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Abstract
Objective: To determine if nutritional risk in early childhood is associated with
parent-reported school concerns.
Design: A prospective cohort study conducted through the TARGet Kids! primary
care research network (2011–2018). Nutritional risk was measured between
18 months and 5 years of age using validated parent-completed NutriSTEP® ques-
tionnaires with eating behaviour and dietary intake subscores (0= lowest and
68= highest total nutritional risk score). Parent-reported school concerns were
measured at school age (4–10 years of age) and included: speech and language;
learning; attention; behaviour; social relationships; physical coordination; fine
motor coordination and self-help skills and independence. The primary outcome
was any parent-reported school concerns, and individual school concerns were
used as secondary outcomes. Multiple logistic regression models were conducted
adjusting for clinically relevant confounders to assess the relationship between
nutritional risk and school concerns.
Setting: Toronto, Canada.
Participants: Children aged 18 months to 10 years.
Results: The study included 3655 children, 52 %weremale, meanNutriSTEP® score
was 14·4 (SD 6·4). Each 1 SD increase in NutriSTEP® total score was associated with
a 1·18 times increased odds of school concerns (adj OR: 1·18, 95 % CI 1·07, 1·28,
P= 0·0004), and high nutritional risk was associated with a 1·42 times increased
odds of school concerns (adj OR: 1·42, 95 % CI 1·13, 1·78, P = 0·002).
Conclusions: Nutritional risk in early childhood was associated with school con-
cerns. Nutritional interventions in early childhood may reveal opportunities to
enhance school outcomes.
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Healthy nutrition in early childhood is crucial for optimal
growth and development(1). The first few years of life are
important for developing healthy eating behaviours as a
child learnswhat, when and how to eat, both through direct
experience and by observing others, which may have

lasting effects on their health and development(2).
Nutrition in early childhood, including the absence of mal-
nutrition, as well as adequate intake of vital macronutrients
and micronutrients, is essential for normal brain develop-
ment(3,4). Early life nutrition is an essential component of
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primary care well-child visits conducted across the US and
Canada(1,5).

The relationship between nutrition and cognitive devel-
opment in young children has largely focused on chronic
under nutrition in low- and middle-income countries(6),
breast-feeding(7,8), short-term fasting (including skipping
breakfast)(9) and specific nutrient deficiencies including
protein(3), Fe(10), iodine(11) and long-chain PUFA(12), all of
which affect key cognitive processes. Optimising cognitive
development in early childhood has long-term conse-
quences for an individual’s behaviour in school and aca-
demic achievement(1). However, few studies have
examined how overall dietary quality and eating behav-
iours of children under 5 years of age affect cognitive devel-
opment and related functional outcomes(13–15). A
systematic review by Tandon et al. in 2016 did look at this
relationship and found that healthy diets in early childhood
(under 5 years of age) were associatedwith better cognitive
outcomes in young children(13). However, all of the
reviewed studies focused on complex measures of dietary
recall that are time-consuming and impractical in the pri-
mary care setting, and all have focused on academic out-
comes or tasks for specific executive functions(13).

The parent-completed Nutrition Screening for Toddlers
and Preschoolers (NutriSTEP®) are validated question-
naires for assessing nutritional risk in children aged 18
months to 5 years and only take 5 min to complete(16,17).
NutriSTEP® questionnaires may be a useful tool for paedia-
tricians and/or other child health care providers as they can
be easily administered for screening of nutritional risk.
Paediatricians and other health care providers have the
capacity to improve early childhood nutrition, and this
may be an intervention target with a goal of optimising cog-
nitive development. In 2018, the American Academy of
Pediatrics Committee on Nutrition published a policy state-
ment titled Advocacy for Improving Nutrition in the First
1000 Days to Support Childhood Development and Adult
Health(1), which emphasised a paediatrician’s role in iden-
tifying early nutritional risk. It is important to better under-
stand the relationship between a simple easy-to-complete
measure of nutritional risk and cognitive development
among typically developing children.

The primary objective of this study was to determine
whether nutritional risk in early childhood (defined using
the NutriSTEP® total score) was associatedwith school con-
cerns. Secondary objectives were to: (1) determine
whether the eating behaviour and dietary intake subscores
of NutriSTEP® were associated with school concerns and
(2) determine whether NutriSTEP® total score was associ-
ated with each individual school concern (speech and lan-
guage; learning; attention; behaviour; social relationships
with other children; physical coordination; fine motor co-
ordination; self-help skill and independence). We hypoth-
esised higher nutritional risk would be associated with
increased odds of school concerns.

Methods

Study design
A prospective cohort study was conducted through The
Applied Research Group for Kids (TARGet Kids!) (www.
targetkids.ca) primary care research network in Toronto,
Canada.

Participants
Healthy children were recruited from primary care paedia-
trician or family physician offices and followed prospec-
tively at each well-child visit between 2011 and 2018.
The TARGet Kids! cohort data collection methodology
has been previously described(18). This study included
healthy children enrolled between birth and 5 years, as
per the TARGet Kids protocol. Children were excluded if
they had health conditions affecting growth (e.g. failure
to thrive, cystic fibrosis), chronic condition(s) except for
asthma, if they were born premature (<32weeks gestation)
or if they were diagnosed with autism, developmental
delays or learning problems prior to 18 months of age.

Measurements
Participants’ parents or guardians completed detailed ques-
tionnaires at the time of enrolment and at each subsequent
TARGet Kids! visit. Parent-reportedmeasures were adapted
from the Canadian Community Health Survey, which
included information on child characteristics, demo-
graphics as well as age-specific health and behavioural
information. NutriSTEP® questionnaires were collected
annually starting at 18 months, and the school concerns
question was collected at age 4 years and then annually
at subsequent TARGet Kids! visits.

Exposures
The primary exposure was nutritional risk, which was
measured using two validated seventeen-item parent-
completed NutriSTEP® questionnaires: one for ages 18–35
months (Toddler NutriSTEP®)(17) and one for ages 36–60
months (Preschooler NutriSTEP®)(16). NutriSTEP® was
designed to identify children at nutritional risk, which is
defined as ‘the presence of characteristics or risk factors
that can lead to impaired nutritional status’(19). The ques-
tionnaires only take 5 min for parents to complete and have
been validated against a registered dietitian’s clinical
assessment (criterion standard), which included parent-
reported 3-d food records and growth measurements
among a multicultural group of Canadian children(16,17).

The Toddler and Preschooler NutriSTEP® question-
naires are both reliable and valid for screening for nutri-
tional risk. According to data from the validation studies,
the total NutriSTEP® scores and dietitian nutrition risk rat-
ings were correlated with Spearman rho scores of 0·67
(P-value < 0·000) and 0·48 (P-value= 0·01) for the
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Toddler and Preschooler NutriSTEP® questionnaires,
respectively(16,17). The area under the ROC curve for mod-
erate and high dietitian risk ratings (rating was on a ten-
point scale: 1–4 low risk, 5–7 moderate risk, 8–10 high
risk(16)) was 84·6 % and 82·7 % and 81·5 % and 73·8 % for
the Toddler and Preschooler NutriSTEP® questionnaires,
respectively(16,17). The NutriSTEP® total score was reliable
between parental responses (2–4 weeks later) with intra-
class correlations of 0·92 and 0·89 for the Toddler and
Preschooler NutriSTEP®, respectively(16,17).

The seventeen questions are equally weighted in both
questionnaires with total scores ranging from 0 (lowest
nutritional risk) to 68 (highest nutritional risk)(16,17).
Questions were divided a priori into the following five sub-
scales: dietary intake, eating behaviours, parental concerns
about food and activity, screen time duration and the use of
vitamin/mineral supplements(20,21).

The primary exposures were: NutriSTEP® total score
(continuous variable from 0 to 68) and high nutritional risk
(dichotomised as low or high using a NutriSTEP® cut-off
score of ≥21)(16,17). For NutriSTEP® scores above 21, it is
recommended that ‘the child’s eating and activity habits
can be improved by making some changes (e.g. talking
to a health professional)’(16,17). The NutriSTEP® total score
closest to the time of measurement of the outcome for each
child was used in the analysis. The secondary exposure
measures include the NutriSTEP® eating behaviours sub-
score and the NutriSTEP® dietary intake subscore(8,20,21).
See supplementary material for details on specific
questions included in these subscores.

Outcomes
The primary outcome was the presence of school concerns
at ages 4–10 years. In Ontario, Canada, most children com-
plete 2 years of kindergarten before entering grade 1 at the
age of 6 years. We measured school concerns using the
parent-completed question ‘has the school expressed
any concern about your child’s (please select one or more
of the following): speech and language; learning; attention;
behaviour; social relationships with other children; physi-
cal coordination; fine motor coordination; self-help skill
and independence; and no concern’. This outcome was
dichotomised into yes concern (a yes response to one or
more school concerns ever in the past) or no concern
(always a no response to school concerns). Secondary out-
comes were individual school concerns separately (dicho-
tomised as either yes or no concern).

Covariates
We identified potential confounders of the relationship
between nutritional risk and school concerns a priori
through a literature review. All variables knownor suspected
to influence the relationship between exposure and out-
come were included as covariates in the final analysis. All
covariates were measured at the same time as the outcome.

Covariates included child sex(22), child age(23), child
ethnicity(23), maternal education(22), family income(22),
breast-feeding duration(8,24–26), family living arrange-
ments(22), the WHO age- and sex-standardised zBMI(22,27),
birthweight(28) and a diagnosis of developmental delay(29,30).
Child ethnicity was collapsed into either European, non-
European or mixed-ethnicity categories. Maternal education
was dichotomised into either college/university or primary/
high school education. Total family income prior to tax was
categorised into four groups: (1) <$60 000, (2) $60 000–
$99 000, (3) $100 000–$150 000 and (4) above $150 000.
Breast-feeding duration was defined as the duration of
breast-feeding of any kind (i.e. including both exclusive
and nonexclusive breast-feeding), determined using the
question ‘For how long has your child been breastfed?’(31).
Family living arrangements were dichotomised into two cat-
egories: (1) lives with two parents in the same household
and (2) liveswith two parents alternating households or lives
with one parent only. We assessed if the relationship
between NutriSTEP® and school concerns was different
in: (1) children with a physician diagnosis of developmental
delay; and (2) younger v. older children using interaction
terms in the model (younger v. older children was added
in a post hoc analysis). Trained research staff embedded
within each practice site collected physical measurements,
using standardised anthropometric protocols(32), including
weight (using a precision digital scale) and height/length
(using a stadiometer for children >2 years and length board
for children<2 years)(33). BMIwas calculated asweight in kg
divided by height in metres squared, and age- and sex-
standardised z scores were calculated using the WHO
growth standards(33).

Medidata RAVE was used as the secure electronic data
repository, and all data were stored at the Applied Health
Research Centre at St. Michael’s Hospital, Toronto.

Statistical analysis
Descriptive statistics were calculated for the exposures,
outcome and covariates for all children and those classified
as low and high nutritional risk.

A multiple logistic regression model was used to exam-
ine the relationship between NutriSTEP® total score and
school concerns, adjusting for all covariates. A 1 SD change
was calculated by taking: child’s NutriSTEP® total score –

NutriSTEP® sample mean (14·4)/NutriSTEP® sample stan-
dard deviation (SD 6·4). We used a generalised variance
inflation factor test to test for multicollinearity in order to
ensure the models produced stable effects(34). All covari-
ates were included in the final models regardless of statis-
tical significance to avoid bias that can arise from variable
selection techniques. We tested for a physician-diagnosed
developmental delay and age as interaction terms in the
model. Further, we used multiple imputation (n 20) to
avoid bias that can result from missing data (all covariates
had <15 % missing data). We repeated this approach using
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the high nutritional risk cut-off score, and eating behaviour
and dietary intake subscores and the individual school con-
cerns separately. We applied the Šidák correction tech-
nique when investigating the individual school concerns,
which lowers the α value to account for the effect of multi-
ple testing.

Statistical analyses were conducted using SAS statistical
software version 9.4 (SAS Institute Inc.)(35). P-values and
95 % CI are both included for individual interpretation of
clinical significance.

Ethics approval
Parents of TARGet Kids! participants provided informed
consent for primary data collection, and ethics
approval was obtained from the Research Ethics Boards
at the Hospital for Sick Children and Unity Health
Toronto. The study is registered at www.clinicaltrials.gov
(NCT01869530).

Results

The study included 3655 children (Fig. 1). Fifty-two per-
centage were male, and mean age at outcome was 67
months (SD 19; range 48–130 months). The mean
NutriSTEP® score was 14·4 (SD 6·4; range 0–45), and the
number of children classified as high nutritional risk (i.e.
NutriSTEP® score ≥ 21) was 591 (16 %) (Table 1).
Twenty-seven percentage of parents reported school con-
cerns. Themost commonly reported school concernswere:
attention (11 %), speech and language (10 %), behaviour
problem (9 %) and learning problem (8 %). Children above
6 years of age (≥72 months) had a higher frequency of
parent-reported school concerns with 42 % reporting any
concern compared with 19 % of children <72 months).
This difference was most apparent for the learning, atten-
tion and behaviour concerns. Two thousand two hundred
and fifty-nine children (62 %) had exposure and outcome
measured at the same visit. The mean number of days
between the exposure and outcome measurement was
379 (SD 560; range 0–2539 d). The majority of data came
from the preschooler NutriSTEP® (n 3635 or 99·5 %) v.
the toddler NutriSTEP® (n 18 or 0·5 %).

It was estimated that each 1 SD increase in NutriSTEP®

total score was associated with an 18 % increased odds
of school concerns (adj OR: 1·18, P-value 0·0004 and
95 % CI 1·07, 1·28). High nutritional risk (i.e. NutriSTEP®

score ≥ 21) was associated with a 42 % increased odds
of school concerns compared with low nutritional risk
(adj OR: 1·42, P-value 0·002 and 95 % CI 1·13, 1·78). The
adjusted OR for the eating behaviours and dietary intake
subscores were adj OR: 1·03 (P-value 0·53 and 95 % CI
0·94, 1·12) and adj OR: 1·08 (P-value 0·07 and 95 % CI
0·99, 1·18), respectively. (Table 2). It was also estimated
that increases in NutriSTEP® total score were associated

with increased odds of many individual school concerns
including learning, attention, social relationship with other
children, physical coordination, fine motor coordination
and self-help skills and independence (Table 3 and see
online supplementary material, Supplemental Table 1).
The OR for speech and language as well as behaviour were
directionally similar to the other school concerns but did
not reach statistical significance (P-values> 0·05). An inter-
action between NutriSTEP® and physician-diagnosed
developmental delay revealed a P-value of 0·6, making this
interaction unlikely, and it was not included in the final
model. In a post hoc analysis, we included an interaction
between NutriSTEP® and age in months at outcome. This
revealed a P-value of 0·09, making this interaction prob-
able, and thus we stratified the analysis based on age
(<72 and ≥72 months). The relationship between nutri-
tional risk and school concerns was evident among chil-
dren <72 months but not among children ≥72 months;
NutriSTEP® total score was associated with a 33 %
increased odds of school concerns among children <72
months (adj OR: 1·33, P-value< 0·0001 and 95 % CI 1·18,
1·49) but not among children ≥72 months (adj OR: 1·01,
P-value= 0·89 and 95 % CI 0·88, 1·16) (Table 4 post hoc
analysis).

Discussion

In this prospective cohort study, we found that higher nutri-
tional risk among a group of young healthy urban children
(18 months to 5 years) was associated with increased odds
of school concerns. Nutrients play a critical role in cell pro-
liferation, DNA synthesis, neurotransmitter and hormone
metabolism, as well as enzyme systems all of which can
impact the developing brain(36). Furthermore, beyond the
nutrients themselves, the eating experience provides an
opportunity for children to learn which can affect their
psychosocial and emotional development(37). A child
learns self-regulation through determining the timing,

Children recruited between 2011
and 2018 with age appropriate

exposure (NutriSTEP) and outcome
(school concerns) data

n 3742

Excluded children because they had
a diagnosis of developmental delay

prior to 18 months n 1

Excluded children because their
gestational age was less than 32

weeks n 86

Children included in the final
analysis
n 3655

Fig. 1 Participant flow diagram
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amount and pace of a meal(37). Also, early feeding experi-
ences and encouragement of developmentally appropriate
eating behaviours may impact feeding behaviours later in
life(37). Both the nutritional value of food and eating behav-
iours are important in young children and may impact a
child’s later cognitive development(36). Optimising cogni-
tive development in early childhood has long-term conse-
quences for an individual’s behaviour in school, academic
achievement, job potential and lifetime success(1).

Previous research has suggested that dietary patterns
established prior to school age may influence food choices
later in life(38,39). However, many of the studies which
examined the relationship between a child’s diet in early
life and cognitive development have largely focused on
breast-feeding(24–26) and specific nutrient deficiencies

(e.g. protein(3), Fe(10), iodine(11) and long-chain PUFA(12)),
with only a few studies looking at the relationship between
dietary patterns in early life and cognitive outcomes(13–15). It
is important to investigate the diet more broadly as individ-
uals consume combinations of foods. Overall diet, includ-
ing dietary intake and eating behaviours, may serve as an
early target for dietary interventions aimed at improving
cognitive development and related functional outcomes
in children.

A systematic review conducted in 2016 by Tandon et al.
found eight studies (all longitudinal cohorts in England,
Scotland and Australia) that examined the relationship
between dietary patterns among children <5 years and
later cognitive development(13). They found that healthy
diets in early childhood were associated with better

Table 1 Baseline characteristics

All (n 3655)

High nutritional
risk ≥ 21*
(n 591)

Low nutritional
risk < 21
(n 3064)

Variable n n % n % n %

Male 3654 1910 52 345 58 1565 51
Age at outcome (months) 3655 67 19 67 18 67 19
Child ethnicity 3447
European 2065 60 202 36 1863 64
Non-European 568 16 208 37 360 12
Mixed ethnicity 814 24 146 26 668 23

Maternal education 3634
College/university 3365 93 482 82 2883 95
High school or public school 269 7 103 18 166 5

Family income 3579
<$60 000 483 13 198 35 285 9
$60 000–$99 000 595 17 131 23 464 15
$100 000–$150 000 692 19 102 18 590 20
Above $150 000 1809 51 141 25 1668 55

Breast-feeding duration (months) 3580 10·7 7·4 9·5 8·1 10·9 7·2
Family marital status 3649
Lives with 2 parents same household 335 92 501 85 2844 93
Lives with 1 parent or alternates between 2 households 304 8 88 15 216 7

Birth weight (g) 3126 3·3 0·6 3·1 10·6 3·3 0·6
BMI z-score† 3650 0·1 1·0 0·02 1·2 0·2 0·9
Any diagnosis of developmental delay‡ 3548 156 4 45 8 111 4
NutriSTEP®total score, mean (SD) 3655 14·4 6·4 25·1 4·3 12·3 4·3

NutriSTEP®, Nutrition Screening for Toddlers and Preschoolers.
Data presented as mean (SD) or frequency (%).
*A NutriSTEP® score ≥ 21 is categorised as high nutritional risk and low nutritional risk is categorised as scores <21.
†BMI z-score= age- and sex-standardised BMI.
‡Either autism, developmental delay and/or a learning problem.

Table 2 Logistic regression analysis between nutritional risk (Nutrition Screening for Toddlers and Preschoolers (NutriSTEP®) total score,
high nutrition risk, eating behaviour subscore, and dietary intake subscore) and school concerns, n 3653

Unadjusted Adjusted*

Exposure variable OR P-value; 95% CI adj OR P-value; 95% CI

NutriSTEP® total score 1·20 < 0·0001; 1·12, 1·29 1·18 0·0004; 1·07, 1·28
High nutritional risk† 1·50 < 0·0001; 1·24, 1·81 1·42 0·002; 1·13, 1·78
NutriSTEP® eating behaviour subscore 1·11 0·004; 1·04, 1·20 1·03 0·53; 0·94, 1·12
NutriSTEP® dietary intake subscore 1·1 0·007; 1·03, 1·19 1·08 0·07; 0·99, 1·18

*Model adjusted for child sex, child age, child ethnicity, maternal education, family income, breast-feeding duration, family living arrangements, zBMI, birth weight and a
diagnosis of developmental delay.
†A NutriSTEP® score ≥ 21 is categorised as high nutritional risk.
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cognitive outcomes. The outcomes in these studies focused
on academic outcomes or tasks for specific executive func-
tions, and there was a large degree of variability across the
measures used(13). Further, all of the studies focused on
dietary patterns including complex, often burdensome,
quantitative measures of assessing total diet (e.g. 24-h diet
recalls, FFQ or food diaries), dietary patterns, meal compo-
sition and other measures of overall diet(13). Use of such
quantitative methods for assessing diet quality is time-
consuming and impractical in primary care and public
health settings. In contrast to measures used in the
Tandon et al. review, NutriSTEP® is an easy and feasible
questionnaire to administer in the primary care or public
health settings. Further, many of the studies in the
Tandon et al. review were not able to control for important
confounders, including ethnicity, measured BMI, breast-
feeding or socio-economic disparities, which are important
when trying to understand the independent impact of
nutrition on cognitive development(13).

This study is the first to assess the relationship between
nutritional risk using validated questionnaires that include

composite measures of both dietary intake and eating
behaviour in early childhood and parent-reported school
concerns. We found that higher nutritional risk was associ-
ated with increased odds of school concerns and this rela-
tionship persisted even after adjusting for a number of
potential confounders including child sex, age, ethnicity,
zBMI, maternal education, family income, breast-feeding
duration, family living arrangements, birth weight and a
diagnosis of developmental delay. We did not find evi-
dence to support a different effect of nutritional risk in chil-
drenwith andwithout physician-diagnosed developmental
delay on school concerns. Potentially due to the young
ages of children in this cohort, few were diagnosed with
developmental delay, which may have limited our ability
to detect a modifying effect. There was some evidence that
higher nutritional risk was associated with increased odds
of some of the individual school concerns and all estimated
OR were in the expected direction (all OR> 1). NutriSTEP®

was designed as a screening tool for nutritional risk, but this
study also suggests that it may have predictive validity for
school concerns. In a post hoc analysis, we did find evi-
dence that the relationship between nutritional risk and
school concerns may be different depending on the age
at outcome of the child; thus, we stratified our analysis
based on age (<72 and≥72months).We choose 72months
(or 6 years) as this is the year children usually enter grade 1
in Canada. After stratifying the analysis it appears, the rela-
tionship between nutritional risk and school concerns is
evident among younger children (<72 months) but not
older children (≥72 months). This could be due to the
shorter time window between exposure and outcome for
the younger age group (although 62 % of children had their
exposures and outcome measured at the same time);
parents had a longer time to observe older children and
thus had more chance to potentially notice a concern,
which is a challenge of using ‘ever yes to school concern’;
and the nutritional risk may itself change over time for chil-
dren, which was not measured in this study.

The speed of brain growth in early life may be particu-
larly sensitive to dietary factors(40). Given that early

Table 3 Logistic regression analysis between nutritional risk
(Nutrition Screening for Toddlers and Preschoolers (NutriSTEP®)
total score) and individual school concerns

Adjusted*

Outcome variable (n)‡ adj OR P-value; 95% CI†

Speech and language (n 377) 1·13 0·07; 0·94, 1·34
Learning (n 297) 1·34 < 0·0001; 1·09, 1·65
Attention (n 399) 1·16 0·02; 0·97, 1·38
Behaviour (n 318) 1·11 0·15; 0·91, 1·34
Social relationships with other
children (n 232)

1·19 0·03; 0·95, 1·48

Physical coordination (n 71) 1·57 0·005; 1·01, 2·45
Fine motor coordination (n 234) 1·28 0·0025; 1·02, 1·59
Self-help skills and independence
(n 118)

1·41 0·0023; 1·04, 1·92

*Model adjusted for child sex, child age, child ethnicity, maternal education, family
income, breast-feeding duration, family living arrangements, zBMI, birth weight and
a diagnosis of developmental delay.
†The Šidák corrected alpha is 0·0064.
‡The number of children with a yes response to the individual school concern.

Table 4 Stratified logistic regression analysis (children<72months and≥72months) between nutritional risk (NutritionScreening for Toddlers
and Preschoolers (NutriSTEP®) total score, high nutrition risk, eating behaviour subscore and dietary intake subscore) and school concerns
(post hoc analysis)

Age at outcome

Exposure variable
<72 months, n 2358,

adj OR* P-value; 95% CI
≥72 months, n 1297,

adj OR* P-value; 95% CI

NutriSTEP® total score 1·33 < 0·0001; 1·18, 1·49 1·01 0·89; 0·88, 1·16
High nutritional risk† 2·01 < 0·0001; 1·49, 2·71 0·92 0·63; 0·65, 1·30
NutriSTEP® eating behaviour subscore 1·14 0·02; 1·02, 1·29 0·91 0·17; 0·80, 1·04
NutriSTEP® dietary intake subscore 1·13 0·04; 1·01, 1·27 1·00 0·97; 0·88, 1·14

*Model adjusted for child sex, child age, child ethnicity, maternal education, family income, breast-feeding duration, family living arrangements, zBMI, birth weight and a
diagnosis of developmental delay.
†A NutriSTEP® score ≥ 21 is categorised as high nutritional risk.
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childhood is an important stage for the development of
good eating habits, and at the same time, a critical stage
in cognitive development, understanding the relationship
between nutrition and cognitive development in early
childhood is important for developing prevention interven-
tions aimed to improve children’s school success.
Interventions that target eating behaviours and dietary
intake, with a goal to reduce nutritional risk in early child-
hood, may have a beneficial impact on a child’s develop-
ment. Screening children in primary care for nutritional
risk and applying appropriate dietary interventions may
reduce children’s risk of poor cognitive development and
school concerns. Future research could assess the relation-
ship between nutritional risk and child development in
early life using teachers as an alternative respondent
(e.g. Early Development Instrument(41)). Future research
could also investigate the role of NutriSTEP® as a screening
tool for other developmental outcomes and to better inves-
tigate some of the individual school concerns.

There were several strengths of this study. It was a large
prospective cohort of young children and included a vali-
dated questionnaire for assessing nutritional risk. Detailed
parent-reported questionnaire data were available for
multiple potential confounders, and thus we were able
to adjust the models for many established risk factors of
child development. This study also had a number of limi-
tations. Causality cannot be inferred due to the observatio-
nal study design. Both the exposure and outcome were
from parent-reported questionnaires and therefore may
have been subject to response bias including social desir-
ability and/or recall bias. There are slight differences
between the two NutriSTEP® questionnaires (particularly
around age-specific eating behaviours; see supplementary
material for details on the questions included in these sub-
scores); however, over 99 % of the data came from the pre-
schooler NutriSTEP®, and thus these differences likely did
not impact the results. The question about the presence of
school concerns is not a validated measure for assessing a
child’s development with a wide range of individual con-
cerns. The conclusions related to the individual school con-
cerns data are limited, and lack of significant findings for
speech and language as well as behaviour should be inter-
preted with caution; future research should focus on each
concern separately (e.g. association between nutritional
risk and school concern for speech/language). Futurework
is needed to better understand this relationship with a non-
parent-reported outcome, such as a teacher-reported mea-
sure. We included age at outcome as a confounder in the
analysis and stratified the analysis based on age; however,
future research exploring the association between nutri-
tional risk and smaller age ranges may help identify critical
time periods. A parent report of a physician diagnosis of
developmental delay is an important potential effect modi-
fier that we included in our study; however, some children
in this young cohort may have a developmental concern
but have not yet received a formal diagnosis. Finally,

participation in TARGet Kids! is voluntary, which puts
the sample at risk of selection bias; however, the socio-
demographic characteristics of the TARGet Kids! cohort
have been compared with Canadian census data, which
found the participants had higher household income and
higher maternal education levels but were otherwise com-
parable to the Canadian population(42).

Conclusion

Nutritional risk in early childhood was associated with
school concerns, after controlling for potential con-
founding variables. NutriSTEP® is an easy and feasible
questionnaire to administer and may be useful in the pri-
mary care or public health settings. Nutrition interventions
in early childhood targeting both diet and eating behav-
iours may have an impact on improving developmental
outcomes among school-age children.
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