers within subcategories
in the AHS NNPAS (see Table S1) dictated use of income quintiles, rather than the deciles
reported publicly [21]. Low SEGs were defined as those in the lowest income quintile.

2.1.2. Selection of Low SEG Reference Households

Three common household compositions among low SEGs in Australia comparable
with households in the Healthy Diets ASAP protocol [18] were included. Additionally, to
account for low sample numbers within age subcategories in the AHS NNPAS (Table S1),
the original included age range for the children was expanded. The low SEG reference
households were:

• Household A: Two adults (female 31–50 years, male 31–50 years) and two children
(boy 14–18 years, child 4–8 years)

• Household B: One adult (female 31–50 years) and two children (boy 14–18 years, child
4–8 years)

• Household C: Older, retired couple (female 70+ years, male 70+ years)
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2.1.3. Modification of the Habitual Diet Pricing Tool for Low SEGs

Dietary intake was collected in the AHS NNPAS [21] using 24-h dietary recall. The
Confidential Unit Record Files of the AHS NNPAS were assessed and analysed to determine
mean intake of food and drinks of members of the reference households, by age, gender,
and household income quintile. The mean intakes of all food and drinks for the lowest
income quintile for each reference household (sum of mean intakes of household members)
were then mapped to the 75 representative food and drinks of the habitual diet pricing tool
(Table S2). The low SEG habitual diet pricing tool was analysed for energy content using
the FoodWorks 9th Edition computer program [27].

2.1.4. Modification of the Store Location and Sampling Methods for Low SEGs

For the store location and sampling methods, ‘budget’ supermarkets (e.g., ALDI®

stores), were included, in addition to the major supermarkets and other food outlets of the
original Healthy Diets ASAP protocol.

2.1.5. Modification of the Price Collection Methods for Low SEGs

In the low SEG price collection methods, prices were collected for the most commonly
purchased brands in Australia as a whole (‘standard brands’), as per the original Healthy
Diets ASAP protocol, and prices were also collected for the ‘cheapest option’ available,
usually an ‘own brand’ product. As non-packaged produce such as fruit, vegetables, and
meats are not branded, these items were selected by type alone and the same prices were
included in both ‘standard brands’ and ‘cheapest option’ price collections.

2.1.6. Household Income Calculations for Low SEGs

The low-minimum disposable household income of the original Healthy Diets ASAP
protocol was calculated including minimum wage rates [28], tax payable [29] and any
applicable welfare payments [30], and this was retained for the low SEG protocol. A
welfare dependent household income, calculated to include only welfare payments such as
unemployment benefits, was added to the low SEG protocol.

2.1.7. Modification of the Analysis and Reporting Methods for Low SEGs

The analysis and reporting component of the low SEG Healthy Diets ASAP protocol
was modified to include additional calculation of costs and affordability using the ‘cheapest
option’ price collection. Costs for habitual and recommended diets were reported as total
cost and cost of each ADG food group or food group component, for the ‘standard brands’
and ‘cheapest option’ price collections.

The cost of ‘healthy’ food in the habitual diet was the sum of costs of those foods and
drinks listed in the recommended diet together with artificially sweetened drinks. The cost
of ‘discretionary’ food and drinks in the habitual diet was the sum of costs of those food
and drinks not included in the recommended diet.

Diet costs were deemed unaffordable if they were more than 30% of household in-
come [31]. If diet costs were more than 25% of disposable household income, the household
was considered to be in food stress [32,33].

2.2. Testing the Healthy Diets ASAP Protocol for Low SEGs in Australia
2.2.1. Food and Drink Price Collection

To test the low SEG protocol, food and drink prices were collected in June 2020 from
one conveniently sampled Statistical Area 2 (SA2) in Brisbane, Queensland, Australia,
using the Healthy Diets ASAP web-based data collection portal [34]. Due to restrictions
related to the SARS-CoV-2 pandemic at the time, the majority of food and drink prices
were collected online from two major supermarket and liquor store chains. Food and
drink prices at a budget supermarket (ALDI®) and prices from other stores included in
the original protocol (independent bakery, fish and chip store, burger restaurant chain
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store, and pizza chain store) were collected in-store as these were unavailable online. Prices
collected included both ‘standard brands’ and ‘cheapest option’ packaged products.

2.2.2. Data Analysis

Data analysis was conducted using algorithms with the following steps: item prices
and sizes were entered into the Healthy Diets ASAP web-based data collection portal; prices
were converted to price per gram or millilitre, adjusted by an edible portion factor (to
account for cooking or inedible parts), and then multiplied by the amount consumed by the
reference household per fortnight as per the diet pricing tools. Individual food and drink
prices were then summed to provide a total cost for each ADG food group or food group
component, and the total diet cost per household per fortnight. Diet costs were calculated
based on the ‘standard brands’ price collection (from major supermarkets) and the ‘cheapest
option’ price collection (from major supermarkets and the budget supermarket) for each of
the three low SEG households.

Household income was calculated in two different ways where relevant for each of the
three low SEG households: (i) for those on a welfare only income, and (ii) for those working
age adults on a minimum wage-based income. Detailed calculations of the household
incomes are included in Table S3. Affordability of both habitual and recommended diets
was calculated for each household and relevant income levels.

3. Results

3.1. The Low SEG Healthy Diets ASAP Protocol

The components of the original Healthy Diets ASAP protocol and the low SEG Healthy
Diets ASAP protocol are shown in Table 1, with further details below.

Table 1. Components of the original Healthy Diets ASAP protocol and the Low SEG Healthy Diets ASAP protocol.

Protocol Component Original Healthy Diets ASAP Protocol Low SEG Healthy Diets ASAP Protocol **

Reference households

Household A:
Adult male (31–50 years), Adult female (31–50 years),
Boy (14 years), Girl (8 years)
Household B:
Adult female (31–50 years), Boy (14 years), Girl (8
years)
Household C:
Senior male (71+ years), Senior female (71+ years)

Household A:
Adult male (31–50 years), Adult female (31–50 years),
Boy (14–18 years), Child (4–8 years)
Household B:
Adult female (31–50 years), Boy (14–18 years), Child
(4–8 years)
Household C:
Senior male (71+ years), Senior female (71+ years)

Habitual (current, unhealthy) diet
pricing tool

Mean dietary intakes reported by specific age and
gender individuals in AHS NNPAS, abridged and
combined to provide household diet per fortnight

Mean dietary intakes reported by specific age and
gender individuals of lowest household income
quintile in AHS NNPAS, abridged and combined to
provide household diet per fortnight

Recommended (healthy, equitable,
sustainable) diet pricing tool

Healthy food and drinks included in Habitual diet
pricing tool in amounts reflecting ADG.

Healthy food and drinks included in Habitual diet
pricing tool in amounts reflecting ADG.

Store location and sampling
methods Major supermarkets and other food outlets Major supermarkets, budget supermarkets and other

food outlets

Food and drink price data
collection methods

Prices collected of non-packaged items and
packaged products of major Australian brands

Standard brand price collection: prices collected of
non-packaged items and packaged products of major
Australian brands
‘Cheapest options’ price collection: prices collected
of non-packaged items and packaged products of
cheapest equivalent of standard brand product
(including ‘own brands’)

Household income calculation
methods

Median gross household income of area sampled
Low-minimum disposable household income

Low-minimum disposable household income
Welfare dependent household income

Analysis and reporting methods Cost and affordability of habitual and recommended
diets reported

Cost and affordability of habitual and recommended
diets reported for both ‘standard brand’ price
collection and ‘cheapest option’ price collection.

** Key changes from the Original Healthy Diets ASAP Protocol are highlighted in bold italics.
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3.1.1. The Low SEG Habitual Diet Pricing Tools

Details of the low SEG habitual diet pricing tool for Household A (two adults, two
children) are shown in Table 2, together with the composition of the original Healthy Diets
ASAP habitual diet pricing tool. Equivalent data for Households B (one adult, two children)
and C (older, retired couple) are presented in Table S4A,B.

Table 2. Composition of original Healthy Diets ASAP habitual diet pricing tool for mean Australian population and Low
SEG Healthy Diets ASAP habitual diet pricing tool, and recommended diet pricing tool, for Household A (two adult, two
children).

Food Item

Habitual Diet (g/Fortnight)
Recommended Diet

(g/Fortnight)

Original Healthy
Diets ASAP

Low SEG Healthy
Diets ASAP

Original Healthy
Diets ASAP

Energy (kJ/day) 33,602 kJ 32,517 kJ 32,996 kJ

Water

Water, bottled (mL) 5296 3485 (34% < Original) 5296

Fruit

Apples (g) 3497 3638 5460
Bananas (g) 899 795 5460
Oranges (g) 1664 971 5460

Fruit salad, canned in juice (g) 2046 1544 0
Total Fruit (g) 11,133 9614 (14% < Original) 16,380

Vegetables and Legumes

Potato, loose (g) 1460 1844 2320
Broccoli, loose (g) 422 389 1470

White cabbage, loose (g) 235 175 1470
Iceberg lettuce, whole (g) 795 704 1470

Carrot, loose (g) 753 618 2205
Pumpkin (g) 240 330 2205

Onion, loose (g) 84 106 1638
Tomatoes, loose (g) 488 654 1638

Sweetcorn, canned (g) 206 216 1160
Four bean mix, canned (g) 74 61 1005
Diced tomatoes, canned (g) 235 175 1638

Baked Beans, canned (g) 369 237 1005
Frozen mixed vegetables (g) 1184 746 1638

Frozen peas (g) 273 334 1638
Total Vegetables and Legumes (g) 7584 7136 (6% < Original) 22,500

Grain (Cereal) Foods—Wholegrain and Refined

Wholemeal bread, pre-packaged (g) 1054 870 4272
White bread, pre-packaged (g) 3033 3001 893

Rolled oats (g) 870 578 6648
Breakfast cereal, corn flakes (g) 680 509 670

Breakfast cereal, wheat biscuits (g) 430 243 2216
White pasta (g) 1326 988 2042
White rice (g) 1622 1904 2042

Dry wheat crackers, water crackers (g) 258 89 781
Total Grain (Cereal) Foods (g) 9393 8336 (11% < Original) 19,564
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Table 2. Cont.

Food Item

Habitual Diet (g/Fortnight)
Recommended Diet

(g/Fortnight)

Original Healthy
Diets ASAP

Low SEG Healthy
Diets ASAP

Original Healthy
Diets ASAP

Lean Meats and Poultry, Fish, Eggs, Nuts and Seeds

Tuna, canned in oil (g) 1052 760 1841
Beef mince, lean (g) 267 163 1168
Lamb loin chops (g) 257 333 1169
Beef rump steak (g) 1056 1042 1172

Eggs (g) 872 884 2208
Chicken, cooked whole (g) 1661 1093 1471

Peanuts, roasted, unsalted (g) 0 0 780
Total Lean Meats and Poultry, Fish, Eggs, Nuts and

Seeds (g) 5931 4822 (19% < Original) 9809

Milk, Yoghurt, Cheese and Alternatives

Cheddar cheese, full fat (g) 624 682 704
Cheddar cheese, reduced fat (g) 44 49 516

Milk, full fat (mL) 5961 7301 6438
Milk, reduced fat (mL) 2929 1839 12,000
Flavoured milk (mL) 2416 2187 0

Yoghurt, full fat, plain (g) 204 101 2576
Yoghurt, flavoured reduced fat (g) 676 722 5100

Total Milk, Yoghurt, Cheese and Alternatives (g) 12,854 12,881 (0.2% > Original) 27,334

Unsaturated Oils and Spreads (or foods from which these are derived)

Sunflower oil (mL) 7 15 291
Olive oil (mL) 7 15 291

Canola margarine (g) 170 197 412
Total Unsaturated Oils and Spreads (g) 184 227 (23% > Original) 994

Discretionary Choices—other

Chicken soup, canned (g) 1340 2219 0
Muffin, commercial (g) 1455 922 0

Instant noodles, wheat based (g) 381 227 0
White sugar (g) 566 714 0

Cream-filled sweet biscuit, pre-packaged (g) 496 628 0
Muesli bar, pre-packaged (g) 373 339 0

Savoury flavoured biscuits (g) 222 207 0
Nuts, mixed, salted (g) 255 262 0

Confectionary (g) 418 396 0
Chocolate (g) 441 359 0

Potato crisps, pre-packaged (g) 518 650 0
Salad dressing (g) 277 211 0
Tomato sauce (g) 569 511 0
Beef sausages (g) 1047 1036 0

Butter (g) 280 195 0
Ham (g) 189 143 0

Frozen lasagne, pre-packaged (g) 4322 3684 0
Fish fillet crumbed, pre-packaged (g) 302 433 0

Ice cream (g) 1830 1307 0
Total Discretionary Choices—other (g) 18,308 17109 (7% < Original) 0

Alcoholic Drinks

Beer, full strength (mL) 4661 5060 0
White wine, sparkling (mL) 863 546 0

Whisky (mL) 266 453 0
Red wine (mL) 1078 519 0

Total Alcoholic Drinks (mL) 6868 6578 (4% < Original) 0
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Table 2. Cont.

Food Item

Habitual Diet (g/Fortnight)
Recommended Diet

(g/Fortnight)

Original Healthy
Diets ASAP

Low SEG Healthy
Diets ASAP

Original Healthy
Diets ASAP

Takeaway foods

Pizza, commercial (g) 1182 1800 0
Meat pie, commercial (g) 1638 1554 0

Hamburger, commercial (g) 2413 2710 0
Potato chips, commercial (g) 670 833 0

Total Takeaway Foods (g) 5903 6897 (17% > Original) 0

Sugar sweetened beverages

Sugar-sweetened soft drink (mL) 12,012 16,288 (36% > Original) 0

Artificially sweetened drinks

Artificially sweetened soft drink (mL) 2390 1406 (41% < Original) 0

Items allocated to more than one food group

Sandwich, pre-made, white bread, chicken, and
salad * (g) 361 462 360

Canned meat and vegetable casserole ** (g) 1291 786 0
Orange fruit juice *** (mL) 6053 5331 0

* Divided equally between Grains etc, Lean meats etc, and Vegetables; ** Divided equally between Lean meats etc and Vegetables; ***
Divided equally between Fruit and Discretionary choices—other.

The habitual diets of low SEG Households A, B and C provided 97%, 98% and 99%
respectively of the energy content of habitual diets for the mean Australian population
(that is, as described in the original Healthy Diets ASAP protocol) (Table 2 and Table S4A,B),
and 99%, 99% and 98%, respectively, of the total energy intake reported by members of
these households in the AHS NNPAS [21]. The energy content of the habitual diets of low
SEG Households A, B and C provided 99%, 99% and 95% respectively of the energy content
of the recommended diets for the same households (Table 2 and Table S4A,B).

Overall, energy derived from healthy food and drinks in the habitual diets of low
SEGs was 10%, 11% and 3% lower, respectively, for Households A, B, and C than habitual
diets of the mean population (Table 2). Energy derived from discretionary food and drinks
in the habitual diets of low SEGs was 2% higher, 6% higher and no different, respectively
for Households A, B, and C, than habitual diets of the mean population.

Compared to habitual diets of the mean population, habitual diets of low SEGs
included, by weight, for Households A, B and C respectively: 14%, 14% and 8% less
fruit; 6%, 13% and 4% less vegetables and legumes; 11% less, 14% less and 10% more
grain (cereal) foods, and 19%, 17% and 6% less lean meats, poultry, fish, eggs, nuts, and
seeds (“lean meats etc.”). However, habitual diets of low SEGs included, by weight, for
Households A, B and C respectively: 17%, 21% and 5% more takeaway foods; 36% more,
58% more and 2% less sugar sweetened beverages (SSBs); and 41%, 60% and 27% less
artificially sweetened soft drinks than habitual diets of the mean population (Table 2 and
Table S4A,B).

3.1.2. Price Collection

When the food price collection methods were modified to accommodate ‘cheapest
option’ items in the low SEG protocol, the revised wording for data collection was: “When
collecting the ‘cheapest option’ prices, the price of the cheapest equivalent product (selected
from all brands including ‘own brands’) in the specified size is collected. For the items pie,
pizza, and chips, usually sourced from other stores, the price of a frozen equivalent item
from the supermarket is collected, selecting the cheapest option from all brands, including
‘own brands’, in the specified size. The takeaway burger item should be priced from the
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burger restaurant as per the original protocol. If the specified size is not available, choose
the nearest larger size. If a larger size is not available, choose the nearest smaller size.”
Testing the low SEG protocol showed that including ‘cheapest option’ products resulted in
marked cost reductions compared to the ‘standard brands’ products. Of the 60 packaged
foods priced in supermarkets and discount supermarkets, 52 (87%) were an ‘own brand’
equivalent, five (8%) were a ‘cheapest brand’ equivalent, and three (5%) were ‘standard
brands’.

3.1.3. Modifications of Sources and Amounts of Household Income

The welfare dependent household income and low-minimum disposable household in-
come amounts for each reference household, and the assumptions made in their calculation
for the low SEG protocol, are shown in Table S5.

3.2. Testing of the Low SEG Healthy Diets ASAP Protocol

The costs of habitual and recommended diets for the three reference households,
calculated by application of the low SEG protocol for both ‘standard brands’ and ‘cheapest
options’, and the costs calculated by application of the original Healthy Diets ASAP
protocol (mean population intakes), are shown in Figure 1, and detailed below.

Figure 1. Costs of habitual and recommended diets for mean population and low SEG reference households (using ‘standard
brands’ and ‘cheapest options’) per fortnight. Error bars reflect standard errors. y = years.

Detailed costs of the component food groups of habitual and recommended diets,
for the mean population and low SEG reference households per fortnight, are shown in
Table S6A–C.

3.2.1. Comparison of Habitual and Recommended Diet Costs Determined by the Low SEG
Protocol and the Original Healthy Diets ASAP Protocol Using ‘Standard Brands’
Comparison of Total Costs of Diets Calculated by the Low SEG Protocol and the Original
Healthy Diets ASAP Protocol

When ‘standard brands’ were priced, the total costs of the habitual diets of low SEGs
were 1% lower ($11 per fortnight) for Household A, 3% higher ($16 per fortnight) for
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Household B, and 4% lower ($13 per fortnight) for Household C, than habitual diet costs
for the mean population (Figure 1). As the recommended diet pricing tool was the same,
the cost of the recommended diet for low SEGs and the mean population was also the same.

Comparison of Diet Costs of Food Groups and Food Group Components Calculated by the
Low SEG Protocol and the Original Healthy Diets ASAP Protocol

When ‘standard brands’ were priced, the healthy food and drink costs of the habitual
diets of low SEG were 11% ($36 per fortnight) lower for Household A, 10% ($22 per
fortnight) lower for Household B and 6% ($10 per fortnight) lower for Household C, than
healthy food and drink costs for the mean population. The discretionary food and drink
costs of the habitual diets of low SEG were 6% higher ($25 per fortnight) for Household
A, 13% higher ($38 per fortnight) for Household B, and 1% lower ($2 per fortnight) for
Household C than the discretionary food and drink costs of the mean population (Figure 1).
Costs in habitual diets of low SEGs for fruit, vegetables and legumes; grain (cereal) foods;
lean meats and poultry, fish, eggs, nuts and seeds; and artificially sweetened soft drinks,
were lower, and costs for: takeaway foods and SSBs were higher than costs for the mean
population, in all low SEG households. (Table S6A–C).

Comparison of Habitual Diet and Recommended Diet Costs

When ‘standard brands’ were priced, the cost of the recommended diet was less
expensive than the habitual diets of low SEGs, by 17% ($124 per fortnight) for Household
A, 10% ($53 per fortnight) for Household B, and 4% ($13 per fortnight) for Household C
(Figure 1).

Proportion of Total Habitual Diet Costs Spent on Discretionary Food and Drinks

When ‘standard brands’ were priced, the proportion of the food budget of low SEGs
spent on discretionary items was 63% ($470 per fortnight) for Household A, 63% ($324 per
fortnight) for Household B, and 50% ($157 per fortnight) Household C (Figure 1).

3.2.2. Habitual Diet Cost Differences between ‘Standard Brands’ and ‘Cheapest Options’

When ‘cheapest options’ were priced instead of ‘standard brands’, the cost of habitual
diets of low SEGs reduced by around 36%, and the cost of the recommended diets reduced
by around 31%. (Figure 1). When ‘cheapest options’ were priced instead of ‘standard
brands’, the cost of the recommended diet was 10% less ($48 per fortnight) for Household
A, 2% more ($7 per fortnight) for Household B, and equal cost to the habitual diet for
Household C.

3.2.3. Affordability of Habitual and Recommended Diets Using ‘Standard Brands’ and
‘Cheapest Options’

The affordability of habitual and recommended diets for mean population and low
SEG reference households (using ‘standard brands’ and ‘cheapest options’ prices) are
shown in Figure 2. Affordability of the diets are shown for Households A and B at two
calculated household incomes: a low-minimum disposable and a welfare only income, and
for Household C, at a calculated welfare only income (as both members of this household
are retired and not receiving employment income).
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Figure 2. Affordability of habitual and recommended diets for mean population and low SEG reference households
receiving welfare only and minimum wage incomes (using ‘standard brands’ and ‘cheapest options’). y = years.

Affordability of Habitual and Recommended Diets for Household A (Two Adults, Two
Children)

For Household A receiving the low-minimum disposable income, when ‘standard
brands’ were priced, habitual diets of low SEGs cost 32% of household income. Recom-
mended diets cost 27% of household income. When purchasing ‘cheapest options’ habitual
diets of low SEGs and recommended diets required 20% and 18%, respectively of the
low-minimum household income (Figure 2).

For Household A receiving a welfare only income, when ‘standard brands’ were
priced, habitual diets of low SEGs cost 43% of household income (Figure 2). Recommended
diets required 36% of the welfare household income. If the household purchased ‘cheapest
options’, habitual and recommended diets required 28% and 25%, respectively of the
welfare household income (Figure 2).

Affordability of Habitual and Recommended Diets for Household B (One Adult, Two
Children)

For Household B receiving the low-minimum disposable income, when ‘standard
brands’ were priced, habitual diets of low SEGs cost 27% of household income. Rec-
ommended diets cost 24% of household income. When purchasing ‘cheapest options’,
habitual and recommended diets required 16% and 17%, respectively, of the low-minimum
disposable income (Figure 2).

For Household B receiving a welfare only income, when ‘standard brands’ were priced,
habitual diets of low SEGs cost 37% of the welfare household income. Recommended diets
required 33% of the welfare household income. When ‘cheapest options’ were purchased,
both the habitual diet and the recommended diet required 23% of the welfare household
income (Figure 2).
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Affordability of Habitual and Recommended Diets for Household C (Older, Retired
Couple)

For Household C on a welfare only income, when ‘standard brands’ were priced,
habitual diets of low SEGs cost 20% of the welfare household income. Recommended
diets also required 20% of the welfare household income. When ‘cheapest options’ were
purchased, habitual and recommended diets required 14% and 13%, respectively, of the
welfare household income (Figure 2).

4. Discussion

4.1. Summary of Findings

Development and testing of the low SEG Healthy Diets ASAP protocol showed that
overall energy content and cost of habitual diets for each reference low SEG household
was similar to that of the corresponding mean population reference households (assessed
by the original Healthy Diets ASAP protocol). However, in the habitual diets of low SEGs
a higher proportion of energy, and cost, was derived from discretionary food and drinks,
particularly SSBs and takeaway foods, with a corresponding decrease in energy and cost
derived from healthy food and drinks and artificially sweetened beverages.

The habitual diet was more expensive than the recommended diet for all three low
SEG reference households when ‘standard brands’ were purchased. However, when the
‘cheapest options’ were purchased instead of ‘standard brands’, habitual diets of low SEGs
cost the same as recommended diets for Household C (older, retired couple), became
less expensive than recommended diets for Household B (one adult, two children), but
remained more expensive than recommended diets for Household A (two adults, two
children).

For recommended diets to be affordable (<30% of disposable income) for Households
A and B receiving a minimum wage income, it was necessary to employ strategies such
as purchasing ‘cheapest option’ products. When Households A and B were reliant upon
welfare benefits, affording recommended diets would be even more challenging. Recom-
mended diets for Household C receiving a welfare only income would be more affordable
than the other households on a welfare only income.

4.2. Differences between Habitual Diet of Low SEGs and the Mean Population

When ‘standard brands’ were priced, the habitual diet of low SEGs was more expen-
sive than recommended diets, consistent with the findings of previous applications of the
original Healthy Diets ASAP protocol [23,25,35]. This is partially due to exemption of basic,
healthy food and drinks from GST in Australia [36].

Total diet costs and affordability of habitual diets priced using ‘standard brands’ were
similar for low SEGs and the mean Australian population. However, analysis of each
food group showed lower cost contributions from healthy food and drinks, and higher
cost contributions from discretionary food and drinks in the habitual diets of low SEGs
compared to those of the mean population. These cost differences reflect dietary intake
differences between low SEGs and the mean Australian population, as captured in the
respective diet pricing tools. Such variation may relate to differing perceptions that healthy
foods are too expensive, lack of food preparation time and resources among different
SEGs, and higher promotion of unhealthy foods in the food environment in low SEG
areas [2,11,37,38]. Additionally, many complex social barriers affect access to resources,
which in turn influence food choice in low SEGs [10,39].

The costs of habitual diets in all low SEG reference households (exemplified here by
data for Household A) included a higher proportion spent on SSBs (5.5% of total habitual
diets in low SEG), and lower proportion spent on artificially sweetened beverages (0.5% of
total habitual diets in low SEG), in comparison to the mean population (4.0% and 0.8%,
respectively, of total habitual diets in the mean population). These differences may be one
reason that, although potentially regressive (i.e., having greater impact on low SEGs), other
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studies have postulated greater health benefits of a tax on SSBs to low SEGs than the rest of
the population [40].

Similarly, costs of habitual diets of all low SEG reference households included a higher
proportion from takeaway foods compared to the mean population. In contrast, household
expenditure surveys show that low SEGs spend less on ‘meals out and fast foods’ than
higher SEGs [17]. However, expenditure surveys solely reflect the purchase location, rather
than the nutritional quality of food being purchased. Our results correlate with other
studies that suggest that when low SEGs consume food prepared outside the home, they
tend to purchase ‘fast food’ rather than healthier meals, such as in restaurants [41,42].

4.3. Choice of ‘Cheapest Options’ as a Coping Strategy to Stretch the Budget

Purchase of ‘cheapest options’ instead of ‘standard brands’ resulted in cost savings
of 31% for recommended diets, and 36% for habitual diets. These differences arose as
more packaged products are included in the latter than the former. The cost differential
between habitual and recommended diets reduced to zero for Household C, and habitual
diets became less expensive than recommended diets for Household B. For Household A,
habitual diets were still more expensive than recommended diets when ‘cheapest options’
were purchased instead of ‘standard brands’, but the cost differential was smaller. This
reduction and reversal in the cost differential may help explain the common perception
that healthy food is more expensive than unhealthy food [11], and may be a driver for the
consumption of unhealthy packaged foods over fresh healthy foods in low SEGs.

Other coping strategies that may be used by low SEG households to stretch their food
budget include taking advantage of price promotions. However, a previous study found
price promotions may save only a small (3%) proportion of cost for both habitual and
recommended diets [14]. Discounted food and drinks tend to be less healthy than other
products, and thus this can reduce the quality of habitual diets [43]. Therefore, households
that adjust their shopping habits by stockpiling price promoted products to consume
later may be able to save in the medium term, but this practice can also lead to increased
consumption [44].

4.4. Affordability of Diets

Recommended diets were unaffordable for Households A and B, when receiving
welfare benefits, but were affordable for Household C receiving the aged pension. The
aged pension is indexed to average wages in Australia, whereas unemployment benefits are
indexed to inflation. The aged pension has increased at a greater rate than unemployment
benefits, which did not increase in real terms from 2009 to 2020 [45].

4.5. Strengths of the Low SEG Healthy Diets ASAP Protocol

Face validity of the low SEG habitual diet pricing tool was supported, as the energy
content of the low SEG habitual diet for each reference household was within 2% of the
energy content of corresponding reported energy intakes in the AHS NNPAS [21].

4.5.1. Selection of SEG Measure

For the purposes of this study, household income was selected as the measure of
low SEGs as it reflected household resources for food purchases, even if a recent lifestyle
change had occurred, such as job loss or family separation. Many households comprised of
older people may report a low income, despite having access to retirement savings and
superannuation for daily expenditure. However, household income was preferred over
household asset levels to indicate the SEG of older households, as such assets are not usually
available to spend on daily expenses. Other SEG measures used in dietary intake studies
in Australia included education, occupation, disadvantage level of the residential area,
and/or combinations thereof, although household income was most commonly used [10].
Some previous studies found differences in SEG gradients of dietary intake using different
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measures of SEG [46–48], however measures such as education and occupation are not
available in the AHS NNPAS for all reference household members [26].

4.5.2. Selection of Low SEG Households

By including three types of low SEG households instead of just one, we have increased
the range of relevant tools available to future users of the low SEG Healthy Diets ASAP.
This study was also able to demonstrate how the cost, cost differential, and affordability of
diets varied for different, common, low SEG household composition types.

4.6. Limitations

There are inherent limitations of the original Healthy Diets ASAP protocol that also
apply to the low SEG protocol [20]. These include underlying assumptions: that food is
equitably shared with all household members; that there is minimal food wastage; and that
food is not acquired through home production. Measurement of dietary intake by 24-h
recall (as in the AHS NNPAS) is known to be biased due to social desirability, particularly
among low SEGs [26,49]. As with the original protocol, no adjustments have been made to
account for the likely under-reporting of overall food intake and over-reporting of healthier
foods. Hence, the findings of this study present a ‘best-case’ scenario.

As with the original Healthy Diets ASAP protocol, due to the sampling methods of
the AHS NNPAS, it was not possible to analyse dietary intakes of actual family groups,
as only one adult, or one adult and one child, were selected from households included
in the national dietary survey [26]. This may have impacted particularly the low SEG
habitual diet pricing tools as, for example, dietary intakes of children in single parent
households may differ from those of children in two parent households. Further, low
sample size numbers within subcategories of some age/gender/income groups in the
AHS NNPAS 2011–2012 [21] affected the reliability of mean dietary intakes calculated for
teenage boys (included in Households A and B), and older adults (included in Household
C). However, despite these limitations, the AHS NNPAS 2011–2012 was the most detailed,
recent, national source of population dietary intake data for this study [10].

For monitoring and surveillance purposes, it is essential that a standardised tool is
used to collect current food and drink prices. The AHS NNPAS (2011–2013) data used in
the development of the standardised habitual diet pricing tool are the most recent available
in Australia, but are now 10 years old, and dietary intake patterns may have altered over
those years. While few changes were noted between the 1995 National Nutrition Survey
and the AHS NNPAS 16 years later [50], recent food environment changes (such as the rise
in online food delivery options) may have influenced current dietary intakes. Additionally,
the effects of the SARS-CoV-2 pandemic on employment (affecting income) and movement
restrictions (affecting locations available for food shopping) may have been particularly
challenging for low SEGs.

Testing the low SEG protocol used prices from a major city location. Regional and/or
remote areas are likely to experience higher food prices [51] and a relative lack of ‘own
brand’ products and budget supermarkets [52]. Therefore, diet cost and affordability results
in this study reflect a ‘best case scenario’ for low SEGs.

Incomes were calculated at 2019 rates to avoid enumerating complex economic support
supplements instituted by the Australian Government in response to the SARS-CoV-2
pandemic. The consumer price index for food in Queensland increased by 3.5% between
June 2019 and June 2020, and thus diet affordability may be slightly underestimated [53].

The low SEG Healthy Diets ASAP protocol targets those in the lowest quintile of
household income. However, some of these low SEG households experience particular
challenges, such as very low incomes (due to ineligibility for welfare benefits), homeless-
ness or unstable housing, limited access to food stores, and/or particular cultural food
requirements. The low SEG Healthy Diets ASAP protocol does not specifically capture
dietary intakes or incomes of these extremely vulnerable groups.
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Additional coping strategies that may be used by low SEGs to stretch the food budget,
such as shopping at market stalls or culturally specific stores, bulk purchasing, and/or
accessing food banks, charitable donations, subsidised meals or food provided by family
or friends, have not been included in this study [54–56].

4.7. Policy Implications

Our findings reflect reported dietary intake differences between low SEGs and the
broader population, which have not been quantified previously across all ADG food
groups [10]. This study confirms the need for an equity lens to better target the ADGs to
low SEGs in Australia [6].

One measure to improve affordability of healthy, equitable and more sustainable diets
is to increase household income. In the early months of the SARS-CoV-2 pandemic in 2020
the Australian Government implemented a number of economic stimulus measures to
combat the sudden increase in unemployment [57]. This resulted in an increased income
for many welfare dependent households and thus improved affordability of recommended
diets [58]. A national survey found 83% of welfare dependent families reported eating
healthier and more regularly compared to pre-pandemic times [59]. While these economic
measures were only of short duration, this tangible example demonstrated the beneficial
impact of increasing welfare support to adequate levels.

The results of the study also suggest that there is an opportunity to encourage pur-
chase and consumption of recommended diets by making unhealthy foods relatively more
expensive than healthy foods. Provision of vouchers for healthy food, such as the Special
Supplemental Nutrition Program for Women, Infants and Children (WIC) in the USA, have
been shown to increase consumption of healthy foods [60]. Promotion and discounting
of healthy, rather than unhealthy, foods and beverages may also encourage their pur-
chase [43]. In Australia, in remote Aboriginal and Torres Strait Islander communities, a
study restricting promotion of unhealthy foods decreased their consumption [61]. Further
research testing the impact of providing discounts for healthy foods for families with
young children is currently underway (Ferguson et al., unpublished results), contributing
to important evidence of potential policy changes to address inequities in dietary patterns.

Increasing taxation of unhealthy foods has also been suggested [25,62]. Increasing
the GST rate on unhealthy foods and retaining the current exemption of GST on basic,
healthy foods, increases the relative cost of unhealthy foods. Modelling has shown that
increasing the rate of GST to 20% on unhealthy foods would make recommended diets
9% more affordable than habitual diets and raise revenue that could be used for health
promotion programs [24].

By creating more supportive fiscal environments, such regulatory policy measures
would help address the dietary inequities faced by low SEGs [39,63]. Reduction of economic
barriers to healthy eating would also provide greater opportunity for low SEG households
to benefit from nutrition education and food literacy programs [39,63].

5. Conclusions

Development of the low SEG Healthy Diets ASAP protocol enables calculation of
habitual and recommended diet costs and affordability that assimilate the habitual dietary
intakes, household structures, food purchasing habits, and income sources and amounts
of low SEGs in Australia. The low SEG habitual diet pricing tool incorporates differences
in dietary intake between low SEGs and the mean Australian population including lower
quantities of healthy food and drinks and higher quantities of key discretionary food and
drinks, particularly takeaway foods and SSBs.

Testing the low SEG protocol showed affordability of both diets improved when
‘cheapest options’ were purchased, but that the cost differential between habitual and
recommended diets decreased. The finding that for some low SEG households recom-
mended diets became more expensive than habitual low SEG diets could partly explain
commonly-held perceptions that healthy food is unaffordable [11].
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Policy action is necessary to increase affordability of recommended diets for low SEGs
by reducing healthy food and drink costs and ensuring all household incomes are sufficient.
This should include measures aimed at increasing the differential between costs of habitual
and recommended diets, and at supporting and encouraging low SEGs to purchase and
consume healthy diets.

Further application of the low SEG Healthy Diets ASAP protocol will provide addi-
tional data to inform policy and practice change. Improving diet-related health will lead to
reduced health costs, improved workforce and social participation, improved education
outcomes for children, and reduced social inequality, thus benefiting all Australians.
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Abstract: Healthcare costs are lower for adults who consume more vegetables; however, the as-
sociation between healthcare costs and fruit and vegetable varieties is unclear. Our aim was to
investigate the association between (i) baseline fruit and vegetable (F&V) varieties, and (ii) changes
in F&V varieties over time with 15-year healthcare costs in an Australian Longitudinal Study on
Women’s Health. The data for Survey 3 (n = 8833 women, aged 50–55 years) and Survey 7 (n = 6955,
aged 62–67 years) of the 1946–1951 cohort were used. The F&V variety was assessed using the
Fruit and Vegetable Variety (FAVVA) index calculated from the Cancer Council of Victoria’s Dietary
Questionnaire for Epidemiological Studies food frequency questionnaire. The baseline FAVVA and
change in FAVVA were analysed as continuous predictors of Medicare claims/costs by using multiple
regression analyses. Healthy weight women made, on average, 4.3 (95% confidence interval (CI)
1.7–6.8) fewer claims for every 10-point-higher FAVVA. Healthy weight women with higher fruit
varieties incurred fewer charges; however, this was reversed for women overweight/obese. Across
the sample, for every 10-point increase in FAVVA over time, women made 4.3 (95% CI 1.9–6.8)
fewer claims and incurred $309.1 (95% CI $129.3–488.8) less in charges over 15 years. A higher F&V
variety is associated with a small reduction in healthcare claims for healthy weight women only. An
increasing F&V variety over time is associated with lower healthcare costs.

Keywords: fruit; vegetables; diet quality; health care costs; Medicare; women’s health

1. Introduction

An adequate intake of fruit and vegetables (F&V) is associated with a lower risk of
cardiovascular disease, cancer and all-cause mortality [1,2]. However, globally, 78% of
adults consume less than five daily portions of F&V [3]. Low F&V consumption is among
the leading dietary risk factors for mortality, each accounting for more than 2% of global
deaths [4].

Poor diets are costly for governments. In Canada, inadequate F&V intake generates
an economic burden of approximately $CAN 3.3 billion per year, including $CAN 1 billion
in healthcare costs [5]. The results from two previous cohort studies have shown that
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the cumulative healthcare costs were lower for men [6] and women [7] who consumed
more vegetables. However, the evidence for the association with fruit intake is mixed. The
Chicago Western Electric Study reported lower healthcare costs for men in the highest
tertile of fruit intake [6], while our analysis of Australian women found that healthcare
costs increased as fruit consumption increased [7].

The variety of F&V intake, in addition to frequency, is important for health benefits.
The dietary guidelines in the US, UK and Australia all recommend increasing the F&V
variety to increase both the quantity and diversity of the nutrients consumed [8–10]. The
frequency and variety of the F&V intake were each inversely associated with the risk of
type 2 diabetes [11]. Green leafy vegetables were associated with a reduced risk of coronary
heart disease (relative risk (RR) 0.83 (95% CI 0.75–0.91)), while cruciferous vegetables were
associated with a reduced risk of cancer (RR 0.84 (95% CI 0.72–0.97)) [1].

Knowledge of the association between the F&V variety with healthcare costs is lacking
and could potentially inform future approaches to population dietary interventions and
health policies. The aim of the current study of mid-aged women in the Australian
Longitudinal Study on Women’s Health (ALSWH) was to investigate the association
between (i) Part I: the F&V variety at the baseline and (ii) Part II: changes in the F&V
variety over time with cumulative 15-year healthcare costs.

2. Materials and Methods

2.1. Australian Longitudinal Study on Women’s Health (ALSWH)

This study uses data from the ALSWH [12]. Women in three cohorts (born 1973–1978,
1946–1951 and 1921–1926) were randomly selected from the Medicare database (Australia’s
government funds universal health coverage, which includes all permanent residents) to
take part in Survey 1 in 1996 [12]. The surveys were initially mailed; however, participants
have had the option of online surveys since 2011. Participants living in rural/remote areas
were intentionally oversampled [13]. The original sample was a representative sample of
over 40,000 Australian women, although women from non-English speaking backgrounds
were under-represented [14]. Ethical approvals were granted by the University of New-
castle (h-076-0795) and the University of Queensland (200400224). Medicare data consent
was provided for the overall ALSWH study, and the use of the linked Medicare Benefits
Schedule data was granted by the ALSWH Data Access Committee.

2.2. Participants: The 1946–1951 Cohort

For this analysis, the data for Survey 3 (2001) (n = 11,228 women, aged 50–55 years)
and Survey 7 (2013) (n = 9151, then aged 62–67 years) of the 1946–1951 cohort were used.
The response rates for Surveys 3 and 7 were 85% and 81%, respectively, excluding women
who had died or withdrawn since Survey 1 [15].

One thousand and seven (n = 1007, 7.3%) women opted out of the Medicare Benefits
Schedule (MBS) data linkage. Women with the highest 1% (n = 128, total charges > $79,525)
and lowest 1% (n = 445, total charges = $0) of cumulative MBS charges over the 15-year
period were excluded from the analyses to avoid anomalies associated with extreme values.
The Fruit and Vegetable Variety Index (FAVVA) data were available for n = 9526 during
Survey 3 and n = 7648 during both Survey 3 and Survey 7. Women with missing/incomplete
dietary data were more likely to find it difficult/impossible to manage on their current
income, live in outer regional Australia, be a smoker and be sedentary and were less likely
to have a healthy body mass index (BMI) compared with women who had data at both time
points. Baseline BMI data were missing for n = 569 women, residential area data for n = 37
women and socioeconomic data for n = 87 women, who were excluded from analyses. A
total sample size of n = 8833 was used for the baseline FAVVA with healthcare costs (Part I)
and n = 6955 for changes in the FAVVA with healthcare costs (Part II) (Figure 1).
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Figure 1. Flow chart of the participant selection using the 1946–1951 ALSWH cohort. Note: *FFQ,
food frequency questionnaire; MBS, Medicare Benefits Schedule.

2.3. Sociodemographic Characteristics and Anthropometry

The Accessibility Remoteness Index of Australia (ARIA) provided a measure of resi-
dential area, categorised as ‘major cities’, ‘inner regional’, ‘outer regional’, ‘remote’ or ‘very
remote’ [16]. Financial stress was assessed by a self-reported ability to manage on their
current income, collected by a single-item question and categorised as ‘easy’, ‘not too bad’,
‘difficult some of the time’, ‘difficult all of the time’ or ‘impossible’. The BMI was calculated
using self-reported height and weight data and categorised as underweight (<18.5 kg/m2),
healthy weight (18.5–24.99 kg/m2) or overweight/obese (≥25 kg/m2) [17].

2.4. Assessment of Dietary Intake

The Cancer Council of Victoria’s Dietary Questionnaire for Epidemiological Studies
(DQES) Version 2 food frequency questionnaire (FFQ) was used to assess the dietary
intake [18,19]. The DQES asks participants to report their usual consumption of 74 foods
and beverages over the past 12 months on a 10-point frequency option (‘never’ up to ‘3
to 4 times/day’). Portion size photographs were used to calculate a single portion size
factor (PSF) to indicate whether, on average, a person eats median-size servings (PSF = 1),
more than the median (PSF > 1) or less than the median (PSF < 1) and was used to scale the
reported serving sizes for vegetables, meat and casseroles.

The mean total daily F&V intake was derived from responses to individual items
for fruits (11 items) and vegetables (24 items) and summed to generate a total intake of
fruits, vegetables and F&V (g/day). The nutrient intakes were computed from NUTTAB
1995 by the Cancer Council of Victoria [20]. The development of DQES [21] and validation
using plasma biomarkers to estimate polyunsaturated and monounsaturated fats and F&V
intakes has been reported [22,23].

2.5. Fruit and Vegetable Variety Index (FAVVA)

The FAVVA [24] scores were derived using DQES data [18]. FAVVA captures both the
frequency and variety of the F&V intake and has demonstrated moderate-to-strong positive
correlations with dietary intakes of key nutrients (vitamin C, vitamin A, fibre, potassium
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and magnesium) and plasma concentrations of carotenoids rich in fruits and vegetables [24].
As the original FAVVA was developed using the Australian Eating Survey FFQ, the FAVVA
was modified slightly in the current study to align with the data collected by the DQES FFQ.
Supplemental Table S1 details the scoring method for items in the modified FAVVA used
in the current study, while Supplemental Table S2 outlines the differences in the scoring
methods for the modified and original FAVVA. For the modified FAVVA used in the current
study, points were awarded incrementally based on the frequency of different types of
F&V, as assessed by the DQES, such that zero points were awarded for ‘Never’, 1 point for
’Less than 1 per month’, 2 points for ‘1–3 per month’, 3 points for ‘once per week’, 4 points
for ‘2–4 per week’ and 5 points for ‘5 or more per week’. The F&V typically consumed
frequently (e.g., bananas and carrots) had additional response options of 5 points for 5 to
6 times per week, 6 points for ‘Once per day’ and 7 points for ‘2 or more times per day’.
Additional points were awarded for the total number of different F&V servings consumed
per day. The items were summed to calculate the total FAVVA scores, ranging from 0 to
185 points (a maximum of 66 points for the Fruit subscale and 119 points for the Vegetable
subscale). Changes in the FAVVA were calculated by subtracting the baseline FAVVA
(2001) from Survey 7 FAVVA (2013), where negative scores indicated that the FAVVA score
worsened, and positive scores indicated that the FAVVA improved over time.

2.6. Medicare Benefit Schedule Data

Medicare is Australia’s universal healthcare coverage provided by the Australian
government. Healthcare coverage under Medicare includes services that are eligible for
rebate according to the Medicare Benefits Schedule (MBS). The MBS provides benefits for
doctor consultations, scheduled fees for out-of-hospital services for doctors (including
examinations and tests ordered by doctors), specialist consultations and service fees,
many surgical and other therapeutic procedures performed by doctors, some surgical
procedures performed by dentists, eye tests performed by optometrists and other allied
health consultations, as well as specified items under nominated care schemes (e.g., Cleft
Lip and Palate Scheme and Better Access Scheme).

The MBS variables included the number of claims made, the ‘charge’ (the total cost of
the service, as charged by the provider), the ‘benefit’ (the amount paid by Medicare back
to the patient) and the ‘gap’ (the difference between the charge and the benefit, i.e., the
patient’s out-of-pocket or direct costs). The MBS data were provided by Medicare in 2016
for the years 2001–2015. The cumulative number of claims, charges, benefits and gap costs
were calculated across the 15-year period for each woman. Zero values were assumed for
women who had no records of MBS claims during 2001–2015 (n = 445), as data were only
provided for women who had made claims. Women with the highest 1% (n = 128, total
charges > $79,525) and lowest 1% (n = 445, total charges = $0) of cumulative MBS charges
over the 15-year period were excluded from the analyses to avoid anomalies associated
with extreme values.

2.7. Statistical Methods

The statistical analyses were conducted using STATA IC, Version 13 (StataCorp LP,
College Station, TX, USA). FAVVA quintiles were generated using the xtile function in
STATA. Descriptive statistics were calculated for sociodemographic, anthropometric and
fruit and vegetable intakes for the included women at Survey 3 by FAVVA quintiles.
Differences between the FAVVA quintiles were explored using chi-square analyses (cate-
gorical data) and one-way ANOVA (continuous data). The FAVVA scores were normally
distributed; however, as the MBS data were highly skewed to the right, nonparametric
statistics were used. Multiple linear regression modelling was performed, adjusting for the
area of residence, self-reported financial stress and total energy intake at Survey 3. For the
‘Underweight’ category, regression modelling was not performed on account of the small
sample size.
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The Part I Baseline F&V frequency and variety with the 15-year Medicare claims/costs:
Median 15-year cumulative Medicare claims, charges, benefits and gap costs were reported
by the quintiles of FAVVA at Survey 3. The FAVVA quintiles were treated as a categorical
predictor of each MBS variable presented by the BMI category, with FAVVA quintile 1
(lowest F&V intake) set as the reference group. In addition, the FAVVA total and Fruit and
Vegetable subscales were treated as continuous predictors of the MBS variables. The Part II
Change in F&V frequency and variety with the 15-year Medicare claims/costs: For each
BMI category, changes in the FAVVA total and subscale scores were treated as continuous
predictors of the MBS variables.

3. Results

Among the women with baseline dietary and MBS data (n = 8833), 34.6% (n = 2924)
lived in major cities, and 62.6% (n = 5290) found it easy/not too bad to manage on their
current income, while over half (56.2%, n = 4750) had a high BMI (overweight/obesity).
The mean baseline FAVVA was 87.7 ± 21.2 points (maximum 185 points), the fruit intake
was 216.5 ± 139.8 g/day (recommended target 300 g/day) and the vegetable intake was
176.5 ± 80.4 g/day (recommended target 375 g/day) [8].

There were no differences in the age, weight or area of residence across the FAVVA
quintiles at the baseline (Table 1). The women in FAVVA quintile 1 (lowest) were more
likely to find it difficult to manage on their current income and be overweight/obese
compared with those in FAVVA quintile 5 (p < 0.05).

Table 1. Characteristics of the women in the 1946–1951 ALSWH cohort according to the Fruit and Vegetable Variety (FAVVA)
scores for Survey 3 (2001, n = 8833).

FAVVA Quintile

Q1 Q2 Q3 Q4 Q5 All

n 1796 1840 1699 1761 1737 8833
FAVVA score a 58.1 ± 10.7 77.4 ± 3.7 88.6 ± 2.9 99.1 ± 3.5 117.0 ± 10.5 87.7 ± 21.2
FAVVA range ≤70 71–83 84–93 94–105 ≥106
FAVVA Fruit b 15.8 ± 6.5 22.6 ± 6.4 27.0 ± 6.0 31.3 ± 6.0 39.2 ± 7.1 27.1 ± 10.2

FAVVA Vegetable c 42.3 ± 9.6 54.8 ± 6.6 61.5 ± 6.2 67.7 ± 6.2 77.9 ± 8.2 60.7 ± 14.1
Age (y) 52.5 ± 1.4 52.5 ± 1.5 52.5 ± 1.5 52.5 ± 1.5 52.5 ± 1.5 52.5 ± 1.5

Area of residence
Major cities 35.0 (629) 33.8 (621) 36.8 (625) 33.3 (587) 33.8 (587) 34.5 (3049)

Inner regional 41.2 (740) 42.3 (779) 40.4 (687) 41.3 (728) 43.8 (761) 41.8 (3695)
Outer regional 20.7 (371) 20.2 (372) 19.5 (332) 21.8 (384) 18.7 (325) 20.2 (1784)

Remote 2.3 (41) 3.2 (59) 2.8 (48) 3.0 (52) 3.1 (53) 2.9 (253)
Very remote 0.8 (15) 0.5 (9) 0.4 (7) 0.6 (10) 0.6 (11) 0.6 (52)

Self-reported ability to
manage on their current

income
Easy 14.4 (259) 19.3 (355) 18.9 (321) 19.2 (338) 21.0 (365) 18.5 (1638)

Not too bad 39.4 (708) 43.0 (791) 46.5 (790) 44.6 (786) 44.6 (775) 43.6 (3850)
Difficult some of the time 30.6 (550) 25.9 (476) 24.5 (416) 27.1 (477) 26.4 (458) 26.9 (2377)

Difficult all of the time 13.3 (239) 10.5 (194) 9.3 (158) 7.4 (131) 7.1 (123) 9.6 (845)
Impossible 2.2 (40) 1.3 (24) 0.8 (14) 1.6 (29) 0.9 (16) 1.4 (139)
Weight (kg) 71.4 ± 16.1 71.6 ± 14.9 71.0 ± 14.5 71.6 ± 14.7 71.0 ± 14.7 71.4 ± 15.0

BMI (kg/m2) 27.1 ± 5.9 27.0 ± 5.6 26.7 ± 5.3 26.9 ± 5.3 26.6 ± 5.2 26.9 ± 5.5

BMI category
Underweight 1.9 (35) 1.6 (30) 1.2 (20) 0.9 (16) 1.0 (18) 1.3 (119)

Healthy weight 41.1 (738) 40.9 (753) 43.6 (740) 41.6 (732) 44.9 (780) 42.4 (3743)
Overweight/obese 57.0 (1023) 57.4 (1057) 55.3 (939) 57.5 (1013) 54.1 (939) 56.3 (4971)

Energy intake (kJ/day) 5972.7 ± 2323.3 6487.2 ± 2287.5 6625.3 ± 2237.0 6872.1 ± 2392.7 7457.2 ± 2938.7 6676.6 ± 2494.6
Fruit and vegetable intake

(g/day) d 268.2 ± 136.4 345.5 ± 147.5 385.7 ± 152.0 443.1 ± 163.5 528.4 ± 185.7 393.0 ± 180.6

Fruit intake (g/day) d 124.9 ± 100.4 176.2 ± 119.9 211.8 ± 122.8 255.0 ± 130.3 319.4 ± 138.8 216.5 ± 139.8
Vegetable intake (g/day) d 143.3 ± 81.2 169.4 ± 75.2 174.0 ± 74.5 188.1 ± 75.7 209.0 ± 80.4 176.5 ± 80.4

a FAVVA maximum score = 185. b FAVVA Fruit maximum score = 66. c FAVVA Vegetable maximum score = 119. d Recommended
intakes for Australians: 300 g fruit per day, 375 g vegetables per day and 675 g fruit/vegetables per day, according to the Australian
Dietary Guidelines.
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3.1. Part I: Baseline F&V Variety with 15-Year Healthcare Claims/Costs

Healthy weight women (BMI = 18.5–24.99 kg/m2) in the highest FAVVA quintile
made six fewer claims over 15 years compared with those in quintile 1 (220 claims (95% CI
144–318) compared with 226 claims (145–358), Table 2). For all women, those in FAVVA
quintiles 2–5 incurred higher gap (out-of-pocket) costs compared with those in FAVVA
quintile 1.

Table 2. Median 15-year (2001–2015) cumulative Medicare claims and costs ($AU) for Australian women born in 1946–1951
by the quintile of the baseline FAVVA score (1 = lowest and 5 = highest FAVVA quintiles) and baseline BMI category
(n = 8833) a.

Under Weight b

n = 119
Healthy Weight

n = 3743
Overweight/Obese

n = 4971
ALL

n = 8833

BMI, Mean ± SD 17.6 ± 0.9 22.6 ± 1.6 30.4 ± 4.8 26.9 ± 5.5

2001 FAVVA
Quintile

Medicare
Variable

Median Q1, Q3 Median Q1, Q3 Median Q1, Q3 Median Q1, Q3

1
(lowest)

n 37 748 1041 1826
FAVVA 62 45, 68 62 53, 70 63 53, 70 62 53, 70

Claims (n) c 228 147, 441 226 145, 358 266 170, 401 250 157, 387
Charge ($) d 12,580 7504, 27,566 13,262 7782, 23,063 15,169 8787, 24,673 14,261 8195, 24,246
Benefit ($) e 11,393 6798, 20,669 10,055 6066, 17,603 12,230 7223, 19,636 11,265 6620, 18,910

Gap ($) f 2190 705, 3988 2583 923, 5458 2168 759, 5631 2345 802, 5540

2

n 32 835 1119 1986
FAVVA 79 72, 85 79 73, 86 79 72, 86 79 73, 86

Claims (n) 192 109, 321 219 147, 315 260 163, 381 240 156, 353
Charge ($) 10,845 6253, 17,903 13,404 8099, 22,050 15,839 8811, 24,764 14,614 8450, 23,615
Benefit ($) 8158 4764, 15,694 10,044 6242, 15,647 12,021 7016, 19,020 10,984 6512, 17,497

Gap ($) 2019 878, 3858 3028 * 1320, 6087 2821 949, 6345 2886 * 1081, 6206

3

n 22 699 919 1640
FAVVA 89 85, 96 89 83, 95 89 83, 95 89 83, 95

Claims (n) 226 128, 283 224 * 156, 320 269 182, 392 246 170, 363
Charge ($) 15,045 8061, 20,111 13,553 8435, 22,154 16,770 9852, 27,132 15,290 9336, 25,061
Benefit ($) 11,122 6818, 14,200 10,085 6605, 15,905 12,881 7772, 19,952 11,470 7132, 18,301

Gap ($) 2850 1620, 6143 3131 * 1268, 5983 3308 * 1399, 7317 3230 * 1330, 6702

4

n 15 703 910 1628
FAVVA 100 98, 106 99 92, 106 98 91, 104 98 92, 105

Claims (n) 431 202, 532 223 * 150, 326 252 167, 379 239 161, 358

Charge ($) 22,803 15,527,
33,031 13,728 8293, 22,532 15,331 9060, 25,531 14,788 8844, 24,292

Benefit ($) 18,016 8683, 29,663 10,327 6336, 16,445 11,754 7155, 18,994 10,859 6800, 18,019
Gap ($) 3729 1548, 6974 3070 * 1440, 6128 3434 * 1351, 6895 3251 * 1387, 6586

5
(highest)

n 13 758 982 1753
FAVVA 114 109, 123 112 105, 120 111 104, 121 112 104, 121

Claims (n) 208 176, 277 220 * 144, 318 260 167, 393 237 154, 357

Charge ($) 13,988 11,982,
16,097 14,010 8008, 21,279 16,813 9206, 26,808 15,251 8695, 24,394

Benefit ($) 11,357 8319, 13,101 9878 6091, 15,673 12,262 7058, 20,286 11,250 6618, 18,151
Gap ($) 2666 686, 4740 3552 1375, 6399 3250 * 1249, 7242 3448 * 1321, 6761

Abbreviations: BMI, body mass index; FAVVA, Fruit and Vegetable Variety index; SD, standard deviation; * p < 0.05: linear regression
modelling by BMI category with adjustment for area of residence, ability to manage on current income and total energy intake, with FAVVA
Quintile 1 set as reference group. a Data presented are unadjusted medians and IQRs. b Women with ‘Underweight’ BMI were excluded
from the analysis due to the small sample size. c Number of healthcare services received under the Medicare Benefits Schedule. d Total
cost of services (as charged by the healthcare provider). e Amount paid back to the patient by Medicare. f Out-of-pocket costs paid by
the patient.

Among healthy weight women, higher FAVVA and FAVVA Vegetable scores were asso-
ciated with fewer claims and benefits (Table 3). For every 10-point-higher FAVVA, healthy
weight women made, on average, 4.3 (95% confidence interval (CI) 1.7–6.8) fewer claims
over 15 years. For every 10-point-higher FAVVA Vegetable score, healthy weight women
made 7.1 (95% CI 3.3–10.9) fewer claims and incurred $AUD 293.0 (95% CI $8.6–57.4)
less in charges. Among the women overweight/obese, a higher FAVVA was associated
with higher charges and out-of-pocket (gap) costs, while a higher FAVVA Fruit score was
associated with higher claims and all costs. For every 10-point-higher FAVVA, women
overweight/obese incurred $187.8 (95% CI S2.4–373.2) more in charges over 15 years. For
all women, higher FAVVA, Vegetable and Fruit subscales were associated with higher
out-of-pocket costs.
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Table 3. Coefficients and 95% confidence intervals per 10-unit-higher baseline FAVVA as predictors of the 15-year (2001–
2015) cumulative Medicare claims and costs for Australian women born in 1946–1951 (n = 8833) and within the baseline
BMI category a.

2001 Fruit and
Vegetable Intake

Medicare Variable
Healthy Weight

n = 3743
Overweight/Obese

n = 4971
All

n = 8833

FAVVA
Total

Claims (n) b −4.3 (−6.8, −1.7) * 0.3 (−2.3, 2.9) −1.6 (−3.4, 0.2)
Charge ($AUD) c −132.6 (−321.6, 56.5) 187.8 (2.4, 373.2) * 47.1 (−85.7, 179.9)
Benefit ($AUD) d −188.0 (−325.8, −50.1) * 66.9 (−69.2, 203.0) −45.0 (−142.6, 52.5)

Gap ($AUD) e 55.4 (−10.4, 121.2) 120.9 (56.3, 185.5) * 92.2 (46.2, 138.1) *

FAVVA
Fruit

Claims (n) −4.9 (−10.2, 0.3) 5.6 (0.2, 10.9) * 1.4 (−2.5, 5.2)
Charge ($AUD) −13.9 (−409.9, 382.1) 567.4 (184.0, 950.7) * 324.8 (48.2, 601.4) *
Benefit ($AUD) −182.7 (−471.6, 106.2) 336.7 (55.2, 618.1) * 119.5 (−83.8, 322.8)

Gap ($AUD) 168.8 (31.1, 306.5) * 230.7 (97.0, 364.4) * 205.3 (109.6, 301.0) *

FAVVA
Vegetable

Claims (n) −7.1 (−10.9, −3.3) * −2.2 (−6.1, 1.7) −4.4 (−7.1, −1.6) *
Charge ($AUD) −293.0 (−577.4, −8.6) * 122.3 (−153.6, 398.1) −61.9 (−260.4, 136.5)
Benefit ($AUD) −331.4 (−538.7, −124.0) * −26.0 (−228.4, 176.5) −162.0 (−307.8, −16.3) *

Gap ($AUD) 38.3 (−60.7, 137.3) 148.3 (52.1, 244.4) * 100.1 (31.4, 168.8) *

Abbreviations: BMI, body mass index; FAVVA, Fruit and Vegetable Variety index. * p < 0.05; linear regression modelling with adjustment for
the area of residence, ability to manage on their current income and total energy intake. a Women with ‘Underweight’ BMI were excluded
from the analysis due to the small sample size (n = 113). b The number of healthcare services received under the Medicare Benefits Schedule.
c Total cost of the services (as charged by the healthcare provider). d Amount paid back to the patient by Medicare. e Out-of-pocket costs
paid by the patient.

A higher total fruit and vegetable intake (g/day) and total fruit intake were each
associated with higher claims, charges and benefits for women overweight/obese only. For
every 100-g-higher intake of fruit consumed per day, women overweight/obese made, on
average, 3.7 (95% CI 0.9–6.4) more claims and incurred $253.6 (95% CI $52.9–454.4) more in
charges (Supplemental Table S3).

3.2. Part II: Change in F&V Variety over Time with 15-Year Healthcare Claims/Costs

Across the sample, the mean changes in the FAVVA, FAVVA Vegetable and FAVVA
Fruit scores (2001–2013) were 0.94 ± 17.1 points, 1.0 ± 11.9 points and −0.1 ± 9.0 points,
respectively (n = 6955). The mean change in the total FAVVA was 1.7 ± 17.5 points for
women with underweight BMI (n = 96), 1.4 ± 17.2 points for women with healthy BMI
(n = 3007) and 0.6 ± 17.1 points for women overweight/obese (n = 3854).

The changes in the total FAVVA, FAVVA Vegetable and FAVVA Fruit scores were
inversely associated with the cumulative total claims and charges over 15 years (Table 4).
For every 10-point increase in the FAVVA over time, on average, women made 4.3 (95% CI
1.9–6.8) fewer claims and incurred $309.1 (95% CI $129.3–488.8) less in charges.

The change in the total daily grams of F&V consumed was also inversely associated
with the cumulative total charges incurred over 15 years. For every 100-g-increase in the
daily F&V intake over time, on average, women made 6.5 (95% CI 3.6–9.4) fewer claims
and incurred $480.0 (95% CI $265.2–694.7) less in charges (Supplemental Table S4).
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Table 4. Coefficients and 95% confidence intervals (CI) per 10-unit changes in the FAVVA (2001–2013) as a predictor of the
15-year (2001–2015) cumulative Medicare claims and costs for Australian women born in 1946–1951 (n = 6955) and within
the baseline BMI category.

Change in Intake
2001–2013

Medicare Variable
Healthy Weight

n = 3007
Overweight/Obese

n = 3857
All

n = 6955

FAVVA Total

Claims (n) −2.1 (−5.3, 1.2) −4.9 (−8.3, −1.5) * −4.3 (−6.8, −1.9) *
Charge ($AUD) −152.9 (−402.8, 97.1) −368.1 (−623.0, −113.1) * −309.1 (−488.8, −129.3) *
Benefit ($AUD) −141.3 (−322.6, 40.0) −280.6 (−466.0, −95.3) * −252.0 (−383.0, −121.0) *

Gap ($AUD) −11.6 (−99.5, 76.4) −87.4 (−177.5, 2.6) −57.0 (−120.0, 5.9)

FAVVA Fruit

Claims (n) −1.9 (−8.2, 4.4) −4.9 (−11.4, 1.6) −4.7 (−9.3, −0.03) *
Charge ($AUD) −175.5 (−657.4, 306.4) −452.8 (−933.6, 28.0) −392.6 (−735.4, −49.7) *
Benefit ($AUD) −159.3 (−508.8, 190.3) −315.3 (−664.9, 34.2) −297.6 (−547.6, −47.7) *

Gap ($AUD) −16.2 (−185.8, 153.3) −137.5 (−307.2, 32.2) −94.9 (−215.0, 25.1)

FAVVA Vegetables

Claims (n) −3.3 (−8.1, 1.5) −7.3 (−12.1, −2.3) * −6.4 (−9.9, −2.9) *
Charge ($AUD) −227.0 (−593.4, 139.3) −494.9 (−860.6, −129.3) * −421.1 (−681.3, −161.0) *
Benefit ($AUD) −211.6 (−477.3, 54.1) −394.7 (−660.5, −128.8) * −356.4 (−546.0, −166.8) *

Gap ($AUD) −15.5 (−144.4, 113.4) −100.3 (−229.4, 28.9) −64.8 (−156.0, 26.4)

Abbreviations: BMI, body mass index; FAVVA, Fruit and Vegetable Variety index. * p < 0.05; linear regression modelling with adjustment for
the area of residence, ability to manage on their current income, total energy intake and baseline FAVVA. Note: Women with ‘Underweight’
BMI were excluded from the analysis due to the small sample size.

4. Discussion

In this analysis, from the 1946–1951 cohort of the Australian Longitudinal Study
on Women’s Health, we found that a higher baseline F&V frequency and variety was
associated with fewer cumulative 15-year healthcare claims among healthy weight women
but not women overweight/obese. A higher baseline vegetable intake was associated
with fewer healthcare claims for healthy weight women and increasing the F&V intake
over time was associated with fewer healthcare claims and charges among all the women.
These findings were largely in keeping with our expectations, given the known benefits
of F&V consumption [6,7,25]. However, the positive association between fruit intake and
healthcare claims and costs among women overweight or obese was unexpected and
requires further investigation.

Our results indicate that increasing the variety and frequency of F&V regularly con-
sumed over time, regardless of the baseline intake or weight status, is associated with
lower healthcare costs. Improving the diet quality over time conveys a reduced risk of car-
diovascular disease and all-cause mortality [26–28]. Despite the national dietary guidelines
advocating regular F&V consumption, the current intakes remain low [3]. The Australian
Dietary Guidelines recommend consuming 300 g of fruit (two servings at 150 g/serving)
and 375 g of vegetables (five servings at 75 g per serving) per day [8]. The national data
from 2017 to 2018 showed that fewer than one in ten Australian adults met the vegetable
consumption target [29]. Given our findings, one potential strategy to address long-term
healthcare costs could be the development of population health interventions that focus
on increasing F&V consumption by consuming one new variety of fruit or vegetable per
week. A cost-effectiveness modelling study showed that a subsidy on F&V, when combined
with taxes on saturated fat, sugar, salt and sugar-sweetened beverages, could save the
Australian health sector $AU 3.4 billion annually [30]. The economic modelling in Canada
demonstrates that increasing the F&V consumption by one serving per day would avoid
approximately $CAN 9 billion in total costs [5]. In the US, a 30% subsidy on F&V would
prevent approximately 1.9 million deaths and save $US 40 billion in healthcare costs [31].
However, while public health interventions are important, multisectoral action across
nutrition, agriculture and technology to increase the global supply of F&V and reduce food
waste is also needed [32].

The association between lower healthcare costs and a higher vegetable variety ob-
served among healthy weight women is consistent with the literature. We showed that
a higher vegetable intake was associated with fewer healthcare services and costs over
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10 years in both women of a healthy weight and women overweight [7]. The previous study
assessed the vegetable intake using the vegetable subscale of the Australian Recommended
Food Score (ARFS), which allocates one point for each additional type of vegetable usually
consumed at least weekly. While the ARFS vegetable subscale does take into account
variety, it considers frequency based only on weekly consumption and not more frequently.
By comparison, the FAVVA considers the variety in addition to frequency across the full
spectrum of intake, as responses from ‘never’ up to ‘3 to 4 times/day’ are used to calculate
the score. Thus, a higher FAVVA score indicates both a greater frequency and variety and,
hence, a greater volume (grams per day).

A higher F&V intake has been associated with a lower risk of all causes and cardio-
vascular mortality [1,33]. A large, 11-year cohort study (n = 3704) nested in the European
Prospective Investigation into Cancer and Nutrition-Norfolk study found that a greater
quantity of vegetables consumed was associated with a 24% reduction in the risk of de-
veloping type 2 diabetes, while a greater variety of vegetables consumed was associated
with a 23% risk reduction [11]. We have previously found that higher fruit and vegetable
consumptions (measured using the Fruit and Vegetable Index (FAVI)) were associated with
less weight gain among young women [34]. Our study adds to this body of knowledge by
demonstrating the importance of both the frequency and variety of vegetable intakes in
terms of their association with future healthcare costs.

Our findings regarding the association between fruit consumption and healthcare costs
are slightly at odds. While women reporting higher fruit intakes incurred fewer healthcare
charges, when the data were analysed by the BMI category, this association was reversed for
women overweight/obese. For those women overweight, a higher variety and frequency of
fruit consumed, consistent with a higher score, could reflect either an excess overall intake
or potentially be due to over-reporting of their intake or could be associated with other
characteristics, such as lower physical activity levels. One cohort study reported lower
healthcare charges for men with the highest fruit intake [6], although this study was not
nationally representative and examined the quantity of the fruits consumed, not variety [6].
A systematic review found no association between whole, fresh fruit consumption and
excess energy intake or adiposity [35]. There are likely further confounding factors, such as
food insecurity which has a complex relationship with being bodyweight and healthcare
expenditures in older adults [36], as well as other sociodemographic and lifestyle factors
influencing the changes in diet quality over time [37].

Not all healthcare services appear in the national MBS data. The MBS scheme in
Australia includes medical information relating to claims for healthcare services that are
eligible for rebate under the Medicare funding scheme. Public hospital and outpatient
services are not captured, as these services are funded entirely by Medicare (and are
therefore not applicable for rebate). Women who do not have private health insurance
are more likely to use public hospital and public outpatient services; hence, information
relating to their usage of public services will not appear in the MBS data, as these public
services are funded entirely by Medicare and do not appear in the MBS. Hence, our results
could be affected by residual confounding due to factors and/or variables not captured,
including private health insurance status and health outcomes. Our analyses only included
women who had both dietary and Medicare data, possibly influencing the findings, as
these women had higher health statuses and lower financial stress. We recognise that
the use of self-reported methods to collect dietary data potentially overestimates the F&V
intake [38]. Dietary data were only collected at the two time points in 2001 and 2013;
thus, it was not possible to ascertain at what point in time between 2001 and 2013 any
changes in F&V consumption may have occurred, although the dietary patterns in this
cohort remained relatively stable over time [39]. Although the data were from a large
cohort of mid-aged Australian women, the results may not be generalisable among the
broader population. The cohort study design precluded drawing inferences regarding
cause and effect. There was also likely a residual confounding due to the variables that may
not have been accounted for (e.g., health status, physical activity level and smoking and
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alcohol intake); the current analysis adds to the current literature regarding the association
between F&V intake and long-term healthcare costs.

5. Conclusions

A higher F&V frequency and variety is associated with a small reduction in healthcare
claims for healthy weight women, although a higher fruit intake among women over-
weight/obese is associated with higher costs. Increasing their F&V frequency and variety
over time is associated with lower healthcare costs.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu13082829/s1: Table S1: Modified FAVVA index. Table S2: Differences in the methods used
to calculate the FAVVA index derived from the AES FFQ and the DQESv2 FFQ. Table S3: Coefficients
and 95% confidence intervals for the baseline fruit and vegetable intakes (g/day) as a predictor of the
15-year (2001–2015) cumulative Medicare claims and costs for Australian women born in 1946–1951
by the baseline BMI category (n = 8833). Table S4: Coefficients and 95% confidence intervals (CI)
for the changes in the daily fruit and vegetable intakes (2001–2013) as a predictor of the 15-year
(2001–2015) cumulative Medicare claims and costs for Australian women born in 1946–1951 by the
BMI category (n = 6955).
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Abstract: There are currently limited data on the dietary habits of young Singaporeans. This study
aimed to evaluate the adherence of 17–21 year olds attending different educational institutions using
a novel diet-quality scoring method. Dietary data were collected using a single weekday 24 h dietary
recall in a cross section of 536 Singaporeans aged 17–21 years. An 11 category scoring system (0.0–100.0)
was used to define adherence to food based dietary guidelines. Demographic and self-reported data
were also collected via a questionnaire, BMI status, and using Mann-Whitney and Kruskal-Wallis
(non-parametric) tests, with post-hoc Bonferroni-corrected tests. The median diet quality score
was 48.5 (IQR 40.5, 56.4) for this cohort, with component scores for “Total fruit”, “Whole fruit”,
“Total vegetables”, “Dark green leafy & orange vegetables”, “Whole grains”, “Dairy products”,
and “Sodium” frequently scoring the minimum value. Median diet quality scores were statistically
different for groups by ethnic origin (p < 0.001) and by educational institution (p < 0.001). Intake of
fruit, vegetables, and whole grains is minimal, while sodium intake is frequently too high in young
Singaporeans. Differences across ethnic groups and types of educational institutions suggest the need
for targeted interventions to improve dietary habits in this population.

Keywords: food-based dietary guidelines; diet quality; salt intake; fruit and vegetable consumption

1. Introduction

Adolescence is the transitional stage that lies between childhood and adulthood and has previously
been defined as the time between 10–19 years old [1]. The transition from adolescence to adulthood is
a period of the life course where there is a rapid change in nutritional requirements [2]; social, physical,
and environmental influences [3,4]; and often increased independence in decision-making, including
decisions that relate to dietary habits and lifestyle [5,6]. This period of transition has been suggested to
be important in developing dietary habits that may track into later life [7], thereby affecting lifelong
disease trajectory [8–10]. Previous reports suggest that dietary habits in adolescent populations are
frequently sub-optimal with a high intake of saturated and total fat, but a low intake of fruit, vegetables,
fibre, and calcium-rich foods [11–13].
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Singapore is an island nation that has rapidly developed a world-class reputation in education [14].
The majority of Singaporeans are from three major ethnic groups (Chinese, Malay, and Indian)
which form the core of multicultural culinary offerings in Singapore [15]. Existing data from adult
cross-sectional studies suggest that ethnicity is linked to divergent dietary habits [16] and health
outcomes [17,18]. Nationally-representative dietary data have been collected in Singaporean adults
(aged 18 to 69 years) within the National Nutrition Study (NNS) since 1993 [19] using food frequency
questionnaire methods. However, dietary habits specific to students have only been collected
previously as part of the Students’ Health Survey, using a short-form dietary questionnaire [20].
As such, information on current dietary habits in Singaporean adolescents is limited, particularly in
relation to the educational institution that they are attending.

Within the Singaporean education system, almost all adolescents (at the age of approximately
17 years) enter post-secondary education into one of three types of institutes: an Institute of Technical
Education (ITE—23.7% of all individuals after secondary school completion), a polytechnic (47.8%),
or a junior college (28%) [21]. Each type of educational institution has specific core pedagogic missions.
It is also important to note that only junior colleges are monitored by the Ministry of Health for the
standards of food made available on-campus [22,23].

Approaches to estimate the adherence of individuals to notional ideals of dietary habits have
been utilized more frequently in nutrition research since the 1990s, with earlier iterations in existence
since the 1940s [24,25]. Such methodologies frequently compare estimates of dietary intake against
food or nutrient based dietary guidelines [26,27], providing a single numeric indicator from complex
dietary data [28,29]. Such approaches have been used to provide feedback to individuals on overall
dietary habits [30,31] and could help focus future public health efforts for specific populations [32].
Such approaches may also be less prone to confounding factors than an evaluation of intake of single
or multiple nutrients and food groups [33]. While approaches to estimate overall dietary quality have
been published for Singaporean infants and children [34,35], the authors believe that no such method
has currently been defined for late adolescents and young adults.

This study therefore aimed to fill current gaps in knowledge by assessing dietary habits
(on school days) in a cross-section of Singaporean late adolescents/early adults attending the three main
types of post-secondary educational institution. In order to do this, a novel diet quality scoring approach
was developed to assess the adherence of individuals in this cohort to Singaporean food-based dietary
guidelines, as estimated through a single weekday 24 h dietary recall.

2. Materials and Methods

The study method was approved by the Ethics Committee (Faculty of Science, Agriculture,
and Engineering), Newcastle University on the 24 October 2014 and Institutional Review Board and
Nanyang Polytechnic (NYP IRB Ref: SCL-2014-001) on the 18 September 2014. As the participants
included students from a junior college, additional approval from the Ministry of Education, Singapore
was obtained on the 23 February 2015. Email approval was obtained from the principal of ITE College
Central on 19 March 2015.

The eligible target population was Singaporean nationals, aged 17–21 years (the standard age range
in which individuals attend post-secondary education). Participants of Chinese, Malay, and Indian
ethnic origin were subsequently recruited via school portals and posters. Posters were displayed on
students’ notice boards for the attention of students and to encourage word of mouth recruitment
through friends. On-site recruitment was also performed where responses from school portal or
posters was low. Interested participants contacted the research lead (M.E.T.) and received additional
information on the project prior to collection of informed consent. For participants aged 17 years,
parental consent was also obtained. Following this, a separate participant data form was developed to
collect details of their name, contact details, address, ethnicity, sex, date of birth, education institute,
self-reported weight, and height. Two separate recruitment drives were undertaken. The first recruited
students were from the polytechnic site only, using a purposeful sampling approach to ensure inclusion
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of adequate numbers of individuals by ethnic origin and sex. This approach ensured an adequate
representation of participants of Malay and Indian ethnic origin and increased the number of male
participants. The second recruited an additional 100 individuals from the Institute of Technical
Education and the Junior College by convenience sampling (i.e., all individuals who agreed to take part
were recruited) to allow comparisons between institutions. Data were from a total of 536 participants
(collected/recruited between November 2014 and August 2015). The most conservative estimate of a
representative sample from a population of approximately 100,000 individuals [21] with 95% chance
of estimating the true population mean and desired accuracy within 5% would require a total of
383 participants [36]. Additional individuals were recruited to help ensure additional statistical power
for sub-analyses within the time constraints of the proposed study.

The 24 h recall form was adapted for use from The UK Low Income Diet and Nutrition Survey [37].
A multiple-pass approach was taken to collecting dietary data from participants. This approach was
adapted from the USDA 5-step multiple-pass method [38,39] to help improve the accuracy of the
dietary recall [40]. Data were collected by a trained researcher at the student’s particular educational
institute. Model plates, bowls, and cutlery alongside a compendium of local food pictures [41] were
developed to improve the quality of the portion size estimation by the participants. Food composition
data were collated from local tables as well as international tables (Malaysia, Australia, and UK) as
previously described [34].

The scoring system for the Healthy Eating Index for Singaporean adolescents (HEI-SGA) was
based on similar approaches used to design the Healthy Eating Index 2010 [42,43] and the Healthy
Eating Index for pregnant women in Singapore, HEI-SGP [44], but modified according to Singaporean
food-based dietary guidelines for individuals of this age range [45]. The Singaporean Health Promotion
Board launched My Healthy Plate in 2014 in order to better communicate the stipulated dietary
guidelines [45]. The current approach to assess adherence to these guidelines included 11 components
(presented in Table 1 below).

Table 1. Scoring elements used to calculate the Healthy Eating Index for Singaporean Adolescents
(HEI-SGA).

No. Component
Standards for Minimum

Score of Zero
Standards for

Maximum Score
Maximum

Score

1 Total fruit No fruit ≥0.87 serves/1000 kcal 5
2 Whole fruit No whole fruit ≥0.43 serves/1000 kcal 5
3 Total vegetables No vegetables ≥0.87 serves/1000 kcal 5

4 Dark green leafy & orange
vegetables

No dark green leafy and
orange vegetables ≥0.43 serves/1000 kcal 5

5 Whole grains No whole grains ≥1.30 serves/1000 kcal 10
6 Dairy and alternatives No dairy and alternatives ≥0.43 serves/1000 kcal 10
7 Total protein foods No protein food ≥1.08 serves/1000 kcal 10
8 Total rice & alternatives No rice and alternatives ≥3.04 serves/1000 kcal 10
9 Total fat ≥40% of energy ≤30% of energy 10
10 Saturated fat ≥20% of energy ≤10% of energy 10
11 Sodium ≥870 mg/1000 kcal ≤435 mg/1000 kcal 10
- TOTAL - - 90
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A score for each component was calculated based on Singapore’s My Healthy Plate and dietary
guidelines and adjusted based on recommended energy intake for individuals of that particular sex
and age [45,46]. For example, if an individual was recommended to consume 2 servings of fruit with
a total dietary energy intake of 2300 kcal diet/day, the maximum standard for the “Total fruit” (i.e.,
all forms including juice) component was calculated as ≥0.87 servings/1000 kcal diet. Zero points were
allocated if no fruit in any form was consumed, while a maximum of 5 points were allocated if more
than 0.87 servings of fruit per 1000 kcal were consumed. The sum of all component scores was then
divided by 90 and multiplied by 100 to give a total score that could hypothetically range from 0–100.

All statistical analyses were performed using the Statistical Package for Social Sciences, SPSS,
version 26.0 for Windows (IBM Corp., Armonk, NY, USA) and statistical significance for all the tests
was defined at p-value < 0.05. Total HEI-SGA scores for the cohort were parametrically distributed,
but sub-groups were not. As all component scores were non-parametric, it was decided to carry
out comparisons between groups using Mann-Whitney and Kruskal-Wallis (non-parametric) tests,
with post-hoc Bonferroni-corrected tests.

3. Results

Complete 24 h food recall and questionnaire data were collected for all participants. Overall,
the median HEI-SGA score was low at 48.5 (IQR 40.5, 56.4) out of 100. Component scores
for “Total fruit”, “Whole fruit”, “Total vegetables”, “Dark green leafy & orange vegetables”,
“Whole grains”, “Dairy products”, and “Sodium” were frequently zero or close to zero within
this cohort, while component scores for “Total rice and alternatives”, “Total protein foods”, “Total fat”,
and “Saturated fat” were towards maximal for the majority of the population (see Table 2 for additional
detail). Male (median 48.2, IQR 40.1–56.4) and female (48.8, 42.1–56.4) participants had similar total
HEI-SGA scores (p = 0.883), with female participants scoring statistically higher component scores
for “Whole fruit”, “Total vegetables”, “Dark green leafy & orange vegetables”, and “Total rice and
alternatives” when compared by independent sample Mann Whitney U test (p < 0.05, see Table 2)
despite similar median values. A higher proportion of males appeared to score a maximum score
for the “Total protein foods” category (p < 0.001), although again, median scores were similar
(males median = 10, IQR 9.2–10.0 vs. females 10.0, 5.7–10.0), see Table 2).

Table 2. Median component and total HEI-SGA values across all participants and by sex.

All (n = 536) Female (n = 304) Male (n = 232)

Components Median (IQR) Median (IQR) Median (IQR) * p-Value

Total fruit 0.0 (0.0, 4.1) 0.0 (0.0, 4.8) 0.0 (0.0, 3.2) 0.001
Whole fruit 0.0 (0.0, 5.0) 0.0 (0.0, 5.0) 0.0 (0.0, 0.0) <0.001

Total vegetables 0.6 (0.0, 2.4) 0.9 (0.0, 2.7) 0.3 (0.0, 1.7) 0.014
DGLOV 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.009

Total rice & alternatives 10.0 (7.9, 10.0) 10.0 (7.4, 10.0) 10.0 (8.5, 10.0) 0.013
Whole grains 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.956

Dairy and alternatives 1.9 (0.0, 7.0) 1.9 (0.0, 7.5) 2.1 (0.0, 6.4) 0.811
Total protein foods 10 (6.9, 10.0) 10.0 (5.7, 10.0) 10.0 (9.2, 10.0) <0.001

Total Fat 10 (8.4, 10.0) 10.0 (8.0, 10.0) 10.0 (8.8, 10.0) 0.621
Saturated fat 10.0 (7.1, 10.0) 9.8 (6.9, 10.0) 10.0 (7.4, 10.0) 0.097

Sodium 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.722
Total HEI-SGA score 48.5 (40.5, 56.4) 48.2 (40.1, 56.4) 48.8 (42.1, 56.4) 0.883

* Based on independent sample Mann-Whitney U Tests between males and females. DGLOV—dark green leafy and
orange vegetables, HEI-SGA—Healthy Eating Index for Singaporean adolescents, IQR—diet quality score.

There was no significant difference among the median total HEI-SGA and component scores for
different categories of BMI (see Table 3), but the highest BMI category group appeared to consume
fewer energy-adjusted portions of “Rice and alternatives” and “Dairy and alternatives” compared to
other groups (p = 0.007 and 0.008, respectively).
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Table 3. Median component and total HEI-SGA values across all participants and by BMI category.

Median (IQR) Component or Total Score

At Risk of Nutrient
Deficiency (n = 106)

Healthy (n = 281) Moderate Risk (n = 95) High Risk (n = 54) * p-Value

Total fruit 0.0 (0.0, 3.5) 0.0 (0.0, 4.2) 0.0 (0.0, 4.8) 0.0 (0.0, 4.1) 0.757
Whole fruit 0.0 (0.0, 3.9) 0.0 (0.0, 5.0) 0.0 (0.0, 3.8) 0.0 (0.0, 5.0) 0.349

Total vegetables 0.0 (0.0, 1.5) 0.5 (0.0, 2.5) 0.6 (0.0, 2.6) 1.3 (0.0, 2.4) 0.328
DGLOV 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.402

Total rice & alternatives 10.0 (7.7, 10.0) b 10.0 (8.3, 10.0) b 10.0 (8.0, 10.0) b 8.5 (7.2, 10.0) a 0.007
Whole grains 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.581

Dairy 2.6 (0.0, 5.4) b 2.1 (0.0, 7.0) b 2.9 (0.0, 9.4) b 0.0 (0.0, 2.9) a 0.008
Total protein foods 10.0 (7.8, 10.0) 10.0 (6.9, 10.0) 10.0 (5.8, 10.0) 10.0 (6.2, 10.0) 0.766

Total Fat 10.0 (8.6, 10.0) 10.0 (7.2, 10.0) 10.0 (9.8, 10.0) 10.0 (8.4, 10.0) 0.372
Saturated fat 9.7 (7.3, 10.0) 9.7 (7.0, 10.0) 10.0 (7.7, 10.0) 10.0 (7.0, 10.0) 0.476

Sodium 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.462
Total HEI-SGA score 47.5 (41.7, 55.2) 48.8 (40.1, 56.1) 49.1 (41.9, 59.7) 47.0 (40.1, 52.6) 0.470

* Based on independent samples, Kruskal-Wallis. Groups that do not share a superscript are significantly different
from each other by post-hoc Bonferroni tests. DGLOV—dark green leafy and orange vegetables. BMI categories
used in Singapore for this age group: “At risk of nutrient deficiency” < 18.5; “Heathy range” 18.5–22.9; “Moderate
risk (of developing cardiovascular diseases) 23.0–27.0; “High risk” > 27.0 [17].

Tables 4 and 5 highlight that the majority of component scores differed across ethnic groups and
educational institutions. Participants of Chinese ethnic origin had the statistically highest (p < 0.001)
Total HEI-SGA score (median 52.4, IQR 44.4–60.4) followed by those of Indian (47.6 38.5–54.9) and
Malay (44.4, 37.2–50.2) ethnic origin (see Table 4). Students from the Junior College had a statistically
higher (p < 0.001) Total HEI-SGA score (56.6, 48.1–64.4) than those attending the polytechnic (47.4,
38.2–54.7) or ITE (47.4, 40.2–52.6). Junior College students appeared to have markedly higher median
scores for “Total fruit”, “Whole Fruit”, and “Total vegetables” than students from other educational
institutions (see Table 5 for further detail).

Table 4. Median component and total HEI-SGA values across all participants by ethnicity.

Median (IQR) Component and Total Scores

Chinese (n = 257) Indian (n = 134) Malay (n = 145) p-Value *

Total fruit 0.0 (0.0, 5.0) a 0.0 (0.0, 3.5) b 0.0 (0.0, 1.0) b <0.001
Whole fruit 0.0 (0.0, 5.0) a 0.0 (0.0, 3.2) b 0.0 (0.0, 0.0) b <0.001

Total vegetables 1.4 (0.0, 3.6) a 0.3 (0.0, 1.5) b 0.0 (0.0, 0.9) b <0.001
DGLOV 0.0 (0.0, 3.7) a 0.0 (0.0, 0.0) b 0.0 (0.0, 0.0) b <0.001

Total rice & alternatives 10.0 (8.0, 10.0) 10.0 (7.9, 10.0) 10.0 (7.4, 10.0) 0.458
Whole grains 0.0 (0.0, 0.0) a 0.0 (0.0, 0.0) a,b 0.0 (0.0, 0.0) b 0.001

Dairy 2.2 (0.0, 7.0) a,b 2.8 (0.0, 7.8) a 0.0 (0.0, 5.3) b 0.013
Total protein foods 10.0 (6.9, 10.0) 10.0 (6.6, 10.0) 10.0 (7.1, 10.0) 0.705

Total Fat 10.0 (9.7, 10.0) a 10.0 (6.7, 10.0) b 10.0 (6.0, 10.0) b 0.001
Saturated fat 10.0 (8.1, 10.0) a 9.5 (5.8, 10.0) b 9.1 (6.4, 10.0) b <0.001

Sodium 0.0 (0.0, 0.0) b 0.0 (0.0, 0.0) a 0.0 (0.0, 0.0) a 0.009
Total HEI-SGA score 52.4 (44.4, 60.4) a 47.6 (38.5, 54.9) b 44.4 (37.2, 50.2) c <0.001

* Based on independent samples, Kruskal-Wallis. Groups that do not share a superscript are significantly different
from each other by post-hoc Bonferroni tests. DGLOV—dark green leafy and orange vegetables.
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Table 5. Median component and total HEI-SGA values in Singaporean students attending different
educational institutions.

Median (IQR) Component and Total Scores

Components ITE (n = 100) JC (n = 100) POLY (n = 334) p-Values *

Total fruit 0.0 (0.0, 3.2) b 4.6 (0.0, 5.0) a 0.0 (0.0, 3.2) b <0.001
Whole fruit 0.0 (0.0, 0.4) b 4.2 (0.0, 5.0) a 0.0 (0.0, 4.0) b <0.001

Total vegetables 0.7 (0.0, 2.6) b 2.7 (0.0, 5.0) a 0.0 (0.0, 1.5) b <0.001
DGLOV 0.0 (0.0, 0.0) b 0.0 (0.0, 3.7) a 0.0 (0.0, 0.0) b <0.001

Total rice & alternatives 10.0 (6.3, 10.0) b 10.0 (8.8, 10.0) a 10.0 (7.9, 10.0) a,b 0.015
Whole grains 0.0 (0.0, 0.0) a 0.0 (0.0, 0.0) b 0.0 (0.0, 0.0) b 0.004

Dairy 0.0 (0.0, 4.0) b 3.4 (0.0, 8.4) a 2.1 (0.0, 7.3) a,b 0.002
Total protein foods 10.0 (6.7, 10.0) 10.0 (7.6, 10.0) 10.0 (6.4, 10.0) 0.433

Total Fat 10.0 (9.8, 10.0) 10.0 (9.4, 10.0) 10.0 (7.0, 10.0) 0.034
Saturated fat 10.0 (8.6, 10.0) b 10.0 (7.7, 10.0) a,b 9.7 (6.5, 10.0) a 0.008

Sodium 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.788
Total HEI-SGA score 47.4 (40.2, 52.6) b 56.6 (48.1, 64.4) a 47.4 (38.2, 54.7) b <0.001

* Based on independent samples, Kruskal-Wallis. Groups that do not share a superscript are significantly different
from each other by post-hoc Bonferroni-corrected tests. ITE—Institute of Technical Education, JC—Junior College,
POLY—polytechnic, DGLOV–dark green leafy and orange vegetable.

4. Discussion

With accelerated economic development and urbanization over the past decades, Singapore faces
current and future public health challenges with non-communicable diseases [47], despite having one
of the highest estimates of healthy life expectancy of any country or territory globally [48]. The use of
diet quality indices has allowed researchers to consider overall dietary habits in relation to measures
of a population’s health using a single useful indicator with varying degrees of complexity [42].
The authors believe that the approach described in this paper provides a rational means to look at
overall dietary habits in this population group. As information of dietary intake within Singaporean
late adolescents/early adults is extremely limited, the current dataset should also provide support to
future national public health efforts. The approaches taken to consider how educational institution and
other factors are associated with diet quality in a diverse cross-section may have wider applications for
similar future studies globally.

The HEI-SGA scores across the cohort suggested that dietary intake was frequently divergent
from dietary guidelines in this cohort, with the median score of the current sample (48.5 out of 100)
appearing lower than similar estimates of diet quality in Singaporean pre-teen (median 65.4 out of 100)
and infants (mean 44.2 out of 65) noted in recent studies [34,35].

While wider data on dietary habits in late adolescents/young adults remain limited, previous
studies have suggested similar findings within individuals of this age range elsewhere in the world.
Cross-sectional data from the UK National Diet and Nutrition Survey highlight that diet quality
is far from ideal within this age range [49,50], with US cross-sectional data also highlighting that
individuals aged 14–18 years tended to have lower diet quality estimates than younger children [51,52].
Analysis of the Norwegian Longitudinal Health Behaviour Study dataset (which includes dietary
data collection from a Norwegian longitudinal cohort at eight time-points between 14 and 30 years)
highlighted a dip in fruit and vegetable consumption in early adulthood (until age 21 years and
23 years, respectively), alongside an increased intake of sugar-sweetened beverages and confectionary
items between the ages of 14 years and 18 years [53]. A similar study in the US suggested that the diet
quality of individuals may improve modestly between the ages of 16 years and 20 years [54].
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The component scores that most frequently scored highly (i.e., individuals met or exceeded dietary
guidelines) were for “Total rice and alternatives” and “Total protein foods”. These findings were
similar to previous studies, where intake of carbohydrates and proteins in late adolescents and early
adults in developed countries was rarely below the recommendation [55,56]. Although almost all
participants met or exceeded “Total rice & alternatives” recommendations, the component score for
“Whole grains” was negligible across the cohort. This somewhat aligns with data on adult intake
(aged 18 to 69 years) from the Singapore National Nutrition Survey (NNS) conducted in 2010, where it
was noted that only 27% of Singaporeans consumed one serving or more of wholegrain products per
day [19], up from 8.4% in 2004. O’Neil et al. (2011) reviewed the consumption of whole grains in USA
children and adolescents using the National Health and Nutrition Examination Survey (NHANES)
1999–2004 [57]. It was concluded that the consumption of whole grains was low, with a mean serving
of 0.63 servings of whole grains/d for adolescents, aged 13–18 years. Factors that have been suggested
to drive low intake of whole grains within this age group include poor expected palatability, limited
availability outside of the home, and consumers’ inability to identify wholegrain products [58,59].
There has been increased public health promotion of wholegrain consumption in Singapore, including
increasing the availability of whole grains by working with the food manufacturers to produce more
whole grain products and actively broadcasting the benefits of whole grains through initiatives such as
supermarket tours and school talks (Health Hub, 2017). In 2016 (after the end of data collection for the
current study), a major shift was made in the Heathy Meals in Schools Programme to stipulate that at
least 20% of the rice or alternative cereal-based foods should be whole grains and only wholemeal
bread can be used to prepare the sandwiches [22]. However, this programme is not mandatory for
all post-secondary education establishments. Currently, only food provision at Junior Colleges falls
under the purview of the Ministry of Education guidelines. Evaluation of whether this update in
recommended food provision has increased wholegrain food intake in Junior College students would
be interesting and should be possible through collection of further dietary data in this population.

The median component scores for the “Total fruit”, “Whole fruit”, “Total vegetables”, and “Dark
green leafy & orange vegetables” components were also low across the cohort. Data from the
Singaporean National Nutrition Survey suggests that intake of fruit and vegetables may have gone
down in adults over time, with a lower percentage of individuals meeting fruit and vegetable
recommendations in 2010 versus 2004. The intake of fruit is lowest in 18–29 year-olds, but vegetable
intake tends to be higher both for males and females in this age range than for older groups [19].
Low intake of fruit and vegetables appears relatively common in late adolescents/early adults in many
parts of the world [13]. For example, a recent study conducted in India found that adolescent girls’
consumption of vegetables and fruit was also considerably below the national Recommended Dietary
Intake [60].

The approach taken here was based on the wording of the food-based dietary guidelines in
Singapore. Weighting was used within scoring categories to ensure that intake of specific items
(e.g., whole fruits and green leafy and orange vegetables) was included in the criteria for maximal
scoring. Individuals who scored high for “Whole fruit” and “Dark green leafy & orange vegetables”
would also score highly for “Total fruit” and “Total vegetables”. While the current approach aligns
well with food-based dietary guidelines, an alternative scoring approach could have been to limit
the number of servings (of, for example, fruit juices or smoothies) that could be credited with a score.
Due to the low intake of fruits and vegetables in the current cross-section (>60% of all participants
scored zero for all fruit and vegetable component scores), this appears unlikely to have affected the
overall findings of the current study.

The lowest-scoring nutrient-based category in the HEI-SGA was sodium, for which the majority
of individuals scored less than 1.5 out of 10. The high sodium intake could possibly be attributed
to the frequent consumption of out-of-home food consumption previously noted in Singapore [61],
where many popular dishes (both of Asian and Western origin) tend to have high sodium content [62].
While attempts were made to estimate total salt (including elective salt) consumption accurately during
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collection of 24 h recall information, previous studies would suggest that total salt intake may be
under-reported using such methods [63].

It appears that the dietary habits among the students attending Junior College were closer to the
ideal. Students attending this institution tend to start and end the school day earlier compared to the
Polytechnic and ITE students. This could be driven by confounding factors like socio-economic status
linked to educational attainment [64,65] that have not been collected within the current study. It is
also unclear whether on-campus food provision was a major driver for more or less positive dietary
habits. Our current analysis has not separated site of food consumption beyond whether items were
consumed within the home and out-of-home, but this would form a rational focus for future research.

The HEI-SGA provides an approach to systematically evaluate the diet quality of Singaporean late
adolescents/early adults against the Health Promotion Board’s recommendations. The method used
to estimate HEI-SGA scores was largely based on the previous HEI-2010 method but was adapted
to Singaporean dietary guidelines. This previous method included energy adjustments for each
component score. Due to the potential for the methods for dietary intake estimation (24 h food recall)
to under-report intake, the authors felt that energy adjustment would help mitigate these potential
limitations [41,43]. It would have been more ideal to estimate physical activity levels in this cohort to
better define target energy intake [34]. However, the design of the current study did not allow this.
Estimation of physical activity energy expenditure is particularly relevant for similar future studies
where guidelines for total dietary energy intake differ based on physical activity levels.

Weight and height of the respondents were obtained based on self-declaration. This approach is
not as accurate as direct measurement methods [66] and may skew the HEI-SGA scoring for under- and
over-reporters. The proportion of individuals in this cohort who were self-reported as high risk/obese
(10.4%) was similar to the proportion recently estimated to exist in the adult population (8.7%) in
Singapore [17]. A novel food atlas was developed for culturally-relevant food items in Singapore
and used to support the collection of dietary recall data [41]. While similar tools have been used in
other populations effectively [67,68], it must be noted that the current tool has not been validated.
Nonetheless, the authors believe that this approach helped to ensure better estimation of food portion
sizes by respondents, thereby benefitting the overarching study outcomes. Ideally, dietary data
collection would also have involved replicate collection across 3–4 days [69]. However, neither direct
measurement of height and weight or additional dietary data collection were possible within the time
scale and were not available resources of the current study. Due to the scarcity of data of dietary habits
in Singaporeans of this age, it was decided to recruit a larger and more representative cohort for this
cross-sectional study. The design of this study aimed to evaluate the dietary habits of this population
in relation to the educational institution setting and so only dietary recall data from weekdays was
collected. While the current study had a sample size that would be likely to adequately represent the
overall population of post-secondary Singaporean students, the sub-analyses carried out here on sex,
ethnicity, BMI status, and institution of study may not have been adequately powered. The current
comparison only included data from three specific institutions that may not have represented the
wider range of educational institutions in Singapore. Future studies should consider more extensive
sampling across a wider range of institutions and advertising for participants through more inclusive
and widely-accessed methods (like institutional emails or social media platforms). Repeated and/or
more objective approaches for dietary data collection like weighed food diaries and height and weight
measurements should be measured directly by future study teams to improve confidence in dietary
and body weight status data. Additional record-keeping of individuals who declined participation
or withdrew would help align with consensus guidelines on best practice (see Appendix A) for the
running of observational studies [70].

Many savoury food items consumed by participants (e.g., fried rice, stir-fried noodles, and curry
chicken) contained proportions of food items from multiple food groups. Estimation of the contribution
of these items to the intake of each food group required utilization of available recipes and thus,
may not accurately depict the actual food consumed.
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There appears to be a future research need to develop interventions (for instance, to encourage
fruit and vegetables consumption) for this targeted group of post secondary school students over
a period of time and then to review the impact of the intervention by calculating and comparing
the HEI-SG before and after the interventions. The multi-vendor nature of each cafeteria/eatery
in Singaporean educational institutions reduces potential issues of access to positive choices [22].
Our findings suggest that such interventions may need to focus on improving personal choice of food
items towards better meeting food-based dietary guidelines. The existing standards for more prudent
food provision (currently recommended/enforced at Junior Colleges) could be considered at both
polytechnics and ITEs.

5. Conclusions

This work proposes a means of assessing diet quality in Singaporean late adolescents/young
adults and also highlights some of the major areas for improvement in the diet for this population.
Public health strategies should be customized to address the low intake of fruit and vegetables,
whole grains, and dairy products and the high intake of sodium for this group of adolescents,
with particular consideration for approaches that effectively engage students at different types of
educational institutions and from different ethnic groups.
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Abstract: Research comparing the adherence to food-based dietary guidelines (FBDGs) across coun-
tries with different socio-economic status is lacking, which may be a concern for developing nutrition
policies. The aim was to report on the adherence to FBDGs in high-income (HIC) and low-and-
middle-income countries (LMIC). A systematic review with searches in six databases was performed
up to June 2020. English language articles were included if they investigated a population of healthy
children and adults (7–65 years), using an observational or experimental design evaluating adherence
to national FBDGs. Findings indicate that almost 40% of populations in both HIC and LMIC do not
adhere to their national FBDGs. Fruit and vegetables (FV) were most adhered to and the prevalence
of adhering FV guidelines was between 7% to 67.3%. HIC have higher consumption of discretionary
foods, while results were mixed for LMIC. Grains and dairy were consumed below recommendations
in both HIC and LMIC. Consumption of animal proteins (>30%), particularly red meat, exceeded
the recommendations. Individuals from HIC and LMIC may be falling short of at least one dietary
recommendation from their country’s guidelines. Future health policies, behavioral-change strategies,
and dietary guidelines may consider these results in their development.

Keywords: dietary guidelines; adherence; diet intake; high-income countries; low- and middle-
income countries

1. Introduction

The obesity epidemic is becoming the greatest public health concern worldwide.
Globally, current data suggest that 1307 million adults are overweight and 671 million are
obese, and the number of cases in low- and middle-income countries (LMIC) are rapidly
reaching those observed in high-income countries (HIC) [1]. Morbidity and mortality
related to obesity have been shown to follow a socio-economic gradient, with higher rates
of chronic non-communicable diseases (NCD) among those from lower socio-economic
positions [2]. Diet, along with other lifestyle behaviors, is an important risk factor for many
NCD, and a large number of dietary components have been shown to be socio-economically
patterned [3–5]. The sharing of cultural ideas is enhanced with the rapid development of
the flow of goods, services, and capital, and the broadening of social networks via advanced
communication technologies and enhanced transportation systems. Thus, globalization has
accelerated diet and lifestyle changes—as seen with the westernization of diet quality [6].

Although first demonstrated in HIC, changes in diet quality have also been found in
LMIC [7,8]. For instance, results from multi-center cross-sectional study, assessing the diet
quality of individuals (n = 9218) for eight Latin American countries, showed that better
scores for healthy eating were found in higher socio-economic populations, while scores
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for unhealthy diet were observed in lower socio-economic populations [9]. Similar results
were found in an Australian population-based study (n = 11,247) [10]. Promoting the
consumption of a different food sources and high-quality diet among populations across
countries with different socio-economic status is an essential challenge to overcome [9,10].

A high diet quality consists of a variety of fruit and vegetables, lean meat and al-
ternatives, low-fat dairy, whole grains, and an adequate ratio of fatty acids (i.e., omega
6 and 3 fatty acids), while minimizing the consumption of discretionary foods, such as
those rich in added sugars, saturated fat, alcohol, and sodium [11–13]. Country-specific
food-based dietary guidelines (FBDGs) are crucial for policy reference standards in food
and nutrition, health, and agriculture [11,14]. FBDGs provide individuals dietary advice to
promote health, prevent diet-related diseases.

More than 100 countries have developed or are currently developing their FBDG [11,15].
To date, reviews on FBDGs have focused on providing a descriptive summary of current
global FBDG, evaluating differences and similarities of key elements of a healthy diet [16].
However, there is gap in reviews that evaluate adherence to FBDGs. Given that adherence
to FBDG has important implications for the diet and health of individuals and populations,
exploring levels of adherence to FBDG is important to inform public health policies, and
behavior-change strategies. Furthermore, understanding how adherence may differ among
HIC and LMIC is important given the disparities in diet quality across different parts of
the world [17].

Identification of trends and dietary inadequacies and inequalities can help inform
more targeted policies and behavior-change strategies to improve population health across
different socio-economic countries [18]. However, research comparing adherence to FBDGs
are lacking, which may be a concern for the development of nutrition policies. The aim of
this study was to review the content of all available FBDGs and report on the adherence to
the national FBDGs available in both HIC and LMIC, identified according to the Food and
Agriculture Organization/World Health Organization (FAO/WHO) list of guidelines [13].
The comparison between HIC and LMIC adherence to national FBDGs will inform potential
areas for improvements in future dietary guidelines.

2. Materials and Methods

The protocol for this systematic review was registered with PROSPERO (CRD
42020191131) [19] accessible at https://www.crd.york.ac.uk/prospero/, (17 March 2021)
and has been reported according to Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines [20].

2.1. Identification of the Studies

A systematic search of six electronic databases (i.e., CINAHL, Lilacs/SciElo, ProQuest,
PubMed, Scopus, Web of Science) was performed up to June 2020. Search results indexed
within each database from the date of inception to the search date were screened by two
authors (AL and SH). The following structured search strings were used: Adult OR Young
Adult OR Male OR Female AND Dietary Guidelines OR Food Guidelines OR Dietary
Recommendations OR Recommended Diet AND Socio-Economic OR Parental Education
OR Paternal Education OR Maternal Education OR Income AND Dietary Intake OR Food
Consumption OR Feeding Behavior OR Fruit OR Vegetable OR Fat OR Sodium OR Sugar.
Relevant truncations and adjacencies were used to enhance results by allowing variations
of the search terms. Manual review of the reference lists was conducted to identify studies
that may have been missed. Records were downloaded to EndNote X9.2 and duplicates
removed. Records were first assessed by title and abstract and then full text. All records
were assessed for inclusion based on the defined criteria. Any uncertainties regarding the
inclusion of a study were resolved through discussion among A.L. and S.H. or J.H.
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2.2. Eligibility Criteria

This review was limited to studies published in English. All studies were assessed
according to the following inclusion and exclusion criteria summarized according to the
PICO (Participants, Intervention, Comparison, and Outcome) framework:

Participants: Studies were eligible if they included free-living children, adolescents,
and adults until 60–65 years. The cut-off of 60 y was used in studies in LMIC and 65 y
was used for studies in HIC, which was based on the countries’ definition for older adults.
National FBDGs generally focus on these populations [11] as individuals outside of this
age range typically have special energy and nutrient needs [21,22] Studies that included
participants with a pre-existing disease, an organic cause for obesity and other chronic
NCD, or who were taking medication that could affect diet were excluded.

Intervention/Exposure: Studies were included if they used FBDGs to evaluate di-
etary intake in their own country. Guidelines developed by non-government institutions
were excluded. Studies were included if they assess FBDGs through dietary assessment
methods, such as food records, 24 h recalls (24hDR) and food frequency questionnaires
(FFQ). Studies assessing diet quality and/or adherence to guideline using indexes (e.g.,
adherence to Dietary Guidelines for Americans using Healthy Eating Index, Alternate
Healthy Eating Index, and Dietary Diversity Score) were excluded because they may have
assessed additional items outside the FBDGs. Adherence to recommendations in national
FBDGS was assessed based on individual level meeting or not meeting the national FBDGs
food groups recommendations.

Comparison: Different study designs, i.e., cross-sectional, cohort, and interventions
(randomized and non-randomized trials) were included in this review. If intervention
design was used, no exclusion criteria were placed on duration, length of follow-up or date.

Outcome: The key outcome of this review was to assess the adherence of participants’
dietary intake to their respective national FBDGs. Studies were excluded if they focused on
an outcome other than adherence to a national FBDG, i.e., obesity or other chronic NCD.

A secondary outcome of this review was to assess the difference in adherence to each
national FDBG according to their socio-economic classification for each country. Countries
were dichotomized into two types of economy: HIC and LMIC; upper-middle, lower-
middle, and low-income countries were identified as LMIC [23,24].

2.3. Data Extraction

Data were independently extracted from eligible studies by two reviewers (A.L. and
S.H.) and cross-checked for accuracy by a third reviewer (J.H.). The extracted data included
sample characteristics (age, sex, race/ethnicity, educational level), country, guideline used
(name) and adherence to the guideline (reported as mean (± standard deviation/error,
SD/SE) or frequency (%)).

2.4. Data Synthesis

Due to the heterogeneity of the study population and FBDG features (i.e., focused
components, e.g., energy and nutrients vs. other degree of food processing), it was not
possible to perform a meta-analysis. A narrative summary of the findings was conducted.

2.5. Quality Assessment and Risk of Bias

Study quality was assessed using a designed appraised tool developed by Effective
Public Health Practice Project (EPHPP) [25,26] for observational, cross-sectional, before
and after studies, and randomized controlled trials. Individual component and overall
quality ratings were scores as 1 for strong, 2 for moderate, and 3 for weak.

3. Results

3.1. Literature Search and Screening

Studies included in this review are summarized in Figure 1. A total of 12,557 eli-
gible papers were identified: 2851 from CIANHL/EBSCO, 411 from Lilacs/SciElo, 1307
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from ProQuest, 2413 from PubMed, 4508 from Scopus, and 1052 from Web of Science.
After excluding duplicates and reading titles, 2802 studies were assessed for eligibility.
Finally, 616 full-text articles met the inclusion criteria and 49 were considered for the
qualitative synthesis.

Figure 1. Flowchart of the included studies in the systematic review.

3.2. Study Design Characteristics of the High-Income (HIC) and Low- and Middle-Income
Countries (LMIC)

From the 49 articles included, only 1 article (2.0%) was case-control [27] while 83.7%
of the studies (n = 41) were cross-sectional, 4 (8.2%) longitudinal [28–31], and 3 (6.1%)
randomized controlled trial [32–34]. From the 41 cross-sectional studies, 21 (42.9%) were
performed in representative samples of individuals [35–51]. Table 1 shows details of the
studies, which included the FBDG from each country. Thirty-nine studies were conducted
in HIC, while the other 10 studies were from LMIC [41,42,51–58].

The average sample size for the HIC studies were 12,355 ranging from 32 [34] to
25,2425 [30], while average sample size for the LMIC were 745,050 ranging from 490 [57]
to 32,898 [51]. The studies were conducted in the following countries: United States of
America (USA) (n = 17) [27,32,34,35,46,48–50,59–66], Canada (n = 6) [31,36,44,67–69], Brazil
(n = 4) [42,51,53,54], Switzerland (n = 4) [29,37,40,43], Australia (n = 3) [70–72], China
(n = 2) [55,58], Belgium (n = 2) [38,73], Spain (n = 2) [30,47], Denmark (n = 1) [28], Egypt
(n = 1) [52], Germany (n = 1) [74], Greenland (n = 1) [75], Iceland (n = 1) [33], Malaysia
(n = 1) [56], Mexico (n = 1) [41], Qatar (n = 1) [39], South Korea (n = 1) [45], and Sri
Lanka (n = 1) [57]. Most of the studies (n = 32, 65.3%) were conducted in adults rang-
ing from 18 to 65 years old [27–29,32,34–37,39,40,42,43,48,50–55,57,59–61,64,65,67,70,71], five
(10.2%) [30,38,44,62,73] include all age groups, but stratifying them (i.e., children, adoles-
cents and/or adults), six (12.2%) [31,45,58,69,72,75] included only adolescents (10–19 years
old), and four (8.2%) [33,49,56,63] included children and/or adolescents (2–19 years).

196



Nutrients 2021, 13, 1038

T
a

b
le

1
.

St
ud

y
ch

ar
ac

te
ri

st
ic

s
an

d
ad

he
re

nc
e

to
di

et
ar

y
gu

id
el

in
es

.

R
e

fe
re

n
ce

S
tu

d
y

D
e

si
g

n
C

o
u

n
tr

y
N

a
n

d
S

e
x

(%
F

e
m

a
le

)
A

g
e

R
a

ce
/E

th
n

ic
it

y
D

ie
ta

ry
M

e
a

su
re

m
e

n
t

D
ie

ta
ry

G
u

id
e

li
n

e

H
ig

h-
In

co
m

e
co

un
tr

ie
s

Ew
er

s
et

al
.,

20
20

[2
8]

Lo
ng

it
ud

in
al

(2
00

3–
20

15
)

D
en

m
ar

k
10

0,
19

1
45

.2
%

fe
m

al
e

20
–3

0
y–

40
–1

00
y

58
.0
±

13
.1

N
R

FF
Q

D
an

is
h

Fo
od

Ba
se

d
D

ie
ta

ry
G

ui
de

lin
es

Sc
hw

ar
tz

an
d

Ve
rn

ar
el

li
20

19
[3

5]
C

ro
ss

-
se

ct
io

na
l

U
SA

31
94

≥1
8

yo
N

R
1×

24
hR

D
ie

ta
ry

G
ui

de
lin

es
fo

r
A

m
er

ic
an

s/
M

yP
la

te
or

M
yP

yr
am

id

Sc
hu

h
et

al
.,

20
19

[2
9]

Lo
ng

it
ud

in
al

(1
99

3–
20

16
)

Sw
it

ze
rl

an
d

M
=

68
9

50
.5

%
fe

m
al

e
35

–7
4:

51
.9

yo
±

11
yo

N
on

-S
w

is
s:

31
.4

%
FF

Q
Sw

is
s

D
ie

ta
ry

G
ui

de
lin

es

Sc
hr

oe
te

r
et

al
.,

20
19

[2
7]

C
as

e-
st

ud
y

U
SA

57
19

.9
4
±

1.
20

N
R

1×
24

hR
D

ie
ta

ry
G

ui
de

lin
es

fo
r

A
m

er
ic

an
s/

M
yP

la
te

Ir
w

in
et

al
.,

20
19

[7
0]

C
ro

ss
-

se
ct

io
na

l
A

us
tr

al
ia

11
5

67
.8

%
fe

m
al

e
M

=
22

±
5

y
N

R
R

ec
or

ds
A

us
tr

al
ia

n
D

ie
ta

ry
G

ui
de

lin
es

H
ar

ri
so

n
et

al
.,

20
19

[3
6]

C
ro

ss
-

se
ct

io
na

l
C

an
ad

a
50

.2
%

fe
m

al
e

M
=

45
.0
±

0.
3

y
N

R
1×

24
hR

20
19

C
an

ad
a

Fo
od

G
ui

de

D
ıa

z-
M

én
de

z
an

d
G

ar
cı

a-
Es

pe
jo

20
19

[3
0]

Lo
ng

it
ud

in
al

(2
00

6–
20

11
–

12
)

Sp
ai

n
M

=
25

,2
42

5
≥1

6
yo

N
R

FF
Q

G
ui

de
to

H
ea

lt
hy

Ea
ti

ng
/S

pa
ni

sh
So

ci
et

y
fo

r
C

om
m

un
it

y
N

ut
ri

ti
on

M
es

tr
al

et
al

.2
01

9
[3

7]
C

ro
ss

-
Se

ct
io

na
l

Sw
it

ze
rl

an
d

15
45

0
53

.0
%

fe
m

al
e

48
.8
±

17
.4

y
N

R
FF

Q
Sw

is
s

D
ie

ta
ry

G
ui

de
lin

es

Be
le

ta
l.

20
19

[3
8]

C
ro

ss
-

Se
ct

io
na

l
Be

lg
iu

m
31

46
3–

64
y:

st
ra

ti
fie

d
by

ag
e

N
R

1×
24

hR
+

FF
Q

Fl
em

is
h

A
ct

iv
e

Fo
od

Tr
ia

ng
le

Sc
hw

ar
tz

an
d

Ve
rn

ar
el

li
et

al
.2

01
8

[3
5]

C
ro

ss
-

se
ct

io
na

l
U

SA
31

94
18

–5
0+

y
N

R
1×

24
hR

D
ie

ta
ry

G
ui

de
lin

es
fo

r
A

m
er

ic
an

s/
M

yP
la

te
or

M
yP

yr
am

id

Ju
n

et
al

.,
20

18
[5

9]
C

ro
ss

-
se

ct
io

na
l

U
SA

31
42

10
0%

fe
m

al
e

19
–7

0
y

N
on

-H
is

pa
ni

c,
W

hi
te

:5
1.

8%
N

on
-H

is
pa

ni
c,

Bl
ac

k:
19

.3
%

H
is

pa
ni

c:
22

.2
%

1 ×
24

hR
D

ie
ta

ry
G

ui
de

lin
es

fo
r

A
m

er
ic

an
s/

M
yP

la
te

Jo
ne

s
et

al
.2

01
8

C
ro

ss
-

se
ct

io
na

l
U

K
20

45
56

.5
%

fe
m

al
e

≥1
8

y
N

R
3d

fo
od

re
co

rd
U

K
G

ov
er

nm
en

tS
ci

en
ti

fic
A

dv
is

or
y

C
om

m
it

te
e

on
N

ut
ri

ti
on

197



Nutrients 2021, 13, 1038

T
a

b
le

1
.

C
on

t.

R
e

fe
re

n
ce

S
tu

d
y

D
e

si
g

n
C

o
u

n
tr

y
N

a
n

d
S

e
x

(%
F

e
m

a
le

)
A

g
e

R
a

ce
/E

th
n

ic
it

y
D

ie
ta

ry
M

e
a

su
re

m
e

n
t

D
ie

ta
ry

G
u

id
e

li
n

e

Br
as

sa
rd

et
al

.2
01

8
[6

7]
C

ro
ss

-
se

ct
io

na
l

C
an

ad
a

11
47

50
.2

%
fe

m
al

e
18

–6
5

y

C
au

ca
si

an
:9

4.
3%

A
fr

ic
an

-A
m

er
ic

an
:

2.
4%

H
is

pa
ni

c:
1.

7%
O

th
er

:1
.6

%

3 ×
24

hR
20

07
C

an
ad

a
Fo

od
G

ui
de

A
lT

ha
ni

et
al

.,
20

18
[3

9]
C

ro
ss

-
se

ct
io

na
l

Q
at

ar
11

09
48

.6
%

fe
m

al
e

18
–6

4
y

N
R

FF
Q

Q
at

ar
D

ie
ta

ry
G

ui
de

lin
es

St
ro

eb
el

e-
Be

ns
ch

op
et

al
.2

01
8

[7
4]

C
ro

ss
-

se
ct

io
na

l
G

er
m

an
10

3
75

.7
%

fe
m

al
e

18
–3

0:
24

.3
±

3.
1

y
N

R
FF

Q
G

er
m

an
N

ut
ri

ti
on

So
ci

et
y

C
ha

te
la

n
et

al
.,

20
17

[4
0]

C
ro

ss
-

se
ct

io
na

l
Sw

it
ze

rl
an

d
20

86
54

.7
%

fe
m

al
e

18
–7

5:
46

.8
±

15
.8

y
N

R
2×

24
hR

Sw
is

s
D

ie
ta

ry
G

ui
de

lin
es

M
is

hr
a

et
al

.,
20

15
[7

1]
C

ro
ss

-
se

ct
io

na
l

A
us

tr
al

ia
16

22
7

10
0%

fe
m

al
e

18
–7

5:
43

.5
±

1.
5

y
N

R
FF

Q
A

us
tr

al
ia

n
G

ui
de

to
H

ea
lt

hy
Ea

ti
ng

Sc
hu

m
ac

he
r

et
al

.,
20

14
[7

2]
C

ro
ss

-
se

ct
io

na
l

A
us

tr
al

ia
33

2
10

0%
fe

m
al

e
13

.7
:1

3.
4–

13
.9

y

A
us

tr
al

ia
n:

86
%

(A
bo

ri
gi

na
la

nd
To

rr
es

St
ra

it
Is

la
nd

er
:1

1%
)

Eu
ro

pe
an

:1
0%

A
si

an
:1

%
O

th
er

:3
%

FF
Q

A
us

tr
al

ia
n

G
ui

de
to

H
ea

lt
hy

Ea
ti

ng

Ye
n

an
d

Le
w

is
20

13
[3

2]

R
an

do
m

iz
ed

co
nt

ro
lle

d
tr

ia
l

U
SA

85
:4

1
in

te
rv

en
tio

n
vs

.
44

co
nt

ro
l

10
0%

fe
m

al
e

53
.8
±

6.
6

y

C
on

tr
ol

vs
.

In
te

rv
en

ti
on

W
hi

te
:9

5.
5

vs
.

10
0%

A
fr

ic
an

-A
m

er
ic

an
:

2.
3%

H
is

pa
ni

c:
2.

3%

FF
Q

D
ie

ta
ry

G
ui

de
lin

es
fo

r
A

m
er

ic
an

s/
M

yP
la

te

A
br

eu
et

al
.,

20
13

[4
3]

C
ro

ss
-

se
ct

io
na

l
Sw

it
ze

rl
an

d
43

71
53

.8
%

fe
m

al
e

35
–7

5:
57

.6
±

10
.5

y
Sw

it
ze

rl
an

d:
65

.1
%

FF
Q

Sw
is

s
D

ie
ta

ry
G

ui
de

lin
es

Bl
ac

k
an

d
Bi

lle
tt

e
20

13
[4

4]
C

ro
ss

-
se

ct
io

na
l

C
an

ad
a

33
,8

50
43

.2
%

fe
m

al
e

2–
51

+
y

Fr
en

ch
-B

ri
ti

sh
C

an
ad

ia
n:

57
%

O
th

er
:4

3.
1%

2×
24

hR
20

07
C

an
ad

a
Fo

od
G

ui
de

198



Nutrients 2021, 13, 1038

T
a

b
le

1
.

C
on

t.

R
e

fe
re

n
ce

S
tu

d
y

D
e

si
g

n
C

o
u

n
tr

y
N

a
n

d
S

e
x

(%
F

e
m

a
le

)
A

g
e

R
a

ce
/E

th
n

ic
it

y
D

ie
ta

ry
M

e
a

su
re

m
e

n
t

D
ie

ta
ry

G
u

id
e

li
n

e

R
os

si
te

r
et

al
.,

20
12

[3
1]

Lo
ng

it
ud

in
al

(2
00

2
an

d
20

05
)

C
an

ad
a

24
7

46
.4

%
fe

m
al

e
14

–1
6

y
N

R
FF

Q
20

07
C

an
ad

a
Fo

od
G

ui
de

Pa
rk

et
al

.,
20

12
[4

5]
C

ro
ss

-
se

ct
io

na
l

So
ut

h
K

or
ea

39
4

53
.8

%
fe

m
al

e
13

.9
6
±

0.
44

y
N

R
1×

24
hR

K
or

ea
n

N
at

io
na

lD
ie

ta
ry

G
ui

de
lin

es

M
cD

an
ie

la
nd

Be
lu

ry
,

20
12

[6
0]

C
ro

ss
-

se
ct

io
na

l
U

SA
60

50
.0

%
fe

m
al

e
25

.5
±

6.
3

y

N
on

-H
is

pa
ni

c,
W

hi
te

:7
8.

3%
N

on
-H

is
pa

ni
c,

Bl
ac

k:
5.

0%
A

si
an

:1
1.

7%
In

di
an

:5
.0

%

FF
Q

D
ie

ta
ry

G
ui

de
lin

es
fo

r
A

m
er

ic
an

s,
M

yP
yr

am
id

K
ir

kp
at

ri
ck

et
al

.,
20

12
[4

6]
C

ro
ss

-
se

ct
io

na
l

U
SA

16
,3

38
ad

ul
ts

an
d

ch
ild

re
n

N
on

-H
is

pa
ni

c,
W

hi
te

:4
1.

1%
N

on
-H

is
pa

ni
c,

Bl
ac

k:
25

.8
%

M
ex

ic
an

-
A

m
er

ic
an

:
25

.3
%

1×
24

hR
D

ie
ta

ry
G

ui
de

lin
es

fo
r

A
m

er
ic

an
s,

M
yP

yr
am

id

A
lle

n
et

al
.,

20
11

[6
8]

C
ro

ss
-

se
ct

io
na

l
C

an
ad

a
29

1
71

.7
%

fe
m

al
e

20
–3

5+
y

N
R

Fo
od

re
co

rd
20

07
C

an
ad

a
D

ie
ta

ry
G

ui
de

W
in

ha
m

an
d

Fl
or

ia
n

20
10

[6
1]

C
ro

ss
-

se
ct

io
na

l
U

SA
17

1
10

0%
fe

m
al

e
18

–6
0:

34
.4
±

9.
1

y

H
is

pa
ni

c:
76

.7
%

Bi
cu

lt
ur

al
or

En
gl

is
h

do
m

in
an

t:
23

.4
%

FF
Q

D
ie

ta
ry

G
ui

de
lin

es
fo

r
A

m
er

ic
an

s,
M

yP
yr

am
id

N
ic

la
se

n
an

d
Sc

hn
or

20
10

[7
5]

C
ro

ss
-

se
ct

io
na

l
G

re
en

la
nd

24
62

11
–1

7
y

N
R

FF
Q

G
re

en
la

nd
ic

Bo
ar

d
of

N
ut

ri
ti

on

K
ri

st
ja

ns
do

tt
ir

et
al

.,
20

10
[3

3]

R
an

do
m

iz
ed

co
nt

ro
lle

d
tr

ia
l

Ic
el

an
d

10
6:

58
in

te
rv

en
ti

on
an

d
48

co
nt

ro
l

3–
9

y
N

R
3d

fo
od

re
co

rd
s

Fo
od

-b
as

ed
D

ie
ta

ry
G

ui
de

lin
es

se
tf

or
Ic

el
an

di
c

po
pu

la
ti

on

K
re

b-
sm

it
h

et
al

.,
20

10
[6

2]
C

ro
ss

-
se

ct
io

na
l

U
SA

16
33

8
2–

71
+

y
(s

tr
at

ifi
ed

by
ag

e
gr

ou
p

an
d

se
x)

N
R

2×
24

hR
D

ie
ta

ry
G

ui
de

lin
es

fo
r

A
m

er
ic

an
s,

M
yP

yr
am

id

V
an

de
vi

jv
er

e
et

al
.,

20
09

[7
3]

C
ro

ss
-

se
ct

io
na

l
Be

lg
iu

m
31

68
43

.4
%

fe
m

al
e

≥1
5

y
(s

tr
at

ifi
ed

by
ag

e)
N

R
2×

24
hR

+
FF

Q
Fl

em
is

h
A

ct
iv

e
Fo

od
Tr

ia
ng

le

199



Nutrients 2021, 13, 1038

T
a

b
le

1
.

C
on

t.

R
e

fe
re

n
ce

S
tu

d
y

D
e

si
g

n
C

o
u

n
tr

y
N

a
n

d
S

e
x

(%
F

e
m

a
le

)
A

g
e

R
a

ce
/E

th
n

ic
it

y
D

ie
ta

ry
M

e
a

su
re

m
e

n
t

D
ie

ta
ry

G
u

id
e

li
n

e

K
ra

nz
et

al
.,

20
09

[6
3]

C
ro

ss
-

se
ct

io
na

l
U

SA
21

4
45

.8
%

fe
m

al
e

2–
12

y
(s

tr
at

ifi
ed

ag
e)

N
on

-H
is

pa
ni

c,
W

hi
te

:4
7.

7%
N

on
-H

is
pa

ni
c,

Bl
ac

k:
43

.5
%

N
on

-H
is

pa
ni

c,
A

si
an

:1
8.

7%
O

th
er

:1
0.

3%
H

is
pa

ni
c:

14
.0

%

3 ×
24

hR
D

ie
ta

ry
G

ui
de

lin
es

fo
r

A
m

er
ic

an
s,

M
yP

yr
am

id

Jo
hn

et
al

.,
20

08
[6

9]
C

ro
ss

-
se

ct
io

na
l

C
an

ad
a

14
10

G
ra

de
7

an
d

11
st

ud
en

ts
N

R
1 ×

24
hR

+
FF

Q
20

07
C

an
ad

a
Fo

od
G

ui
de

Se
rr

a-
M

aj
em

et
al

.,
20

07
[4

7]
C

ro
ss

-
se

ct
io

na
l

Sp
ai

n
21

60
53

.9
%

fe
m

al
e

N
R

N
R

2 ×
24

hR
+

FF
Q

G
ui

de
to

H
ea

lt
hy

Ea
ti

ng
/S

pa
ni

sh
So

ci
et

y
fo

r
C

om
m

un
it

y
N

ut
ri

ti
on

Ta
nd

e
et

al
.,

20
04

[4
8]

C
ro

ss
-

se
ct

io
na

l
U

SA
91

11
51

.4
%

fe
m

al
e

20
–5

9:
37

.4
±

0.
2

y

N
on

-H
is

pa
ni

c,
W

hi
te

:7
5%

N
on

-H
is

pa
ni

c,
Bl

ac
k:

10
.4

%
M

ex
ic

an
-

A
m

er
ic

an
:5

.9
%

O
th

er
s:

8.
5%

1×
24

hR
D

ie
ta

ry
G

ui
de

lin
es

fo
r

A
m

er
ic

an
s,

Fo
od

Py
ra

m
id

Pu
lle

n
an

d
W

al
ke

r,
20

02
[6

4]
C

ro
ss

-
se

ct
io

na
l

U
SA

37
1

10
0%

fe
m

al
e

34
–8

6:
62

y

W
hi

te
:9

2.
6%

Bl
ac

k:
0.

5%
H

is
pa

ni
c:

2.
2%

A
si

an
:3

.3
%

N
at

iv
e

A
m

er
ic

an
:

0.
8%

O
th

er
:0

.5
%

FF
Q

D
ie

ta
ry

G
ui

de
lin

es
fo

r
A

m
er

ic
an

s,
Fo

od
Py

ra
m

id

A
nd

in
g

et
al

.,
20

01
[6

5]
C

ro
ss

-
se

ct
io

na
l

U
SA

10
3

10
0%

fe
m

al
e

17
–4

2:
21

.6
±

4.
6

y

Bl
ac

k:
23

%
W

hi
te

:3
2%

A
si

an
:2

0%
H

is
pa

ni
c:

23
%

3d
fo

od
re

co
rd

s
D

ie
ta

ry
G

ui
de

lin
es

fo
r

A
m

er
ic

an
s,

Fo
od

Py
ra

m
id

Br
ad

y
et

al
.,

20
00

[6
6]

C
ro

ss
-

se
ct

io
na

l
U

SA
10

9
56

.9
%

fe
m

al
e

7–
14

:1
0.

2
±

1.
7

y
N

R
1×

24
hR

D
ie

ta
ry

G
ui

de
lin

es
fo

r
A

m
er

ic
an

s,
Fo

od
Py

ra
m

id

200



Nutrients 2021, 13, 1038

T
a

b
le

1
.

C
on

t.

R
e

fe
re

n
ce

S
tu

d
y

D
e

si
g

n
C

o
u

n
tr

y
N

a
n

d
S

e
x

(%
F

e
m

a
le

)
A

g
e

R
a

ce
/E

th
n

ic
it

y
D

ie
ta

ry
M

e
a

su
re

m
e

n
t

D
ie

ta
ry

G
u

id
e

li
n

e

M
un

õz
et

al
.,

19
97

[4
9]

C
ro

ss
-

se
ct

io
na

l
U

SA
33

07
50

.2
%

fe
m

al
e

2–
19

:s
tr

at
ifi

ed
by

ag
e

W
hi

te
,

N
on

-H
is

pa
ni

c:
67

.9
%

Bl
ac

k,
N

on
-H

is
pa

ni
c:

16
.6

%
H

is
pa

ni
c:

11
.9

%

2 ×
24

hR
D

ie
ta

ry
G

ui
de

lin
es

fo
r

A
m

er
ic

an
s,

Fo
od

Py
ra

m
id

C
le

ve
la

nd
et

al
.,

19
97

[5
0]

C
ro

ss
-

se
ct

io
na

l
U

SA
81

81
58

.7
%

fe
m

al
e

20
–6

0+
:s

tr
at

ifi
ed

by
ag

e

W
hi

te
,N

on
-

H
is

pa
ni

c:
77

.1
%

Bl
ac

k,
N

on
-H

is
pa

ni
c:

11
.8

%
H

is
pa

ni
c:

8.
3%

O
th

er
s:

2.
8%

1×
24

hR
+

2
fo

od
re

co
rd

s
D

ie
ta

ry
G

ui
de

lin
es

fo
r

A
m

er
ic

an
s,

Fo
od

Py
ra

m
id

G
am

be
ra

et
al

.,
19

95
[3

4]

R
an

do
m

iz
ed

-

tr
ia

l
U

SA
32

37
.5

%
fe

m
al

e
33

.3
±

6
y

N
R

3d
fo

od
re

co
rd

s
D

ie
ta

ry
G

ui
de

lin
es

fo
r

A
m

er
ic

an
s,

Fo
od

Py
ra

m
id

Lo
w

-a
nd

m
id

dl
e-

in
co

m
e

co
un

tr
ie

s

St
ee

le
et

al
.,

20
20

[5
4]

C
ro

ss
-

se
ct

io
na

l
Br

az
il

10
,1

16
78

.0
%

fe
m

al
e

18
–6

0+
y:

st
ra

ti
fie

d
by

ag
e

N
R

FF
Q

D
ie

ta
ry

G
ui

de
lin

e
fo

r
th

e
Br

az
ili

an
Po

pu
la

ti
on

20
14

A
ns

ar
ia

nd
Sa

m
ar

a
20

18
[5

2]
C

ro
ss

-
se

ct
io

na
l

Eg
yp

t
24

22
53

.8
%

fe
m

al
e

18
.9
±

1.
4

y
N

R
FF

Q
W

H
O

di
et

ar
y

gu
id

el
in

es
fo

r
Ea

st
er

n
M

ed
it

er
ra

ne
an

re
gi

on
So

us
a

an
d

C
os

ta
20

18
[5

3]
C

ro
ss

-
se

ct
io

na
l

Br
az

il
50

6
57

.0
%

fe
m

al
e

20
–5

0+
y:

st
ra

ti
fie

d
by

ag
e

N
R

2×
24

hR
Br

az
ili

an
D

ie
ta

ry
G

ui
de

lin
e

20
06

/F
oo

d
Py

ra
m

id
Lo

uz
ad

a
et

al
.,

20
18

[5
1]

C
ro

ss
-

se
ct

io
na

l
Br

az
il

32
,8

98
≥1

9
y

N
R

2×
24

hR
D

ie
ta

ry
G

ui
de

lin
e

fo
r

th
e

Br
az

ili
an

Po
pu

la
ti

on
20

14

Ti
an

et
al

.,
20

17
[5

5]
C

ro
ss

-
se

ct
io

na
l

C
hi

na
14

,4
52

51
.9

%
fe

m
al

e
20

–5
9:

42
.8
±

10
.3

y
N

R
3×

24
hR

C
hi

ne
se

Fo
od

Pa
go

da

Ba
ti

s
et

al
..,

20
16

[4
1]

C
ro

ss
-

se
ct

io
na

l
M

ex
ic

o
79

83
50

.6
%

fe
m

al
e

5–
20

+
y:

st
ra

ti
fie

d
by

ag
e

N
R

1×
24

hR
M

ex
ic

an
D

ie
ta

ry
G

ui
de

lin
es

C
hi

n
K

oo
et

al
.,

20
16

[5
6]

C
ro

ss
-

se
ct

io
na

l
M

al
ay

si
a

17
73

48
.6

%
fe

m
al

e
7–

12
:s

tr
at

ifi
ed

by
ag

e

M
al

ay
:5

9.
2%

C
hi

ne
se

:1
9.

5%
In

di
an

:6
.7

%
O

th
er

s:
14

.7
%

FF
Q

M
al

ay
si

an
D

ie
ta

ry
G

ui
de

lin
es

Ve
rl

y-
Jr

et
al

.2
01

3
[4

2]
C

ro
ss

-
se

ct
io

na
l

Br
az

il
16

61
56

.5
%

fe
m

al
e

37
.7
±

29
.9

y
N

R
2×

24
hR

D
ie

ta
ry

G
ui

de
lin

es
fo

r
Br

az
ili

an
po

pu
la

ti
on

/P
yr

am
id

201



Nutrients 2021, 13, 1038

T
a

b
le

1
.

C
on

t.

R
e

fe
re

n
ce

S
tu

d
y

D
e

si
g

n
C

o
u

n
tr

y
N

a
n

d
S

e
x

(%
F

e
m

a
le

)
A

g
e

R
a

ce
/E

th
n

ic
it

y
D

ie
ta

ry
M

e
a

su
re

m
e

n
t

D
ie

ta
ry

G
u

id
e

li
n

e

Ja
ya

w
ar

de
na

et
al

.,
20

13
[5

7]
C

ro
ss

-
se

ct
io

na
l

Sr
iL

an
ka

49
0

65
.5

%
fe

m
al

e
48

.3
±

15
.6

y

Si
nh

al
es

e:
75

.6
%

M
us

lim
:5

.9
%

Sr
iL

an
ka

n
Ta

m
il:

9.
5%

In
di

an
Ta

m
il:

9%

2 ×
24

hR

Fo
od

-b
as

ed
D

ie
ta

ry
G

ui
de

lin
es

fo
r

Sr
iL

an
ka

an
d

D
ie

ta
ry

G
ui

de
lin

es
fo

r
Br

az
ili

an
po

pu
la

ti
on

/P
yr

am
id

Z
ha

ng
et

al
.,

20
12

[5
8]

C
ro

ss
-

se
ct

io
na

l
C

hi
na

22
04

53
.8

%
fe

m
al

e
12

–1
7:

15
.1
±

1.
9

y
N

R
FF

Q
C

hi
ne

se
Fo

od
Pa

go
da

24
hR

:2
4

h
re

ca
ll;

M
=

m
ea

n;
FF

Q
:F

oo
d

Fr
eq

ue
nc

y
Q

ue
st

io
nn

ai
re

,N
R

:N
ot

R
ep

or
te

d;
Y

=
ye

ar
s.

N
ot

e:
C

ou
nt

ri
es

w
er

e
id

en
tifi

ed
as

hi
gh

an
d

lo
w

-t
o

m
id

dl
e-

in
co

m
e

co
un

tr
ie

s
ba

se
d

on
th

e
W

or
ld

Ba
nk

cr
it

er
ia

.

202



Nutrients 2021, 13, 1038

3.3. Adherence to the National Food-Based Dietary Guidelines (FBDGs)

The adherence to the dietary guidelines is reported on Table 2. The majority of
the studies reported adherence to the national FBDGs as percentage of meeting the rec-
ommendations [28–30,35–41,43,44,46–48,51–53,56,58,59,61,64,65,68,72,74,75], while only
four [35,45,48,70] reported as mean (±SD/SE) servings/day of a certain food group.
Almost 40% of the population from both HIC and LMIC do not adhere their national
FBDGs [28,29,37,43,44,51,52,56,61–63,65,75].

Adherence to National FBDGs in HIC and LMIC by Food Groups

The percentages of meeting the guidelines in the HIC ranged from 14.0% [75] in
Greenland to 43.0% [65] in the USA, and in the LMIC from 40.0% [56] with Malaysians
and 45.0% [52] with Egyptians meeting at least one recommendation from their country-
specific FBDG. The food groups that were most frequently reported as having been met
for the dietary guidelines were fruits and vegetables (n = 19, 38.8%) [27,30,35,37,38,40,41,
43,44,48,52,53,56,64,70,72,74,75]. The adherence to fruit group recommendations in HIC
varies from 14% in a population of school-age children from Greenland [75] to 67.3%
in the overall Spanish population [30], and in LMIC from 13.4% in Malaysian children
and adolescents [56] to 49.4% in the overall Brazilian population [53]. The adherence to
vegetable group guidelines in HIC varies from 11.4% in the US population [59] to 43.7% in
the Spanish population [30], and in LMIC varies from 9.5% in Malaysian adolescents [56]
to 74.1% in the Brazilian population [53]. Some HIC and LMIC reported the combined
fruit and vegetable guideline adherence: 18% in Swiss population [40], 7–16% in Mexican
population [41] and 33.4% in Egyptian adolescents [52]. The adherence reported in HIC
was less than 1.5 and 3 servings/day for fruit and vegetables (FV), respectively [48,70].
More specifically, a Canadian study with 33,850 individuals over 2 years reported the
adherence to recommendations for dark green vegetables and orange fruits of 12% and 8%,
respectively [44].

Dietary intake of discretionary foods, i.e., foods high in fat and oils, sugars and
sweets, and sodium, were reported by 11 studies (22.4%) [30,35,36,38,41,51–53,70,74,75].
In HIC, studies were mixed in regards to reporting food groups, i.e., one study reported
that 36.5% were exceeding the recommendations for sweets [30], 90.1% for oils [74], and
14.7% and 18.6% for cookies and soft-drinks, respectively [75]. The average servings/day
for discretionary foods and fats/oils were 1.5 [70]. Studies in LMIC, also varied when
reporting the groups of discretionary foods: 99.6% and 58.3% of adults from Brazil exceeded
recommendations for fats/oils and sugars [53]; 56.4% and 58.9% of adolescents from Egypt
for sweets, fast-food and canned foods [52]; and 84% and 72% of children and adolescents
in Mexico for sugar-sweetened beverages and high-saturated fat and added sugars [41].
Louzada et al. [51] showed that only 20.4% of the Brazilian population were eating ultra-
processed foods.

Other food groups from national FBDGs reported in the studies included: grains
(whole vs. refined), proteins (eggs, meats, and fish), and dairy and alternatives. Reported
adherence to guidelines for grains and cereals were 3.8% for women in the USA [64], 79.2%
for Greenlandic adolescents consuming potatoes [75] and 50.5% of Germans consuming
whole grains [74]. Schwartz and Vernarelli [35] found that individuals that used the
MyPlate® guideline to inform eating patterns had higher intakes of whole grains (1.1 to
0.8 servings/day) and refined grains (6.0 to 6.6 servings/day) as compared to those who
did not use the guideline. In LMIC, less than 40% population of the met recommendations
for adequate grain intake in their national FBDGs, [53,56,58], especially among younger
participants. In HIC, adherence to milk and alternatives guidelines ranged from 8.4%
in Switzerland [43] to 51.9% in US women [64]; and in LMIC from 5.5% with Malaysian
youth [56] to 12.5% in an overall sample of Brazilian adolescents and adults [53]. One
Australian [70] and one USA [48] study reported an average of 1.0 serving/day of dairy group.
Finally, HIC studies that evaluated the adherence to guidelines for meat and alternatives
showed an average intake 30.0% higher than the recommendations [30,37,43,64,74,75], with
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one study showing 95% of the population meeting the recommendations [74]. Alternatively,
the adherence to guidelines for meat and alternatives in LMIC showed mixed results.
In Brazil [53] and in China [58] adherence was greater than 65.0%, but in Egypt [52],
Malaysia [56], and Mexico [41] it was less than 23.0%. Koo et al. [56] only reported the
intake for fish and seafood, and the majority of the studies both from HIC and LMIC
reported a high prevalence for (red) meat consumption.

3.4. Risk of Bias of the Included Studies

From all the included studies, selection bias (2.2 ± SD 0.5) was the most reported bias,
while study design (0.1 ± SD 1.2) the less reported bias. Figure 2 shows the risk of bias of
each component rating for the included studies.

* EPHPP: Effective Public Health Practice Project 

Figure 2. Risk of bias of the included studies based on the Effective Public Health Practice Project:
ratings for each component.
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4. Discussion

This review synthesized the evidence from observational and intervention studies
reporting the adherence to national FBDGs in individuals from both HIC and LMIC.
The 48 studies included in this review were conducted across 15 HIC and 4 LMIC, thus
representing a broad perspective on this study objective. This review found that a large pro-
portion of individuals in both HIC and LMIC are not meeting national dietary guidelines.
Meat and alternatives, and discretionary foods were consumed above the recommended
amounts, and vegetable intake was below the recommendations. A global review of 90 FB-
DGs found that most of the dietary guidelines demonstrated that the food groups that
were most adhered to were the starchy staples (e.g., rice and potatoes) and the fruit and
vegetables, while other groups were less adhered to across the countries [16].

Evidence from this review suggests that the global population may not be meeting
the minimum dietary recommendations for FV and whole-grains, with more pronounced
deficits in those from HIC. All national FBDGs have common themes that FV and whole
grains should be incorporated in a healthy diet for the prevention of obesity, other chronic
NCDs, and some nutrient deficiencies [11,12,76]. These food sources usually provide a low
amount of fat, and are key sources of vitamins, minerals, and dietary fiber [77]. In some
countries, particularly LMIC, where diets of nutritionally vulnerable groups (i.e., children,
adolescent girls, women of child-bearing age, and older adults) continue to be inadequate,
the co-occurrence of deficiencies from more than one micro-nutrient is common [76,78].
Thus, population-level interventions to improve dietary intake are urgently needed to
reverse these global trends.

Findings from this review also demonstrated that discretionary foods and other high
sugar and fat sources may exceed the recommendations in national FBDGs. However, it
may be noted that most of the included studies assessing fat consumption only reported
total fat intake or the combination of fats and oils, with the exception of one study that
evaluated food groups and omega-3 fatty acid consumption after a nutrition education
program [32]. Thus, most studies did not differentiate between the types of fat consumed in
the diet, such as saturated fats, trans fats, and unsaturated fats (e.g., omega 3/omega 6 fatty
acids). Given the importance of the associations between different types of fatty acid con-
sumption in different age groups and prevention of several negative health outcomes, such
as chronic NCD in adults and older adults [79] and cognitive development in children [80],
this information might be valuable. For example, it would be beneficial to distinguish be-
tween the negative impacts of saturated/trans fats and positive effects of unsaturated fatty
acids in the diet. Furthermore, the finding that the consumption of discretionary foods, such
as SSB and sweet snacks, exceed recommendations (i.e., 1 serving = 600kj (143kcal)) [81,82]
is crucial for researchers and practitioners given that consumption of these foods may
contribute to unhealthy weight gain [83,84]. Unhealthy weight gain is associated with
several risk factors for poor health outcomes, public health policies, behavioral-change
strategies, and periodical updates on the national FBDGs are needed to tackle this problem.

The studies included in this review suggest that dietary intake patterns differ across
age groups. For instance, children and adolescents usually consume fewer FV and other
fiber sources [85,86] than adults. Notably, evidence from systematic reviews [87,88] showed
that children and adolescents had lower adherence to national FBDGs, and that families
play an important role in influencing their eating behaviors [89,90]. Thus, family aspects of
eating behavior might be included as key messages on public health initiatives and other
resources for the population.

The strengths of this systematic review include the examination of a topic that filled a
gap in the existing literature. This systematic review aimed to identify adherence to national
FBDGs and verify possible differences between HIC and LMIC. The studies included in
this review were conducted in five different continents (North America, South America,
Asia, Europe, and Oceania), providing a global perspective on the topic.

This study was not without limitations. Only studies including children older than
2 years, adolescents, and adults were included, as nutrition recommendations for younger
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children and older adults may differ. Only studies that directly compared intake to their
national FBDGs were included; no other measurement tools that were based on the recom-
mendations (e.g., Healthy Eating Indexes) or direct comparisons to international energy
and nutrient recommendations (e.g., Institute of Medicine and World Health Organization)
were included. This may have caused confirmation bias, when interpreting the studies [91].
Some studies were not performed in representative samples of the correspondent popula-
tion, compromising their representativeness. Also, the methodology has its own limitations,
as, some of the articles included evaluated the dietary intake with one 24hDR with limited
items, which is not representative of the habitual diet. Nevertheless, this method is accepted
for studying the intake in a large sample of population and estimating the mean nutrients
intake [92]. Reported dietary intake may provide biased results (under or over-reporting
by participants) due to social desirability. Furthermore, only English publications were
included. Additionally, a greater proportion of the studies that evaluate adherence to the
FBDGs were from HIC, especially from the USA, limiting the generalizability of the results
to other countries. Finally, the selected studies included a variety of population sub-groups
(e.g., sex, age, and weight status) that made it difficult to make conclusions across studies.

5. Conclusions

National dietary guidelines can be a useful tool to promote a healthy diet for different
age groups. A diet based on these guidelines should provide adequate energy and nutrient
intake and support a healthy weight status and positive health outcomes. The findings
from this review demonstrate that individuals in both HIC and LMIC may be falling
short in at least one recommendation from national guidelines. Overall, these results
suggest that a substantial proportion of the population are not consuming enough FV and
whole grains. Excess intake of discretionary foods was also observed, especially among
younger populations from both HIC and LMIC, and the overall population in HIC. Thus,
socio-demographic factors (e.g., age, sex, and income) may influence adherence to the
guidelines. These findings can help inform the development of future health policies,
behavioral-change strategies, and food-based dietary guidelines.
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Abstract: Rural Australians experience a higher burden of diet-related chronic disease than their
metropolitan counterparts. Dietary intake data is needed to understand priorities for nutrition
initiatives that reduce disparities in the health of rural Australians. A systematic literature review
aimed to synthesize the evidence on dietary intakes in adult populations residing in rural and
remote Australia, to identify areas for intervention, and make recommendations for future research.
A comprehensive search of five electronic databases was conducted and 22 articles were identified
for inclusion. Half of the included studies (50%) collected dietary data using non-validated
questionnaires and nearly half (41%) did not benchmark dietary intakes against public health
guidelines. Most studies (95%) showed that rural populations have suboptimal dietary intakes.
Despite the high level of preventable diet-related disease in rural and remote Australia, this review
identified that there is insufficient high-quality dietary data available and a lack of consistency between
dietary outcomes collected in research to inform priority areas for intervention. Further cross-sectional
or longitudinal data should be collected across all remoteness areas, using robust, validated
dietary assessment tools to adequately inform nutrition priorities and policies that reduce rural
health disparities.

Keywords: rural; nutrition; community; dietary assessment

1. Introduction

Dietary risk factors, namely, low intakes of fruits, vegetables, and whole grains and high intakes
of sodium and saturated fat, are now the leading preventable risk factors contributing to the burden
of disease in Australia [1] and globally [2]. The Australian Burden of Disease study in 2015 showed
that 38% of the burden of disease was attributable to preventable risk factors [3] and that dietary risk
factors and obesity contributed to almost half of the preventable burden of disease [3].

People who live in rural and remote areas experience higher rates of diet-related disease when
compared to their metropolitan counterparts, including cardiovascular disease, type 2 diabetes,
high blood pressure, chronic kidney disease, and overweight and obesity [1,4]. Access to and
promotion of healthy food is challenging in rural and remote Australia as small population sizes and
increasing distances from urban centers limits the variety of food available and increases the price
of fresh, healthy food [1,5,6]. In addition, Australians living in rural and remote areas experience
greater sociodemographic disadvantage than those in urban areas, which makes healthy food more
unaffordable at a household level. As a result, national health survey data has shown that only 1 in
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10 people living outside major cities reported meeting recommendations for vegetable intake and
fewer Australians living in rural areas meet fruit recommendations (47%) than their metropolitan
counterparts (52%) [1]. However, the national health survey estimates food and nutrient information
for the population based on a 24 h dietary recall, which may be less reflective of habitual dietary
patterns than other dietary assessment techniques (such as a food frequency questionnaire (FFQ)).
Additionally, the survey includes only limited sampling from rural populations and no sampling in
very remote areas of Australia, identifying a clear opportunity to collect additional robust dietary data
in these regions to strengthen our understanding of how dietary risk factors are driving rural health
inequalities [7].

Growing evidence suggests that the gap in mortality from cardiovascular disease between rural
and metropolitan Australians would be reduced if improvements in diet could be achieved in rural
areas [4,8]. Alston et al. reported that the gap in ischemic heart disease mortality between rural and
metropolitan Australia could be reduced by 38% if rural Australians were able to achieve the same risk
factor levels for diet, alcohol, physical activity, and tobacco smoking as their metropolitan counterparts,
with further gains if all public health recommendations were met [4,8]. This study identified the
lack of dietary data collected from rural areas as a major barrier preventing further modelling in all
rural and remote areas of Australia. Additionally, a recent review by Alston & Partridge identified
a lack of evidence from intervention studies that aimed to improve dietary intake in rural Australia
over the past 20 years and a major limiting factor was that dietitians and/or nutritionists were rarely
involved in study design or delivery [9]. Given there is a lack of high level investment and progress
made in addressing issues with healthcare access in rural and remote areas of Australia, interventions
to reduce dietary risk factors are important to support the health of current and future generations.
Clear identification of key priority areas for initiatives or policy change to reduce dietary risk factors in
rural areas is required, in addition to an understanding of the current dietary intake patterns in these
communities. With an absence of routine national-level monitoring of dietary intakes in rural and
remote Australia, a synthesis of the evidence from published studies that characterize dietary intake
patterns in rural communities is needed.

Therefore, this systematic literature review aimed to (i) synthesize the evidence characterizing
dietary intake among adults residing in rural and remote areas of Australia, (ii) identify key priority
areas for intervention and policy, and (iii) make recommendations for future research.

2. Materials and Methods

2.1. Protocol and Registration

This systematic review was conducted and reported following the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) statement guidelines [10] (See Supplementary
Information Table S1 for checklist and Figure 1 for flow diagram). A protocol for the review was
submitted to the International Prospective Register of Systematic Reviews (PROSPERO) (Registration
number CRD42020173340).

2.2. Eligibility Criteria

This review aimed to synthesize dietary intake data available from studies conducted in community
settings outside of major cities of Australia (or MM2 and above, as classified by the Modified Monash
Model (MMM)) [11], that included adults (defined as ≥18 years) defined by the Medical Subject
Headings (MeSH) definitions. For ease, the term “rural” used throughout this paper refers to all areas
classified as MM2 and above by the MMM [11].
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Studies were included that met the following criteria:

• Study designs including

� cross-sectional, longitudinal studies; and
� randomised controlled trials, or before and after studies that included baseline dietary data;

• Dietary intake data including (but not limited to) serves of foods, food groups, and nutrient intake
data collected using quantitative dietary assessment methods (e.g., FFQ, 24 h recall);

• All study settings were included (e.g., health care, community, home, or school-based settings) in
areas classified as regional or remote based on the Australian Statistical Geographical Standard
Remoteness Areas (ASGS-RA) [12] or categorized as MM2 or above [11]. If both rural and urban
populations were included, dietary data must be stratified according to rurality;

• published in English due to a lack of translational resources;
• published on or after 1 January 2000 due to variation in the different remoteness classification

systems being used over time [11,13].

Figure 1. PRISMA flow diagram of included studies.
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Studies were excluded if they met the following criteria:

• Study designs including case reports, reviews, editorials, letters to the editor, or qualitative research;
• Inclusion of people under 18 years, or if people under 18 years of age were included but the

authors did not stratify outcomes according to age;
• Inclusion of populations living in metropolitan areas only (MM2 and above) or if metropolitan and

urban populations were included and the authors did not stratify outcomes according to rurality;
• Dietary intake was measured using qualitative methods, apparent consumption data, food supply

data, or similar; or
• Reported dietary intake following an intervention or changes only (i.e., no baseline data).

2.3. Literature Search and Study Selection

Five major electronic databases (CINAHL (EbscoHost), Medline (Ovid), EMBASE (Elsevier),
Academic search premier (EbscoHost), and Rural and Remote Health database (INFORMIT),
were systematically searched from 1 January 2000 until 30 April 2020 and online searching was
conducted until 30 June 2020.

Search terms included combinations, truncations, and synonyms of the following:

• Diet*; Nutrition*; Nutrient*; Macronutrient*; Energy; Fib*; Micronutrient*; Vitamin*; trace element*;
Mineral*; Intake*

• regional Australia; remote Australia; remote; regional; farming community; community;
New South Wales; Northern Territory; South Australia; Tasmania; Western Australia; Queensland;
Victoria; Australian Capital Territory.

Additional articles were obtained through a manual search of reference lists, conference
proceedings, and abstracts and by contacting experts in the field.

An overview of the study selection is provided in Figure 1. One author (L.A.) carried out all electronic
database searches, merged all search results into the reference management software (Covidence
systematic review software; Veritas Health Innovation, Melbourne, Australia), and duplicate records
were removed. Study selection followed the process described in the Cochrane Handbook of Systematic
Reviews [14]. Two authors (L.A. and K.K.) independently screened all titles, abstracts, and full text
articles to remove irrelevant studies according to the eligibility criteria. Any disagreements were
discussed and resolved by consensus between two authors and there was no need for further
consultation with a third author due to a high level of agreement between the two authors.

2.4. Data Extraction, Synthesis, and Quality Assessment

For studies meeting the inclusion criteria, information was extracted using a pre-designed electronic
data extraction table that included details such as author, year of data collection, population and
remoteness area (MMM) [11], number of participants, dietary data collection methods, dietary data
characteristics, findings related to the dietary data, and strengths and limitations of the study.
Additionally, it was determined whether the dietary outcomes were compared to or interpreted
against recommendations made in the Australian Guide to Healthy Eating (AGHE) [15] and Australian
Nutrient Reference Values (NRVs) [16]. Two authors extracted 50% of the data and conducted an
independent cross-check of a random sample of 30% of the included studies for accuracy. When two or
more articles reported results from the same study, all articles were considered together for complete
data extraction. The researchers used the Australian Governments “Health Workforce Locator” (HWL)
location classification database [17] to check the remoteness of each intervention based on information
provided in the papers. If the location description was unclear, the lead author of the study was
contacted to clarify the information in order to ensure correct remoteness classifications for both the
ASGS and the MMM. If no response was received, an estimate of location remoteness was mapped
using the HWL based on the information provided.
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The Newcastle Ottawa tool for cross-sectional data was used to assess the quality of each study [18].
Using this tool, each study was evaluated based on the appropriateness of the study design and
the quality of how the study was conducted. The checklist allows an objective rating (positive,
neutral, or negative) to be given to each study. The CREATE tool was used to assess the quality of
studies including Indigenous participants and was assessed by TW (who identifies as an Aboriginal
Australian) [19]. The CREATE tool is designed to operate alongside other quality appraisal tools.
It does not score numerically and defines studies based on 14 questions that consider the cultural
context and safety of conducting Indigenous research based on Indigenous ways of knowing.

The key characteristics of the included studies were summarized in text form and tabulated using
the information collected from the data extraction form.

3. Results

As summarized in the PRISMA diagram in Figure 1, the searches retrieved 1862 abstracts in total
and after the removal of duplicates, a total of 1406 articles were screened for inclusion based on their title
and abstract. Of these, the full texts of 99 articles were reviewed to find 22 articles that met the inclusion
criteria. Reasons for exclusion (Figure 1) at the full-text stage included that the studies did not report
on dietary intake data as part of the manuscript results, included participants under the age of 18 years,
and did not stratify results by rurality (if metropolitan participants were included). Full details of the
study designs, method of diet data collection, results, and conclusions of the studies are summarized
in Table 1. Of the 22 studies, almost half included dietary data that were 10 or more years old (collected
in 2010 or earlier) [20–28]. Three of the studies were intervention studies and baseline dietary data
were extracted only [21,29,30]. An overview of the distribution of study characteristics is provided in
Table 2, including dietary outcomes reported and dietary assessment instrument used and whether the
authors compared dietary intakes with national public health recommendations.
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Table 2. Characteristics of included studies.

Characteristic Number of Studies References

Visual representation Number of studies (%)

Modified Monash Model classification

MM2 •••••• 6 (27) [22,23,28,29,31,32]
MM3 ••••••••• 9 (41) [20,21,26,29,32–36]
MM4 ••••••••• 9 (41) [20,21,29,30,32–36]
MM5 •••• 4 (18) [20,21,29,30,32–35,37]
MM6 •••• 4 (18) [30,32,34,38]
MM7 ••••• 5 (23) [27,38–40]

Unclear but reported as rural
and/or remote ••••• 5 (23) [24,31,41–43]

Sample size (rural/remote sample only)

<100 ••• 3 (14) [21,26,28]

100–500 ••••••••••• 11 (50) [22,23,30,31,33,35,36,38,
39,42,43]

501–1000 •••• 4 (18) [24,29,32,34]
1001+ •••• 4 (18) [20,27,37,40]

Dietary outcomes

Food group serves/grams ••••••••• 9 (41) [26,27,29,33,37,39,40,42,
43]

Macronutrient/s or energy •••••••• 8 (36) [21,22,29,30,34–36,40]
Diet Quality Indices/Diet Score ••••••• 7 (32) [24,26,28,30,32,35,36]

Non-quantifiable data (e.g.,
frequency of consumption) ••••• 5 (23) [20,24,31,38,41]

Micronutrient/s ••• 3 (14) [22,23,26]

Dietary tool

Non-validated questionnaire or
short survey ••••••••••• 11 (50) [20,22–24,27,28,31,33,37–

39,42]
Validated Food Frequency

Questionnaire ••••••••• 9 (41) [21,26,29,30,32,34–36,41]

24 h recall •• 2 (9) [40,43]

Comparison to national public health recommendations

None •••••••••• 10 (45) [20,22,24,28,30,31,34,35,
37,40]

Australian Guide to Healthy
Eating ••••••••• 9 (41) [26,27,32,33,36,38,39,42,

43]
Nutrient Reference Values •••• 4 (18) [21,23,26,36]

National Health and Medical Research Council (NHMRC) Australian Guide to Healthy Eating [15] and Nutrient
Reference Values [16].

3.1. Dietary Outcomes

Dietary intake data were collected across all non-metropolitan classifications of the MMM,
including areas classed as MM2-MM7, and most commonly in MM3 and MM4 (Table 2). Dietary data
from a range of sample sizes were reported, ranging from 30–6020 people [28,41], most commonly with a
sample size between 100–500 adults (Table 2). The studies presented the dietary data in a variety of ways.
Most commonly, dietary data was reported as intake of food groups (e.g., grams or serves of fruit
per day), followed by energy intake (total kJ/day) and information on macronutrient intake (in grams
or kJ/day). Additionally, dietary data was presented using various diet quality scores, which compared
dietary intake to adequacy of nutrient and/or food group recommendations. Non-quantifiable dietary
data (i.e., without portion sizes) and micronutrient intake data were less commonly reported (Table 2).

3.1.1. Food Groups

Nine studies reported dietary intakes in consumption of foods and food groups [26,27,29,33,37,39,40,
42,43]. Fruit and vegetables were the most commonly reported food groups. However, a synthesis
of the adequacy of dietary intakes of fruits and vegetables was not possible due to differences
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in the way studies reported dietary intake for these food groups (see Table 3 for differences in
the reporting style for fruit and vegetables). Regardless, intakes of fruits and vegetables in rural
populations were largely inadequate. For example, Nour et al. reported on the differences in intake
between urban, regional, and remote young adults, showing that rural dwelling youth consumed less
fruit and fruit juice and more starchy vegetables than their urban counterparts [43]. There was no
significant difference in reported fruit and vegetable intake between people living in regional centers,
large rural towns, and small rural towns in a cross sectional study of adults by Simmons et al. [20].
In this study, approximately half of respondents did not meet fruit intake recommendations and
fewer (30%) respondents met vegetable recommendations. This study also reported that there was
no relationship between eating takeaways monthly and risk of obesity [20]. Five studies presented
non-quantifiable dietary intake data, most often reporting the frequency of consumption for particular
foods (e.g., takeaway foods) (Table 2) [20,24,31,38,41].

Table 3. Comparison of outcomes for fruit and vegetable intake and the dietary assessment tool used
among the included studies.

Reference

Fruit and Vegetable Consumption Reporting Style

Dietary Assessment
Tool

Mean or Median
g/Day

Mean or Median
Serves/Day

Mean or Median %
Contribution to

Energy/Day

% of Adequate or
Inadequate Intake against

Guidelines

[39] Fruit: 75 g/day
Vegetables: 87 g/day

Non-validated
questionnaire or

short survey

[33]

Meeting fruit guidelines:
47%

Meeting vegetable
guidelines: 39%

Non-validated
questionnaire or

shor survey

[27]
Fruit 1.0 serves

Vegetables
1.2 serves/day

Non-validated
questionnaire or

short survey

[26]
Fruit: 199.4 g/day

Vegetables:
253.5 g/day

Fruit: 1.4 serves
Vegetables:

3.4 serves/day

Meeting fruit guidelines:
16%

Meeting vegetable
guidelines: 17%

Validated Food
Frequency Questionnaire

[37]

Fruit guidelines:
0 serves = 11%, 1 serve =

39%, 2 serves = 34%,
3 serves = 15%, Vegetable
guidelines: 0 serves = 3%,

1 serve = 21%,
2 serves = 34%,
3 serves = 55%

Non-validated
questionnaire or

short survey

[29] Fruit: 189 g/day
Vegetables: 171 g/day

Validated Food
Frequency Questionnaire

[40]
Fruit: 2.1% of energy
Vegetables: 4.8% of

energy
24 h recall

[42] Inadequate fruit or
vegetable intake: 84%

Non-validated
questionnaire or

short survey

[43] Fruit: 128 g/day
Vegetables: 205 g/day

Fruit: 0.9 serves/day
Vegetables:

2.7 serves/day
24 h recall

Australian Public
Health

Recommendation [15]

Fruit: 300 g/day
Vegetables: 375 g/day

Fruit: 2 serves
Vegetables: 5 serves - -

3.1.2. Nutrients

Eight studies reported on energy intakes and/or macronutrients intakes in their rural
sample [21,22,29,30,34–36,40]. For example, Harrison et al. collected cross-sectional data in 2012–2013
from women (n = 649) residing in areas classed as MM3-MM6. The study described the mean nutrient
intake of the sample, which was: mean energy intake of 7191 kJ/day, total fat intake of 74.3 g/day,
saturated fat intake of 30.8 g/day, protein 88.0 g/day, carbohydrate 176.5 g/day, and 20.4 g of fiber per
day [34]. Nutrient intakes in this sample were not compared with the AGHE or NRVs and instead,
the associations between nutrient intakes and weight status were explored with the authors reporting
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that a higher BMI was associated with increased nutrient intakes [34]. Additionally, energy and
macronutrient data was presented by Peach et al. for a sample of rural men (n = 131), showing that
median energy intake was 11288 kJ/day, however dietary intakes were not compared with NRVs.
Three studies reported micronutrient intake data (Table 2). Some studies were more targeted, reporting
only micronutrient intakes in the absence of other dietary data. For example, Peach et al. 2000 used a
self-administered quantitative food and beverage frequency questionnaire to determine calcium intake
in 131 rural adults [23]. The authors presented dietary data as the proportion of respondents with low
calcium intake against an identified cut off value, but did not report mean calcium intakes nor compare
intake data clearly against the national NRVs [23].

3.1.3. Dietary Patterns

Seven studies reported diet quality scores or applied dietary patterns analysis on dietary data
collected in their sample of rural adults [24,26,28,30,32,35,36]. Thorpe et al., used an 111-item version of
the Cancer Council FFQ in a cross-sectional study of 1667 adults (men and women) and benchmarked
dietary intake using a score of compliance (The Dietary Guideline Index) with the AGHE [32]. The study
found that in this large rural sample, participants demonstrated poor diet quality when compared
with the AGHE recommendations [32] and that rural men (but not women) had significantly poorer
diet quality when compared with urban respondents. Mishra et al. undertook a cross-sectional study
with 6020 females aged 50–55 years using a 100-item version of the Cancer Council FFQ, analyzed
the dietary data using factor analysis, and presented the results as daily frequency of consumption
of 15 food groups [41]. The study compared diets between urban and rural women and found that
the most frequently consumed foods for rural women were processed foods [25]. O’Kane applied a
non-validated Food Habit Score to 10 food consumption questions in their cross-sectional study of
Australian rural men as an indicator of diet-quality. Respondents to their survey with lower Food
Habit Scores were significantly more likely to report needing a health scare before changing their
lifestyle [24].

3.1.4. Multiple Dietary Outcomes

Some studies collected high-quality dietary data and were able to report on multiple dietary factors.
For example, Martin et al. (2018) presented baseline dietary data collected using the Cancer Council
of Victoria FFQ from an RCT involving 230 females (aged 18–50 years) [30]. The study presented
energy, macronutrient, and micronutrient intake and a score for diet quality using the “a priori” Dietary
Guideline Index (DGI). Mean energy intake in the group was 8051.7 (SD 1827.6) kJ per day and diet
quality scores were reported to be suboptimal at baseline [30]. Another study by Martin et al. (2017)
presented cross-sectional data comparing the diets of rural women versus urban dwelling women [35].
Data presented showed that rural women consumed a mean of 7965.4 kJ of energy per day, 93.7 g of
protein/day, 189.1 of carbohydrates per day, and 79.3 g of fat per day (41.1% being from saturated fat).
The study did not benchmark the nutrient intakes against the NRVs, but hypothesized that women in
rural areas had a higher meat intake than those in urban areas [35]. Lombard et al. collected dietary
data as part of a randomised controlled trial at baseline, reporting energy intake (kJ/day) and daily
intake (grams/day) of pre-defined food groups (fruit, vegetables, takeaway food, snack food, alcohol,
and breakfast cereal). Although the study did not compare the reported dietary data with the AGHE,
rural women in the sample were not consuming adequate fruit and vegetables according to AGHE
recommendations [29].

3.2. Comparison with Public Health Nutrition Guidelines

Studies predominantly presented dietary data with no comparison against public health nutrition
guidelines [20,22,24,28,30,31,34,35,37,40]. However, all of the studies that compared dietary intakes
against public health nutrition guidelines showed that dietary intake was suboptimal in rural areas,
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except for one study, which found a high proportion of participants to be meeting the guidelines based
on self-reported daily consumption of fruit and vegetables [33].

Nine studies compared food group intake to the Australian Guide to Healthy Eating
(AGHE) [26,27,32,33,36,38,39,42,43] and only one study comprehensively interpreted dietary intakes
against both the AGHE and NRVs [26]. For example, Brimblecombe et al. conducted a study with
148 Indigenous adults, using a culturally appropriate pictorial dietary questionnaire to understand
patterns in fruit, vegetable, water, and soft drink intakes in a remote community [39]. Results were
compared with recommendations in the AGHE and found that participants had low intakes of fruit
and vegetables at baseline. Participants consumed an average of 75 g/day of fruit per day and 87
g/day of vegetables. Three other studies [26,29,43] also reported fruit and vegetable intakes in g/day,
with each of these studies reporting that mean consumption fell below the recommendation of 300
g/day for fruits and 375 g/day for vegetables (Table 3).

Other studies did not explicitly report dietary intakes in g/day or serves/day but reported
the percentage of the study sample who met public health guidelines (Table 3). For example,
Noble et al. reported that 84% of their sample (n = 377 participants attending an Aboriginal Community
Controlled Health Service) reported consuming inadequate fruit or vegetables compared with AGHE
recommendations [42]. Similarly, Burgis-Kasthala et al. asked 326 adult participants how many
cups of fruit and vegetables they consumed on a daily basis and found that a high proportion of
participants were meeting fruit and vegetable recommendations [33]. Overall, 47.2% of participants
met the recommended daily fruit guidelines (38.8% of males and 51.9% of females) and 39.5% met
the daily vegetable guidelines (33.6% of males and 42.8% of females) [33]. Xu et al. undertook a
cross-sectional survey using a non-validated FFQ with 10 response options for a sample of Indigenous
adults with type 2 diabetes. The study found that when compared to national recommendations for
diet, both vegetable and fruit intake was very low, with no participants reporting adequate daily
vegetable intake and only 10% reported adequate fruit intake [38]. The authors noted that if the data
was representative of diet quality in Indigenous Australians with diabetes, this is poorer than that of
the Indigenous population nationally [38].

Four studies compared dietary intakes against NHMRC Nutrient Reference Values (NRVs) [21,23,26].
Lee et al. used the 120-item Australian Eating Survey FFQ (AES FFQ) to assess dietary intake in a small
sample (n = 58) of Indigenous pregnant women and applied the Australian Recommended Food Score
(ARFS) to compare dietary intakes against the AGHE. The study found that none of the women met all
recommendations and only a small percentage of the women (a third of women or less) were meeting
AGHE recommendations across each food group [26]. A study by Rheinhardt et al. also assessed the
diets of a small sample (n = 38) of pregnant women participating in a pilot intervention using a 74-item
Victorian Cancer Council FFQ. The study provided key macronutrient and micronutrient information
for the sample and showed that the rural women had suboptimal fiber recommendations and a high
intake of saturated fat [21]. The pregnant women were consuming a mean of 8910 kJ/day, 90 g/day
of fat, 38 g/day of saturated fats, and 223 g/day of carbohydrates in the intervention group. Owen et al.,
2020 conducted a cross-sectional survey of rural adults aged 55–89 years (n = 458) using the AES FFQ.
The authors applied the ARFS to provide a diet quality score for the sample [36]. The study reported
that 50% of men and women did not meet recommended intakes of fiber and 60% of men and 42% of
women exceeded recommended dietary sodium intakes.

3.3. Dietary Tools

A variety of dietary assessment techniques and tools were used including non-validated
questionnaires or short surveys [20,22–24,27,28,31,33,37–39,42], followed by validated food frequency
questionnaires [21,26,29,30,32,34–36,41] and 24 h food recalls [40,43].

Most studies included in this review used non-validated dietary assessment tools or short surveys
with limited generalizability. An example of this is an intervention study conducted by Aoun &
Rosenberg who reported baseline dietary intake data for 30 participants, which were collected using
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a short fat dietary score questionnaire [28], however was unclear how this score represents actual
fat intake. Additionally, Lim et al. conducted a cross-sectional survey of 1154 adults and asked
participants “on a typical day, how many servings of fruit/vegetable do you eat?” [37]. This is not
a validated technique and the study did not specifically benchmark the outcomes against fruit and
vegetable recommendations in the AGHE.

Nine studies used validated food frequency questionnaires [21,26,29,30,32,34–36,41], with the
number of food items ranging from 10 to 120 items (Table 1). The Cancer Council Australia Food
Frequency Questionnaire was the most commonly reported tool, with each study reporting consumption
of various food groups (both core and non-core foods), nutrient intake data, and diet quality scores.
In other studies, the food frequency questionnaire tools were inadequately described [22,23].

Two studies utilized a 24 h diet recall method, which is a comprehensive and well-validated
dietary assessment technique that can allow for high-quality food group and nutrient information to
be reported. For example, a cohort study that included 2583 Indigenous adults used brief interviews to
ask participants to recall their dietary intake from the past 24 h. On average, participants reported
consuming 1.0 serve of fruit in the past 24 h and 1.2 serves of vegetables [27]. Conversely, McMahon
undertook a cross sectional 24 h recall survey with 1363 Indigenous participants from very remote
communities and reported the contributions of food groups to overall energy intake [40].

3.4. Quality Assessment

The methodological quality of the included studies varied (see Supplementary Tables S2–S4).
Four studies received 5/10 stars [26,27,39,42], six studies [21,23,24,33,36,40] received 6/10 stars, and
the remaining studies scored 7/10 stars or above (see Tables S2 and S3). The Aboriginal and Torres
Strait Islander quality appraisal tool (CREATE) assessed six Indigenous-based studies [26,27,38–40,42]
(Table S4). The majority of studies included either “unclear” or “no” answers to the CREATE 14 criteria,
indicating room for culturally safe improvement in these papers, with a need to clearly report on
study aspects such as “did the research demonstrate capacity strengthening for Aboriginal and Torres
Strait Islander individuals”, “did the research have Aboriginal and Torres Strait Islander research
leadership”, and “ensuring that the research is guided by an Indigenous research paradigm”.

4. Discussion

This systematic literature review assessed the evidence characterizing dietary intakes in rural
Australian adults. The review highlights a paucity of information, with only 22 studies that have
collected relevant dietary intake data in non-metropolitan populations in Australia in the past two
decades and almost half of the studies including data that are 10 or more years old. More than
eight million people reside in rural Australia, with substantial evidence of diet-related rural health
inequalities that affect these individuals [1,3,4,8], yet this review demonstrates that there is very little
understanding of dietary intake patterns in these areas.

Dietary intake data collected from rural populations was captured and presented in multiple ways
which limited the possibility of pooling and synthesizing the dietary data in a more comprehensive way.
Most commonly, dietary data was presented as consumption of food groups, namely intake of fruits
and vegetables. However, there were inconsistencies in the way in which dietary data were collected
and presented (Table 3), meaning it is not currently possible to consolidate or make comparisons
between the studies, along with heterogeneity issues of the sampled populations. Only one study [26]
provided a comprehensive overview of dietary intakes in their study sample, including both food group
and nutrient analysis in addition to interpreting the dietary outcomes clearly against public health
recommendations. Therefore, this publication could be useful to inform ideal reporting practices for
future research. Less than half of the studies [21,23,26,32,33,36,39,42,43] benchmarked the dietary data
collected with existing public health nutrition guidelines, such as the AGHE, adding to the challenge of
making assessments of dietary intake between studies and among rural areas. These issues mean that
with the data available to date, clear priority areas for potential initiatives to improve dietary intakes in
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rural Australia are unable to be generated. Consistency in dietary data collection is needed to identify
specific needs amongst different populations residing across all levels of remoteness according to the
MMM, along with an understanding of the drivers of dietary intakes in these areas. Such data would
be used by researchers, local health services, health promotion officers, dietitians, local governments,
and policy makers to understand nutrition priorities for their individual communities in reducing the
burden of diet-related diseases.

Overall, the studies showed that dietary intakes were suboptimal across all rural populations
over the past 20 years, indicating that there is large potential for improvement in rural populations
across Australia. While dietary data has been collected in relatively few rural Australian communities,
it is likely that common challenges in rural food environments, such as poor food availability due to
diminishing population sizes and lower food access as a result of needing to travel long distances to
obtain food [44], mean that dietary intakes are likely to be suboptimal in most rural areas. Indeed,
our investigation of fruit and vegetable intakes in the included studies (Table 3) highlights an average
consumption between 87 and 199 g/day of fruit and 87 and 253 g/day of vegetables, which is substantially
lower than public health recommendations (Fruit: 300 g/day and Vegetables: 375 g/day [15]). In line
with previous research that shows that interventions targeting fruit and vegetable intakes should be
the highest priority when seeking to reduce diet related chronic disease burden in rural Australian
populations [4,8], only one study [33] showed a high proportion of participants were meeting fruit
and vegetable guidelines. Almost half of the participants in this study met the recommended daily
fruit guidelines and 39.5% met the daily vegetable guidelines. In contrast, data from the most recent
National Nutrition Survey found that nationally, only 8% of adults reported meeting vegetable
recommendations [45]. The authors explained that the discrepancy may be related to measurement
error in the fruit and vegetable consumption data by using a non-validated, self-reported tool in
addition to the fact that this study was conducted in a small sample in a single regional community that
is not representative of the wider rural community. However, perhaps further research is warranted in
this community to understand the drivers of higher fruit and vegetable intakes in a rural context.

Half of the studies included in this review (50%) used non-validated questionnaires or short
survey tools when collecting dietary intake data [20,22–24,27,28,31,33,37–39,42], indicating a major
issue when interpreting and comparing the results. It is plausible that the use of non-validated tools
and short surveys used in these studies are a result of low resourcing, along with considerations around
ease for participants. Additionally, it may reflect that the chosen method was developed to meet the
need of the individual study and provided relevant outcome measures for that specific research. It
is well recognized that selecting a dietary assessment method that is valid and acceptable to both
respondents and researchers can be challenging, especially for non-specialists [46]. While it is strongly
recommended that dietary data is collected in collaboration with nutrition experts, toolkits for different
research contexts are available for non-nutrition experts [47] to ensure high-quality dietary data is
collected and presented. When validated tools were applied, FFQs were the most common dietary
assessment technique [21,26,29,30,32,34–36,41] and were generally comprehensive tools with over 100
items. This reflects the broader literature and the common use of FFQ in research seeking to measure
dietary intakes [48], despite the known measurement errors, mainly under-reporting of dietary intakes.
FFQ has been shown to have higher measurement bias than the more accurate 24 h recall method,
which was used by only two studies in this review [40,43]. The 24 h recall method is frequently used in
study sub-samples to calibrate findings from the easier to administer FFQs [49]. We did not identify any
studies in rural populations that validated the FFQ results in the study, alongside collecting intake data.
Future dietary intake research in rural Australian populations must consider the accuracy of different
dietary intake measures in the design of studies, with the inclusion of some form of sub-population
validation assessment, as the majority of data synthesized in this review may be subject to high levels
of error and could be an overestimation of the quality of dietary intake in rural areas.
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4.1. Recommendations for Future Research

In light of the findings of this review, it is important that researchers consider the implications
around the scarcity of quality data collected on rural populations, the high levels of diet-related disease
risks in these areas, and the potential future uses of dietary data that may lead to progress in addressing
rural health disparities beyond the aims of individual studies. Where possible, collaborations should
be established with nutrition professionals with expertise in dietary assessment methodologies to
ensure valid, reliable tools are selected and that the outcome data is presented clearly, interpreted in
the context of relevant research, and compared with national public health recommendations. A lack
of high-quality dietary data collection and monitoring will contribute to inhibiting progress with the
prevention of chronic disease in rural areas for future generations. Additionally, multidisciplinary rural
health researchers should prioritize adding dietary outcomes to existing programs of health research,
which could further our understanding of the environmental and/or health system factors relevant to
diet-related disparities among rural populations. Future Australian research in rural communities
should be conducted with representative populations; include standardized measures of rurality;
use validated dietary assessment techniques; present comprehensive dietary outcome data; and clearly
compare dietary intakes with relevant public health recommendations.

4.2. Strengths and Limitations

To our knowledge, this review is the first comprehensive synthesis of the literature using a
systematic review methodology to synthesize the evidence on dietary intake data collected across
rural Australia. A strength of this study is that we used broad search terms in multiple databases,
across literature from the years 2000 to 2020. There are a number of limitations of this study, including
that there was only a small number of highly heterogeneous studies that met the inclusion criteria,
precluding a meta-analysis. As with all systematic reviews, the evidence synthesis here could be
limited by publication bias, where studies with neutral or negative results may not be published,
thus skewing results. Another limitation is that studies that included both rural and metropolitan
populations but did not stratify results by remoteness were excluded, despite potentially showing
efficacy and essential evidence for interventions in rural populations.

5. Conclusions

Despite the high level of preventable diet-related disease burden outside of major cities in
Australia, there is a lack of high quality data available on the dietary intakes of rural dwelling adults to
inform priorities for initiatives to improve dietary intake in these areas. Further and more frequent
cross-sectional or longitudinal dietary data collection using robust dietary assessment tools is needed
across all remoteness areas of Australia in order to adequately inform nutrition priorities and policy.
Researchers need to consider the implications and potential future use of dietary data beyond individual
studies to assist with progressing health and reducing diet-related chronic disease in rural areas.
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