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Abstract
This study investigates how dietary patterns and scores are associated with subsequent BMI and waist:height ratio (WHtR), and how BMI and
WHtR are associated with subsequent dietary patterns or scores, from 2–3 to 10–11 and 4–5 to 14–15 years of age. In the Longitudinal Study of
Australian Children, height, weight and waist circumference were measured biennially in children, yielding BMI z-score and WHtR. Parents,
latterly children, reported frequency of child consumption of 12–16 food/drink items during the previous 24 h. At each wave, we empirically
derived dietary patterns using factor analyses, and dietary scores based on the 2013 Australian Dietary Guidelines. We used structural-equation
modelling to investigate cross-lagged associations (n 1972–2882) between diet and body composition measures in univariable and
multivariable analyses. Dietary scores/patterns did not consistently predict WHtR and BMI z-score in the next wave, nor did BMI z-score and
WHtR consistently predict diet in the next wave. The few associations seen were weak and often in the opposite direction to that
hypothesised. The largest effect, associated with each standard deviation increase in BMI in wave 5 of the K cohort (age 12–13 years), was a
0·06 standard deviation estimated mean increase in dietary score (higher quality diet) in the subsequent wave (95% CI 0·02, 0·11, P= 0·003).
Associations between dietary patterns/scores and body composition were not strongly evident in either direction. Better quantitative
childhood dietary tools feasible for large-scale administration are needed to quantify how dietary patterns, energy intake and anthropometry
co-develop.
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Obesity is a major public health issue. Approximately one-quarter
of Australian children are overweight or obese and 7% are
obese(1). A major driver of childhood obesity is when dietary
energy intake exceeds energy expenditure. A major contributor to
this excessive energy intake among children and adolescents is
foods that are poor in dietary quality (e.g. higher in added sugar,
saturated fat and/or salt) such as cakes, biscuits and processed
meat products(2). However, with childhood obesity interventions
being largely ineffective in the population(3,4), it is crucial that we
better understand any bi-directionality of the relationship between
children’s body composition and dietary quality.

An alternative, and not mutually exclusive, hypothesis is that
obesity drives subsequent diet(5). Leptin, an adipocyte hor-
mone, is involved in inhibiting dietary intake(5,6). Leptin resis-
tance often occurs as a result of obesity. This means that,
compared with non-obese people, obese people cannot as
easily respond to leptin signals or regulate dietary intake(5),
meaning that they may consume more foods.

It is possible that pathways from diet to body composition
and from body composition to diet both operate simulta-
neously. Measures of body composition commonly include BMI
and waist:height ratio (WHtR) (waist circumference (cm)
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divided by height (cm)), which is a proxy for total fat(7).
Bi-directionality between diet and body composition is impor-
tant to consider for several reasons. In studies examining dietary
determinants of body composition, reverse causality might
occur, that is, body composition influencing diet(8,9). Further-
more, it is important to determine the relative contribution of
childhood diet to body composition, and how this contribution
changes with child age through development, in order to inform
the focus of future interventions.
Dietary patterns describe how foods group together in

typical diets(10). Dietary scores sum the frequency of foods
consumed that are considered to have health benefits or
detriments(10). Previous longitudinal studies have mostly
demonstrated null associations between dietary patterns or
scores as determinants of BMI or WHtR during childhood
and/or adolescence(11–14). However, few studies have
investigated both (i) whether diet is associated with sub-
sequent measures of body composition (e.g. BMI or
WHtR) and (ii) whether measures of body composition
(e.g. BMI or WHtR) are associated with subsequent diet in
children or adolescents. Within a population-based birth
cohort of approximately 3500 Portuguese children(14), an
energy-dense foods pattern at 4 years of age was
associated with higher BMI and WHtR at 7 years of age in
girls but not in boys. They also found no evidence of
adiposity measures at 4 years of age that were predictive of
dietary patterns at 7 years of age(14). In young children, the
consumption of energy-dense foods at 2 years of age did not
predict BMI z-score at 4 years of age, nor did BMI z-score at
2 years predict energy-dense food consumption at 4 years
of age(15).
Thus, there are significant gaps in what is known about

bi-directional relationships between dietary quality and body
composition across the full span of childhood. If strong rela-
tionships were found using low-burden, short self-reported
dietary measures that are feasible for everyday use, then these
could perhaps inform clinical or population guidance. This
study aimed to investigate (i) how dietary patterns and scores
are associated with subsequent BMI and WHtR, and (ii) how
BMI and WHtR are associated with subsequent dietary pat-
terns and scores, from ages 2–3 to 10–11 and 4–5 to 14–15
years, in the two population-representative cohorts of the
Longitudinal Study of Australian Children (LSAC). Dietary
scores were based on the 2013 Australian Dietary Guidelines
recommendations for children, which encourage high num-
bers of daily servings of fruit, vegetables and milk products or
alternatives; plenty of water; and a limited intake of fatty
foods, sugary foods and sweetened drinks(16). We hypothe-
sised that (i) healthier dietary scores, higher adherence to a
healthier diet (including frequent consumption of vegetables
and fruit) and lower adherence to an unhealthier diet
(including frequent consumption of sweetened drinks and
savoury snacks) would predict lower BMI and WHtR in sub-
sequent waves, and that (ii) lower BMI and WHtR would
predict healthier dietary scores, higher adherence to a
healthier diet and lower adherence to an unhealthier diet in
subsequent waves.

Methods

Recruitment and sampling

This paper involved secondary analyses of observational data
from LSAC. LSAC commenced in 2004; since then, it has col-
lected data every 2 years from the B cohort (aged 0–1 years at
wave 1) and the K cohort (aged 4–5 years at wave 1)(17,18). This
study used data from waves 1–6 of the B and K cohorts of LSAC,
collected between 2004 and 2014(17).

LSAC consisted of a general population-representative
sample(19). However, the most remote areas of Australia were
excluded(19). LSAC’s sampling frame was the Medicare enroll-
ment database(19). Medicare is Australia’s universal government-
funded healthcare programme into which 98% of Australian
children are enrolled by 12 months(19). The sample of children
included in LSAC was designed to represent Australia’s states/
territories and consisted of an urban/rural mix(19). LSAC used a
two-stage clustered sampling design(19). Briefly, this design
involved the random selection of 311/3325 (9·4%) of Australian
postcodes, after stratification by state/territory, capital city v.
rest of state and large v. small population size(19), followed by
the random selection of an average of twenty children from
each of these postcodes in the smaller states and territories
(forty children in the larger states)(19).

A total of 5107 and 4983 children were recruited into the B
and K cohorts, respectively(19), representing 57·2 and 50·4%
uptake. Approximately 5000 children were recruited for each
cohort so that the sample size was large enough so that even
after several waves of data collection, detailed statistical ana-
lyses could be performed(19). Online Supplementary Fig. S1
shows the retention and numbers across each of the LSAC
waves. The Australian Institute of Family Studies Ethics Com-
mittee(20) approved each wave and families provided written
informed consent to participate in the study.

Procedures and measures

In the LSAC, a variety of instruments, including questionnaires,
have been used throughout the study(21). The exact number of
instruments differed by wave(21). Relevant to these analyses,
data collection methods consisted of audio computer-assisted
interviews (for child ages 10 years or older); parent self-
complete or leave behind questionnaires for both parents;
face-to-face interviews, usually with ‘Parent 1’; and physical
measurements of the study child(21). Parent 1 is the parent who
knows the study child best, usually the biological mother(22).
These analyses used dietary and body composition data col-
lected for children for waves 1–6 (ages 4–5 to 14–15 years) of
the K cohort and waves 2–6 (ages 2–3 to 10–11 years) of the B
cohort.

Briefly, parents (for children aged 2–9 years) or children
(aged 10 years or older) reported the number of times the study
child consumed 12–16 individual or grouped food or drink
items within the previous 24 h or yesterday (listed in online
Supplementary Table S1)(23). Our dietary tool was not pre-
viously validated.
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Dietary scores

We derived a dietary score for each child, at each wave, based
mainly on recommended serves for a number of food groups,
outlined in the 2013 Australian Dietary Guidelines(16). First,
frequency of consumption in the last 24 h was scored as 0, 1 or
2 for each of seven food or drink categories: milk products or
alternatives, vegetables, fruits and water (all positively coded),
and fatty foods, sweetened drinks and sugary foods (all nega-
tively coded). We summed the scores from each individual
category to give an overall score, ranging from 0 to 14, for each
child at each wave, with higher scores reflecting a healthier
diet. Readers are referred to our previous publication(23) for
further details on the derivation of the dietary scores.

Dietary patterns

We statistically derived dietary patterns for each wave using
exploratory factor analyses(24), using all 12–16 food or drink
items (shown in online Supplementary Table S1) to derive the
factors or patterns. Readers are referred to our previous pub-
lication(23) for further details on the derivation of dietary pat-
terns. We obtained ‘healthy’ and ‘unhealthy’ patterns or factors
at each wave. The ‘healthy’ pattern was characterised by fre-
quent consumption of vegetables and fruit in all waves, and
water in most waves, each with high factor loadings of 0·3 or
higher, reflecting these as foods or drinks that are most pro-
minent in the ‘healthy’ factor(25). The ‘unhealthy’ pattern was
characterised by frequent consumption of sweetened drinks
and savoury snacks in all waves, sausages or sausage rolls,
hamburgers, hot dogs, meat pies, fruit juice and hot chips in
most waves (each with high factor loadings of 0·3 or higher);
and a high negative factor loading (below –0·3) for water
consumption in six out of eleven waves. Finally, we used the
means and standard deviations of each dietary variable to cal-
culate continuous healthy and unhealthy dietary pattern scores
for the healthy and unhealthy factors, respectively, for each
child, with an approach known as regression scoring. Healthy
dietary pattern scores ranged from –3·22 to 2·01 and unhealthy
dietary pattern scores ranged from –0·96 to 5·27.

Child BMI z-score

The child’s weight was measured once using Salter Australia
glass bathroom scales for wave 1, Salter Australia glass bath-
room scales and HoMedics digital BMI bathroom scales for
waves 2 and 3, and Tanita body fat scales for waves 4–6(22).
Children were measured without shoes in light clothing. The
child’s height was measured using an Invicta stadiometer, from
Modern Teaching Aids, for waves 1–3, and a laser stadiometer
for waves 4–6(22). Study researchers took two height measure-
ments, and if the two measurements differed by at least 0·5 cm,
a third measurement(22). The data file included the average of
the two closest height measures(22). For waves 2–6 of the B
cohort and 1–6 of the K cohort, child BMI was calculated as
weight (kg) divided by squared height (m2). BMI was converted
into BMI for age z-score (BMI z-score), based on Centers for
Disease Control and Prevention growth charts(26).

Child waist:height ratio

Waist circumference or girth was measured on the skin at the
level of the child’s navel, using a non-stretch dressmaker’s
tape(22). Waist circumference was measured twice, or three
times if the first two measurements differed by at least
0·5 cm(22). The data file included the average of the two closest
waist circumference measures(22). For waves 2–6 of the B
cohort and 1–6 of the K cohort, child WHtR was calculated as
waist circumference (cm) divided by height (cm).

Covariates

Table 1 describes how covariates were measured in this study.
Child covariates included indigenous background, language
other than English spoken at home, television viewing, pubertal
status, physical activity, age and sex, and whether the study
child was a singleton or from a multiple birth. Parent covariates
included parent 1 BMI, parent 1 age and parent 2 age. Other
covariates were birth weight z-score (corrected for gestational
age at birth), family/household socio-economic position and
neighbourhood disadvantage.

Statistical analysis

We performed all statistical analyses using Stata/IC 14.2
(StataCorp LLC) and implementing survey methods, with the
cross-sectional sampling weights from wave 1 of the B and K
cohorts. In order to allow variables to be easily compared, we
standardised dietary scores, ‘healthy’ patterns, ‘unhealthy’ pat-
terns and WHtR to each have a mean of 0 and standard
deviation of 1. We investigated associations between each
variable (all dietary measures, BMI z-score and WHtR) and the
same variable in the subsequent wave, using linear regression
analyses.

We performed cross-lagged analyses using the ‘sem’ com-
mand in Stata/IC 14.2. For these analyses, we included dietary
scores, ‘healthy’ patterns or ‘unhealthy’ patterns as the exposure
variable and BMI z-score or WHtR at the subsequent wave as
the outcome variable, followed by BMI z-score or WHtR as the
exposure variable and dietary scores/patterns at the subsequent
wave as the outcome variable (a conceptual diagram of our
analyses is provided as online Supplementary Fig. S2). We
identified covariates from directed acyclic graphs and previous
studies(11–13,15,32–39). The covariates included in cross-lagged
analyses were child indigenous status, language other than
English spoken at home, television viewing, pubertal status,
physical activity, age and sex; birth weight z-score (corrected
for gestational age at birth); and family/household socio-
economic position. We accounted for correlations between
dietary and body composition variables from subsequent
waves, using the ‘cov’ option. In order to ensure that cross-
lagged analyses that required a reduced sample (i.e. data from
waves 2–6 of the B cohort or waves 1–6 of the K cohort) were
consistent with wave-on-wave findings with more complete
samples, we additionally conducted wave-on-wave multi-
variable linear and Tobit regression analyses between dietary
and body composition measures. Drawing on prior
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literature(12,15,33,39), we also conducted sensitivity analyses,
which additionally included parent 1 BMI as a covariate, and
further sensitivity analyses, which additionally included parent
1 BMI, parent 1 age, parent 2 age, neighbourhood disadvantage
and whether the study child was a singleton or from a multiple
birth as covariates. The LSAC dataset is available to researchers
(see www.growingupinaustralia.gov.au).

Results

Descriptive characteristics

Table 2 shows the baseline characteristics of the study
sample, by cohort. There were approximately equal numbers
of girls and boys, and children in both cohorts had mean BMI
z-scores and WHtR of 0·5. The mean overall dietary scores
were 10·3 and 9·7 out of a possible 14 points for children in
the B and K cohorts, respectively, indicating that children in
both cohorts generally had reasonably healthy diets at
baseline. At age 8–9 years, 86·3% of the B cohort and 88·9 %
of the K cohort children had not yet commenced puberty.

In both cohorts, mean BMI z-scores and WHtR did not
change much across all of childhood and early adolescence
(online Supplementary Table S2). The distribution of dietary
variables was also similar at each wave of both cohorts
(online Supplementary Table S2). A total of 1972–2882
children had complete data from waves 2–6 of the B cohort
or all waves of the K cohort, so were included in cross-
lagged analyses. Wave-on-wave multivariable regression
analyses included 2642–4100 children.

Associations between dietary and body composition
measures

In linear regression analyses, for both cohorts we observed
strong associations for each variable (all dietary measures, BMI
z-score and WHtR) with the same variable in the subsequent
wave (all P< 0·001; results not shown). Figs. 1 and 2 show the
cross-lagged associations between dietary and body compo-
sition measures from multivariable analyses, accounting for
correlations between dietary and body composition variables
from subsequent waves. Numbers at the top of each panel are

Table 1. Longitudinal Study of Australian Children (LSAC) covariates and their handling for this study

Covariate Measure and additional information

Socio-economic position LSAC provides a widely used composite socio-economic position variable at each wave that averages
information on parental occupational status, annual family income and parental educational attainment,
described previously(27). We separated socio-economic position into quintiles, also using sampling
weights from wave 1

Child indigenous background Parent 1 was asked whether the study child was of Aboriginal or Torres Strait Islander origin. We
dichotomised indigenous status into: ‘yes’ for children who were of Aboriginal and/or Torres Strait Islander
origin, and ‘no’ for children who were not

Child language other than English spoken
at home

Parent 1 was asked whether the study child speaks a language other than English at home. Similar to
Renzaho et al.(28), we grouped languages into: ‘English only’ and ‘Other language’

TV viewing The number of minutes on a typical (i) weekday and (ii) weekend day that the study child watches TV, DVDs
or videos at home was recorded. We calculated a continuous measure of the average daily TV, DVD or
video viewing hours, and classified this variable into two categories: ‘<2 h/d’ and ‘2 or more h/d’

Pubertal status For wave 5 of the B cohort and wave 3 of the K cohort (i.e. child age 8–9 years), we dichotomised pubertal
development into ‘no definite indication’ and ‘any definite indication’, based on questions relating to: skin
changes (e.g. pimples), body hair growth, breast growth (females only) and adult type body odour
(K cohort only). For waves 4 and 5 of the K cohort, we derived the categorical version of the Pubertal
Development Scale, which has been described previously(29). This scale was based on questions relating
to body hair growth, voice deepening and growing hair on the face for males, and body hair growth, breast
development and menstruation for females. We classified response options into ‘prepubertal’, ‘early
pubertal’, ‘midpubertal’ and ‘late pubertal/postpubertal’

Child physical activity Parents were asked what the study child usually does when he/she has a choice about how to spend free
time. Response options were ‘usually chooses inactive pastimes’, ‘usually chooses active pastimes’ and
‘just as likely to choose active as inactive pastimes’

Child age In months. We separated child age into quartiles
Child sex Male/female
Birth weight z-score, corrected for

gestational age at birth
Calculated using the ‘zanthro’ function in Stata/IC 14.2 (StataCorp LLC). We used the UK WHO Preterm

Growth Charts(30) and adjusted for gestational age. We classified birth weight z-score into quartiles
Parent 1 BMI Parent BMI was calculated as weight (kg) divided by squared height (m2), based on self-reported weight and

height. Pregnant women were asked to record their usual weight when not pregnant. We classified parent
1 BMI into four categories: ‘underweight’, ‘normal weight’, ‘overweight’ and ‘obese’

Socio-economic Indexes for Areas
neighbourhood disadvantage

The census-derived Australian Bureau of Statistics Index of Relative Socio-economic Disadvantage
described previously(31). We classified Socio-economic Indexes for Areas neighbourhood disadvantage
as quintiles, also using sampling weights from wave 1

Parent 1, parent 2 age Parents reported their age at last birthday. We classified parental ages as: ‘<25’, ‘25–29’, ‘30–34’ and ‘35+’
years for parent 1 in wave 1 of the B cohort; and ‘<30’, ‘30–34’, ‘35–39’ and ‘40+’ years for parent 2 in
wave 1 of the B cohort, and parents 1 and 2 in wave 1 of the K cohort

Singleton/multiple birth Parent 1 was asked whether the study child was a single birth, a twin, a triplet or more. Response options
classified into ‘single birth’ and ‘multiple birth’

TV, television; DVD, digital video disc.
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coefficients representing the estimated mean increase or
decrease in BMI z-score (Fig. 1) or standardised WHtR (Fig. 2)
associated with a 1SD increase in each dietary measure.
Numbers at the bottom of each panel are coefficients repre-
senting the estimated mean increase or decrease in each
standardised dietary measure associated with a 1SD increase in
BMI (Fig. 1) or WHtR (Fig. 2). Online Supplementary Tables

S3–S6 additionally provide 95% CI and P-values for
coefficients.

Generally, we observed no evident associations between
dietary measures and BMI z-score or WHtR in univariable and
multivariable cross-lagged analyses (Figs. 1 and 2; online Sup-
plementary Tables S3–S6; univariable results available upon
request). Findings were highly replicable in both cohorts.
Dietary scores, continuous ‘healthy’ pattern scores and con-
tinuous ‘unhealthy’ pattern scores generally did not predict BMI
z-score in the subsequent wave; likewise BMI z-score did not
predict any measures of diet in the subsequent wave (Fig. 1;
online Supplementary Tables S3 and S4). In multivariable ana-
lyses, adjusting for covariates, the few associations we observed
were small and tended to be in the reverse direction to those
hypothesised, that is, higher BMI z-score was associated with
very slightly higher dietary scores (i.e. better adherence to the
Australian Dietary Guidelines(16)) and lower adherence to an
unhealthy diet. For example, a 1SD increase in BMI in wave 5 of
the K cohort was associated with an estimated mean improve-
ment in the standardised dietary score measure of 0·06 units
(95% CI 0·02, 0·11, P= 0·003) in the subsequent wave (Fig. 1;
online Supplementary Table S4). Similarly, a 1SD increase in BMI
in wave 5 of the K cohort was associated with an estimated
mean decrease (improvement) in the standardised ‘unhealthy’
pattern score of 0·06 units (95% CI –0·09, –0·02, P= 0·002) in
the subsequent wave (Fig. 1; online Supplementary Table S4).
Associations between dietary measures and BMI z-score
remained similar in sensitivity analyses (results not shown).
These analyses additionally included parent 1 BMI as a cov-
ariate, and then (in further sensitivity analyses) additionally
included parent 1 BMI, parent 1 age, parent 2 age, neighbour-
hood disadvantage and whether the study child was a singleton
or from a multiple birth as covariates.

In multivariable cross-lagged analyses, the few associations
we observed between diet and WHtR were again small and
inconsistent, but this time tended to be in the same direction to
those hypothesised, that is, higher WHtR was associated with
lower adherence to a healthy diet and generally associated with
higher adherence to an unhealthy diet (Fig. 2; online Supple-
mentary Tables S5 and S6). For example, a 1SD increase in
WHtR in wave 4 of the K cohort was associated with an esti-
mated mean decrease (worsening) in the standardised ‘healthy’
factor score of 0·07 units (95% CI –0·12, –0·02; P= 0·007) in the
subsequent wave. In both sets of sensitivity analyses, associa-
tions between dietary measures and WHtR generally remained
similar (results not shown). Results for BMI z-score and WHtR
remained similar in wave-on-wave multivariable linear and
Tobit regression analyses (results not shown).

Discussion

Statement of principal findings

In a unique longitudinal and cross-sequential design, this study
investigated the bi-directionality between diet and body com-
position measures using short dietary tools suitable for popu-
lation use, in two cohorts and at several waves. We generally
found that associations were not evident either between

Table 2. Baseline characteristics* of the sample, by cohort
(Mean values and standard deviations; percentages)

Variable

B cohort (0–1
years) (n 3996–

5107†)

K cohort (4–5
years) (n 3847–

4983†)

Child age (years)
Mean 0·7 4·8
SD 0·2 0·2

Child sex (male, %) 51·1 51·2
Child has indigenous background (%) 4·9 3·9
Child speaks only English at home

(%)
88·9 87·6

Child singleton birth (%) 96·9 97·2
Child television viewing <2 h/d (%)‡ 48·9 50·1
Child physical activity (%)§

Usually chooses inactive pastimes 19·9 25·9
Just as likely to choose active as

inactive pastimes
44·4 44·9

Usually chooses active pastimes 35·7 29·2
Child weight status (%)§

Underweight 5·3 5·2
Normal 71·6 74·2
Overweight 18·6 15·1
Obese 4·6 5·5

Child BMI z-score§
Mean 0·5 0·5
SD 1·1 1·0

Child waist:height ratio§
Mean 0·5 0·5
SD 0·0 0·0

Child overall dietary score§
Mean 10·3 9·7
SD 2·1 2·2

Child healthy factor score§
Mean 0·0 0·0
SD 0·6 0·7

Child unhealthy factor score§
Mean 0·0 0·0
SD 0·7 0·7

Socio-economic Indexes for Areas
neighbourhood disadvantage (%)
Quintile 1 (least disadvantaged) 19·2 18·1
Quintile 2 17·0 18·0
Quintile 3 20·3 19·8
Quintile 4 21·0 20·7
Quintile 5 (most disadvantaged) 22·6 23·4

Parent 1 age (years)
Mean 31·0 34·6
SD 5·7 5·5

Parent 2 age (years)
Mean 33·8 37·4
SD 6·1 6·2

Parent 1 weight status (%)
Underweight 11·7 10·5
Normal 43·9 45·6
Overweight 25·7 26·5
Obese 18·6 17·4

* All estimates are weighted.
† Sample sizes differed for each variable.
‡ Measured at wave 2 (data not collected at wave 1).
§ Measured at wave 2 of the B cohort and wave 1 of the K cohort.
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‘healthy’ patterns, ‘unhealthy’ patterns or dietary scores and
BMI z-score or WHtR in cross-lagged analyses. The lack of
association was consistent across both cohorts of children and
between every set of biennial waves, and was robust to sensi-
tivity analyses.

Strengths and limitations

A strength of this study is that it included consistent measures
that were repeatedly collected over multiple waves spanning
10 years, allowing us to observe whether associations change
with child age. Child height, weight and waist circumference in
children were measured, rather than self-reported. In addition
to the commonly-used BMI, the use of WHtR allowed us to
determine whether our study findings were similar when con-
sidering an alternative measure of body composition. Replica-
tion of our findings across two cohorts of children increases
confidence and reliability in the results(40), and allows gen-
eralisation across a wider span of childhood than would
otherwise have been possible. We use data from LSAC’s
national population-representative sample(19), and employed
survey methodology in our analyses to account for the multi-
stage and clustered sampling design, and non-response(22).
Finally, rather than an alternative approach of studying indivi-
dual foods or drinks, we considered two short, low-burden and
holistic measures of diet that are well suited to population use
and guidelines, specifically dietary scores and patterns. Study-
ing dietary patterns allows us to determine which foods or

drinks are eaten together in the diet and is not dependent upon
the disease or restricted to recommendations given in dietary
guidelines(10). Dietary scores are developed based on previous
research and may be easier for the public to understand(10).

Despite the advantages of this short dietary measure, it also
has limitations. Its brevity precludes capture of all dietary ele-
ments or all items included in the Australian Dietary Guide-
lines(16). In assessing frequency of dietary intake and patterns in
the previous 24 h, it may not represent a child’s habitual diet
and does not capture energetic intake. Moreover, while chil-
dren’s diets may differ on a daily basis, the LSAC dataset does
not indicate whether the previous 24 h recalled was a weekday
or a weekend day. In addition, self- or parent-reported dietary
intake can be limited by misremembering(41) and under-
reporting(42), with social desirability bias potentially masking
true associations between unhealthy diets and body composi-
tion measures. Against this, our trajectories of these same
dietary scores and patterns have previously demonstrated
extremely large associations with both socieoconomic status(32)

and parental fruit and vegetable consumption(43) in these same
cohorts. While some participants were missing, results were
very similar when we applied survey weights and conducted
wave-on-wave regression analyses between dietary and body
composition measures. A further limitation is that, although we
also considered bi-directional associations between diet and
WHtR, we acknowledge that WHtR may be a poorer indicator
of central fat(7) than previously thought(44). Future studies
should consider measures more specific to visceral adiposity.
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Fig. 1. Cross-lagged associations, derived from structural-equation modelling, between dietary scores and BMI for the B cohort (a), dietary scores and BMI for the K
cohort (b), ‘healthy’ patterns and BMI for the B cohort (c), ‘healthy’ patterns and BMI for the K cohort (d), ‘unhealthy’ patterns and BMI for the B cohort (e), and
‘unhealthy’ patterns and BMI for the K cohort (f). Numbers denote coefficients, derived from structural-equation modelling. Dietary scores, ‘healthy’ patterns,
‘unhealthy’ patterns and BMI were each standardised to have a mean of 0 and standard deviation of 1. * P< 0·05, ** P< 0·01. Analyses adjusted for child indigenous
status, language other than English spoken at home, television viewing, pubertal status, physical activity, age and sex; birth weight z-score and socio-economic
position. We included covariates that remained relatively stable throughout the duration of the Longitudinal Study of Australian Children (child indigenous status,
language other than English spoken at home and sex) from wave 1 of each cohort. For the remaining covariates which each had the potential to change over time, we
included the measure from the same time point as the relevant exposure variable. If covariates were unavailable at a particular wave, we took them from the
previous wave.
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Comparison with prior literature

Our main finding of null associations between dietary scores/
patterns and measures of body composition aligns with the
previous English and Australian studies in which dietary pat-
terns or quality in early childhood or adolescence were not
associated with BMI(11–13). However, our study goes further in
replicating across cohorts, spanning multiple ages and con-
sidering the bi-directionality of associations between diet and
body composition. Previous studies that have considered the
bi-directionality of associations between diet and body com-
position across shorter periods than our study have likewise
predominantly observed null associations(14,15). In contrast, in a
Portuguese study, Durão et al.(14) found that an energy-dense
foods dietary pattern was associated with higher BMI and
higher WHtR in girls but not boys. It is difficult to know whether
this differing finding represents the truth (in that their thirty-five-
item FFQ was more detailed than ours) or a chance association
(as it is unclear why girls but not boys would experience the
effects of poor diet).

Meaning of the study for clinicians and policymakers

Our results indicate that dietary scores and patterns derived
from brief measures do not substantially drive body composi-
tion. This implies that short dietary measures tapping into
quality rather than quantity may not help to manage or
understand the childhood obesity epidemic. However, they

could have other immediate or longer-term benefits for health.
The dilemma is that such measures may be close to the limit of
what can feasibly be asked clinically and in multifocused
population studies that also need precise measurement of a
wide range of other exposures and outcomes. Specifically, it is
likely that the quantities, rather than frequencies, of consuming
different types of food are important for predicting body com-
position. Similarly, BMI z-score and WHtR might be more pre-
dictive of quantity, rather than frequency, of dietary intake.

Unanswered questions and future research

Despite the strengths of our short dietary measure, our study
would need to be replicated with more comprehensive and
accurate measures before forming recommendations. While
these might include existing computerised 24h dietary recalls or
mobile phone apps(45,46), it remains the case that clinical and
public health tools are woefully inadequate to capture energy
intake accurately. Developing accurate dietary tools that are
feasible for clinical and population use must be amongst the
highest priority for obesity research. There is a critical need for
research and development if we are to make progress in this
area. Considerations include the need to capture habitual, rather
than 24h, diet, and to comprehensively measure food quantity,
portion size and absolute energetic intake; all of these are cur-
rently out of reach for large studies. Moreover, it would also be
valuable to assess associations of dietary trajectories with other
health outcomes, including metabolic and inflammatory profiles,
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Fig. 2. Cross-lagged associations, derived from structural-equation modelling, between dietary scores and waist:height ratio (WHtR) for the B cohort (a), dietary
scores and WHtR for the K cohort (b), ‘healthy’ patterns and WHtR for the B cohort (c), ‘healthy’ patterns and WHtR for the K cohort (d), ‘unhealthy’ patterns and WHtR
for the B cohort (e), and ‘unhealthy’ patterns and WHtR for the K cohort (f). Numbers denote coefficients, derived from structural-equation modelling. Dietary scores,
‘healthy’ patterns, ‘unhealthy’ patterns and WHtR were each standardised to have a mean of 0 and standard deviation of 1. * P< 0·05, ** P< 0·01. Analyses adjusted
for child indigenous status, language other than English spoken at home, television viewing, pubertal status, physical activity, age and sex; birth weight z-score and
socio-economic position. We included covariates that remained relatively stable throughout the duration of the Longitudinal Study of Australian Children (child
indigenous status, language other than English spoken at home and sex) from wave 1 of each cohort. For the remaining covariates which each had the potential to
change over time, we included the measure from the same time point as the relevant exposure variable. If covariates were unavailable at a particular wave, we took
them from the previous wave.
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and whether these associations differ according to weight status
(e.g. obese v. overweight v. underweight).

Conclusion

In conclusion, dietary scores and patterns derived from brief
measures do not appear to substantially drive body composi-
tion; nor does BMI z-score or WHtR appear to influence dietary
quality in subsequent waves at any age. This implies that short
dietary measures tapping into quality rather than quantity may
not help to manage or understand the childhood obesity epi-
demic. We believe that developing much more accurate dietary
tools for children must be an absolute priority to advance
research and practice in childhood obesity.
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