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Abstract: Environmental factors in the first years of life are crucial for a child’s neurodevelopment.
Research on the association between breastfeeding and neurodevelopment is inconclusive,
while research on the possible association between other dietary factors and neurodevelopment is
inadequate in children as young as one year of age. The aim of the present study was to investigate
associations between both breastfeeding and other dietary factors and the neurodevelopment of
one-year-old children in Norway. Methods: Participants were recruited from kindergartens in
four Norwegian counties in 2017. A questionnaire including questions about dietary factors and
breastfeeding, and a standardised age-related questionnaire on neurodevelopment (the Ages and
Stages Questionnaire), were completed by parents of one-year-olds. Linear regressions adjusting for
relevant covariates were conducted to explore the associations. Results: In our sample of 212 one-year-old
children, a longer duration of breastfeeding was associated with higher neurodevelopmental
scores. Dietary intake of fish, fruits and vegetables was also strongly associated with higher
neurodevelopmental scores, even after adjustment for breastfeeding and maternal education.
Conclusion: Our results indicate that healthy dietary factors are important for neurodevelopment in
young children, with measurable effects already at the age of one year.

Keywords: neurodevelopment; ages and stages questionnaire (ASQ); children; diet; fruits and
vegetables; vegetable intake; fish intake; dietary factors; breastfeeding

1. Introduction

The first years of life are crucial to a child’s neurodevelopment. Neurodevelopment concerns the
acquisition of skills in a variety of developmental domains, including fine and gross motor function,
language and social adaptation skills and cognition. Early neurodevelopment tracks into later in life and
is important for later IQ and academic achievement [1-4]. Genetic, biological and environmental factors
such as sex, gestational age, maternal mental health, maternal education and parental socio-economic
status are all factors that can influence neurodevelopment [1,5,6].

Nutrition also influences neurodevelopment and adequate diet quality is therefore of utmost
importance in the early years in which brain development is at its peak. Infants’” nutrient requirements
are high in order to meet the demands of their growth and development.

The World Health Organization (WHO) recommends exclusive breastfeeding for at least 6 months,
while the European Society of Paediatric Gastroenterology, Hepatology and Nutrition Committee on
Nutrition (ESPGHAN), as well as the Norwegian Health Directorate, recommends the introduction of
complementary foods between 4-6 months of age [7-9].
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Longer duration of breastfeeding has been associated with better cognitive and motor development
in preschool children [10-14]. Although several studies have demonstrated an association between
breastfeeding and cognitive functioning, results from observational studies are diverse, especially after
adjusting for possible confounders such as socioeconomic status and maternal IQ [15-17].

Observational studies suggest that several micronutrients, including omega-3 fatty acids, zinc, iron
and iodine play important roles in children’s brain development [18]. Since nutrients do not act alone,
and individuals consume combinations of food, Nyaradi et al., suggest that public health interventions
should focus on the promotion of overall diet quality rather than isolated micronutrients [18].

Healthy dietary patterns in childhood can influence later cognitive and neuropsychological
outcomes [19,20]. A recent review found a positive association between healthier foods (wholegrains,
fish, fruits and/or vegetables) and executive functioning in children and adolescents, whereas less
healthy snack foods, sugar-sweetened beverages and red/processed meats were inversely associated
with executive functioning [21]. Smithers et al. found that healthier dietary patterns from 6 to
24 months may have a small but persistent effect on IQ at 8 years [19]. Nyaradi et al. found that a
high-quality diet in the early years had a positive effect on academic achievement at ages 10 and 12 [3].
However, to our knowledge, no studies have so far investigated the association between diet and
child neurodevelopment measured by standardised screening tools in one-year-olds. With this present
study, we aimed to investigate whether breastfeeding and the intake of selected foods and food groups
in infancy are associated with higher neurodevelopmental scores as early as at the age of one year.

2. Materials and Methods

2.1. Study Design and Participants

Data for the present study were derived from the baseline study of a web-based cluster randomised
controlled trial among one-year-old children in kindergartens in Norway. The study protocol for this
trial has been published elsewhere [22]. The protocol was prospectively registered in the International
Standard Randomised Controlled Trial Number registry (reg.nr. ISRCTN98064772) and approved by
the Norwegian Centre for Research Data (ref.nr. 49951).

The recruitment of kindergartens started in May 2017 and targeted all public and private
kindergartens in four Norwegian counties (Telemark, Oppland, Ser-Trendelag and Mere og Romsdal)
that met the inclusion criterion (n = 1043): having children born in 2016. Before randomisation,
the pedagogical leaders in participating kindergarten departments were asked to distribute an
electronic invitation letter to the parents of children born in 2016 that provided detailed information
about the study and a link to the registration web page where parents could register their child to the
study. Parents were informed that they consented to participate by registering their child. Inclusion
criteria for child enrolment were that they had to be born in the year of 2016 and that at least one
of the parents had to be able to read and understand Norwegian. Parents could register their child
for the study from late August 2017 until the end of October, two weeks before the intervention
started in the kindergartens in November 2017. In total, 267 children were registered for the study.
The baseline questionnaires were sent to parents by e-mail shortly after registration and had to be
completed electronically before randomisation.

2.2. Measures

Primary and secondary outcomes of the randomised controlled trial, as well as all measures and
instruments, are presented in the study protocol [22]. Parents completed a comprehensive questionnaire
including all the outcome variables, except measures of neurodevelopment which were measured
with the Ages and Stages Questionnaire (ASQ) [23]. Both questionnaires were administered as online
surveys via links sent to the parents’ e-mail addresses shortly after registering their child for the study.
Measures relevant to the outcomes in the present paper are described below.
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2.2.1. Measures of Child Neurodevelopment

Children’s neurodevelopment was measured with the Ages and Stages Questionnaire [23]. ASQ is
a developmental assessment tool kit for parents who complete the questionnaire at prescribed intervals,
covering the age-range of 4 to 60 months. Each questionnaire consists of 30 described and illustrated
questions divided into five different domains: communication/language, gross motor, fine motor,
problem-solving and personal-social skills. The scoring is “yes” (10 points), “sometimes” (five points)
and “not yet” (0 points), depending on the question whether the child has a certain skill or behaviour.
While completing the questionnaire, the child has to be together with the parent to try out certain tasks
or activities (e.g., Does your child stack a small block or toy on top of another one? and After you
have shown your child how, does he/she try to get a small toy that is slightly out of reach by using a
spoon, stick, or similar tool?). The maximum score is 60 points per domain, i.e., a total of 300 points
maximum. The ASQ has been shown to be cost-effective, easy to use, appreciated by parents and has
been widely used in both clinical and research settings in several countries [24-26]. The Norwegian
version of ASQ has been validated and compared with US normative data [5,27]. The ASQ was made
electronic by transferring questions and their corresponding illustrations to a web-based survey. When
administering the electronic version of these questionnaires, we had no access to information on
whether the child was born to term or not. The ASQ was therefore administered according to date of
birth, and hence chronological age in months. The ASQ includes the question of whether the child
was born to term, and if not born to term, how many weeks prior to term. As children born more
than 3 weeks before term should have completed an age-adjusted questionnaire, children born before
37 completed pregnancy weeks (1 = 12) were excluded from the analysis.

2.2.2. Dietary Intake

Child food intake was measured by selected items from a food frequency questionnaire (FFQ)
that has been validated and used in large national surveys of the food habits of children ages one-
and two-years-old in Norway [28,29]. The frequency of intake was assessed without specification
of the amounts consumed. Questions on how often the child eats a broad selection of vegetables
(for example “carrots”, or vegetable categories, such as “onions and leek”) and fruits (for example
“bananas”, or fruit categories, like “oranges, clementines and such”) were included, in addition to
questions about berries, potatoes, pasta and rice, bread and cereals, spreads, drinks, warm meals,
sweets and snacks. All frequencies of intake were re-coded into times per week. The response options
for intake of fruits and vegetables and how they were re-coded into times per week were as follows:
never = 0, <1/month = 0.1, 1-3/month = 0.5, 1-2/week = 1.5, 3-4/week = 3.5, 5-6/week = 5.5, 1/day = 7,
2/day = 14, >3/day = 21.

Breastfeeding was assessed with a question of whether the child was still breastfed, and if he or
she was still breastfed, how many times per day and night. The duration of breastfeeding was assessed
with a question of the child’s age when he or she stopped receiving breast milk, measured in weeks
from birth to 4 weeks, and in months from 2 to 12 months and further. The duration of breastfeeding
was re-coded into weeks.

2.2.3. Other Baseline Measures

Parents were asked to provide their child’s date of birth, gender, whether the child was born in
Norway, and weight and length at 12 months of age as recorded in the child’s health card or weight
and length from the most recent health control if the child was under the age of 12 months. Children’s
gender and date of birth were also checked against the registered data on the registration web page.

2.2.4. Measures of Parents” Socio-Demographics

Parents’ marital status was assessed, entailing six response options: single, married, cohabiting,
separated, divorced or other. The study asked for the highest completed education of both parents
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with five response alternatives: less than 9 or 10 years of primary school, primary school, secondary
school or high school, university 4 years or less or university more than 4 years. The work situation of
the one parent who answered the questionnaire was assessed with the following response alternatives:
work full-time, work part-time, “housewife”, sick leave, leave, disabled, occupational rehabilitation,
student, unemployed or other work situation. In addition, parents entered their own age in years,
and the parent completing the questionnaire entered his or her gender. The non-Norwegian descent of
both parents was approximated by the question of whether they were born in Norway. Parents also
reported their own weight in kilograms and height in centimetres.

2.3. Statistical Analysis

Data analysis was performed using SPSS Statistics, version 25.0. Baseline characteristics expressed
as mean and standard deviations (SD) and median and proportions as appropriate, were explored
using descriptive statistics.

For the analyses, we combined the intake of some food groups to represent new variables:

1. Fresh fruits, vegetables, fresh potatoes, legumes and unsalted nuts into All fruits and vegetables.

2. Lean fish, fatty fish, fish products (processed fish), fish spread and roe spread into Fish and
fish products.

3. Unprocessed red meat, unprocessed white meat (poultry), minced meat, sausages, liver paste
(spread made of pork liver), ham and cold cuts into All meat and meat products.

4. Wholegrain bread, wholegrain crispbread, oatmeal porridge, oatmeal and miisli into
Wholegrain products.

5. Sweets and candy, salted snacks, ice cream, biscuits (both sweet and salty), sugary drinks,
sweet pastries and chocolate spread into Typical sugary foods.

Associations between ASQ-scores and dietary factors were explored using crude and multivariable
linear regression. Both ASQ-scores and the included dietary factors were inspected for deviations
from normality. Since the mean ASQ total score has been shown to differ slightly between age groups,
we first tested the associations adjusting only for child age, but this did not change the estimates.
Based on the literature regarding potential influences on ASQ score, we entered the child’s age, gender
and parents’ education as covariates in a multiple regression model. Marital status and ethnicity were
not considered relevant because most of the parents were cohabitant and Norwegian-born. In addition,
we fitted a model where breastfeeding was included as a covariate together with the above-mentioned
covariates. We also performed a robustness test by doing the regression analysis excluding those who
had never been breastfed (n = 15) to check whether the associations remained the same.

3. Results

3.1. Study Sample

Table 1 presents the baseline characteristics of the study population. Out of the 267 children
registered for the study, 246 parents answered the main questionnaire on demographics, dietary
behaviour and other outcomes. Among the children included, all were born in Norway; 47.6% were
girls, and the children’s mean age was 16.7 (3.0) months. Among the parents who completed the
questionnaire, 88.6% were women. The parents mean age was 31.2 years (SD 4.7), and 90.5% were
born in Norway. Most parents were living together (94.3%), and 63.8% of the mothers and 42.3% of the
fathers had higher education (University or College).
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Table 1. Baseline characteristics of the study population.

Variable Value
Children registered for the study (N) 267
Answered main questionnaire on demographics, diet etc. N (%) 246 (92.1)
Mean age in months (SD) 16.7 (3.0)
Gender Female N (%) 117 (47.6)
Parents
Mean age in years (SD) 31.2(4.7)
Gender * Female N (%) 218 (88.6)
Parents living together (%) 94.3
Ethnicity mother born in Norway N (%) 225 (91.5)
Ethnicity father born in Norway N (%) 220 (89.4)
Mothers education N (%)
Primary school 10 (4.1)
Upper secondary school/High school 79 (32.1)
University/College <4 years 103 (41.9)
University/College >4 years 54 (22.0)
Fathers education N (%)
Primary school 7 (2.8)
Upper secondary school/High school 135 (54.9)
University/College <4 years 62 (25.2)
University/College >4 years 42 (17.1)
Duration of breastfeeding in weeks (SD) 33.3 (18.4)
Median (min-max) 36.0 (0-55)
IQR ™ (25th to 75th percentile) 20-52

* Gender of the parent who answered the baseline questionnaire; ** Interquartile range.

3.2. ASQ

The ASQ was completed by 232 parents. The number of age-appropriate ASQ forms distributed,
number of completed questionnaires in each age group, ASQ scores in mean (SD) and median (min-max)
are presented in Table 2. The mean ASQ total score across all age-in-months groups was 235.3 (SD 37.4).

Table 2. Number of children assessed with each age-specific Ages and Stages Questionnaire version,
number excluded due to preterm birth and mean/median total ASQ scores.

Age of ASQ Number of CNumber Number Born >3 Total Median
Assessment Participants ompleted Weeks Pre-Term ScoreMean (Min-Max)
ASQ (%) (Excluded) (SD)
ASQ 267 232 (86.9) 12 235.3 (37.4) 240 (125-300)
10 months 7 7 (100) 1 230 (47.4) 238 (150-280)
12 months 34 26 (76.5) 1 232 (38.6) 240 (160-290)
14 months 41 37(90.2) 2 238 (39.5) 245 (135-300)
16 months 62 56 (90.3) 3 229 (37.3) 230 (140-295)
18 months 58 50 (86.2) 3 231 (35.7) 235 (140-290)
20 months 48 41 (85.4) 2 248 (28.8) 245 (160-300)
22 months 17 15 (88.2) 0 239 (48.2) 240 (125-295)

ASQ: Ages and stages questionnaire.

3.3. Dietary Intake

The children’s frequency of intake of relevant foods and food groups are presented as times per
week in Table 3. The mean intake of vegetables was 20.3 times per week (SD 11.3); fresh fruits 17.0 times
per week (SD 10.7) and that of all fruits and vegetables was 40.5 times per week (SD 19.9). The mean
intake on lean and fatty fish was 2.1 times per week (SD 1.3) and that of total fish and fish products
including fish as a spread was 5.9 times per week (SD 3.7). The mean intake of unprocessed meat was
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2.2 times per week (SD 1.8), while that of all meat and meat products combined (including processed
meats and spread) was 10.1 times per week (SD 4.4). The mean intake of wholegrain products was
11.7 times per week (SD 5.0) and that of typical sugary foods was 3.9 times per week (SD 3.7). The mean
duration of breastfeeding was 33.3 weeks (SD 18.4), corresponding to approximately 8 months (Table 1).

Table 3. Children’s dietary intake at baseline (1 = 246).

Dietary Intake (Times per Week): Mean (SD) Median (IQR) *
Vegetables total (incl. veg as a spread) 20.3 (11.3) 18.7 (12.6-25.4)
Fresh fruits total (incl. berries, fruits as a spread) 17.0 (10.7) 15.0 (10.5-21.0)
All fruits and vegetables 1 40.5 (19.9) 37.4 (26.2-50.2)
Fish (lean and fatty) 2.1(1.3) 2.0 (1-3)
Fish and fish products (incl. fish as a spread) 5.9 (3.7) 5.5 (3.1-7.6)
Unprocessed meat (red meat and poultry) 2.2 (1.8) 2.0 (1.0-3.0)
All meat and meat products 2 10.1 (4.4) 9.5 (7.1-12.5)
All meat and meat products minus liver paste 6.3 (3.6) 5.5 (4.0-7.5)
Liver paste (spread) 3.8(22) 3.5 (3.5-5.5)
Wholegrain products 3 11.7 (5.0) 11.3 (8.5-14.1)
Typical sugary foods 3.9 (3.7) 2.7 (1.3-5.6)

* IQR: Interquartile range (25th-75th percentile); ! Fresh fruits, berries, vegetables, fresh potatoes, legumes and
unsalted nuts; 2 Unprocessed red and white meat, minced meat, sausages, includes meat as a spread (ham, cold
cuts, liver paste)’ > Wholegrain bread and crispbread, oatmeal porridge, oatmeal and wholegrain miisli; * sweets,
candy, snacks, ice cream, biscuits, sugary drinks and chocolate spread.

3.4. Associations Between Dietary Factors and ASQ Score

A total of 212 children, i.e., those born to term with completed questionnaires on both dietary
factors and ASQ score, were included in the main analyses (Table 4).

The ASQ total score was significantly associated with the duration of breastfeeding (3 0.42,
p = 0.004). The ASQ score increased with 0.4 points for every additional week of breastfeeding.
The frequency of intake (times/week) of vegetables, fresh fruits and berries, fish and all fish products,
respectively, was also positively associated with ASQ score (Table 4). Adjustment for potential
confounders only resulted in minor attenuation of estimates and significance level. In an additional
regression model, we adjusted for the duration of breastfeeding as a potential confounder of the
associations between healthy dietary items and child development. The associations between the ASQ
total score and the selected dietary factors attenuated slightly but remained significant after adjusting
for breastfeeding. The strongest associations with the ASQ score in the fully adjusted model was
observed for fish intake (3 3.90, p = 0.049) and intake of vegetables (3 0.88, p < 0.001). An increase of
one serving of fish per week translated into a four-point higher ASQ score. An additional serving of
vegetables per day translated into a six-point higher ASQ score (0.88/week X 7 days = 6.16).

Since there was a positive association between all meat products combined and ASQ, while no
such association was found for unprocessed meat, we explored the “all meat” variable to see if there
were differences between different meat types and meat products. We found that the intake of liver
paste (mean 3.8 times per week, SD 2.2) was strongly associated with ASQ total score (3 2.29, p = 0.044),
while other types of meat or meat products did not result in any association with ASQ score.

Wholegrain products were positively associated with ASQ in both the unadjusted and adjusted
model, but when we included breastfeeding as a covariate in the third model, this association was
no longer present. No association was observed between ASQ total score and combined intake of
typically sugary foods in this sample of children (table 4).

As a robustness test, the adjusted regression analyses were repeated in a sample, (n = 197), where
those who had never been breastfed were excluded (n = 15). All effect sizes remained practically the
same, however, the significance level changed slightly for the associations regarding fruits and berries
(p = 0.059), lean and fatty fish (p = 0.071) and liver paste (p = 0.056).
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Table 4. Linear regression on associations between dietary factors and ASQ total score.

7 of 12

. Unadjusted Model Adjusted Model * Adjusted Model Incl. Breastfeeding **

Dietary Factor
B 95% CI  p-Value B 95% CI  p-Value B 95% CI p-Value

Duration of breastfeeding (weeks) 0.39 0.11-0.67 0.007 0.42 0.14-0.71 0.004 n.a *** n.a *** n.a ***
Fresh fruits and berries (times/week) 0.51 0.05-0.97 0.030 0.50 0.04-0.96 0.033 0.45 0.00-0.90 0.050
Vegetables (times/week) 0.94 0.50-1.37  <0.001 0.90 047-1.34  <0.001 0.88 0.45-1.31 <0.001
All fruits and vegetables (incl. potato, legumes) (times/week) 0.46 0.21-0.70  <0.001 0.44 0.20-0.69  <0.001 0.42 0.18-0.66 0.001
Fish (lean and fatty) (times/week) 421 0.24-8.19 0.038 4.28 0.36-8.21 0.033 3.90 0.02-7.76 0.049
All fish and fish products (incl. spread) (times/week) 1.79 0.47-3.11 0.008 1.85 0.54-3.15 0.006 1.70 0.41-2.99 0.010
Unprocessed red and white meat (times/week) 0.72 -2.02-345  0.605 1.17 -1.55-3.88  0.398 1.61 -1.07-4.29 0.237
All meat and meat products (times/week) 1.12 0.00-2.25 0.050 1.13 0.01-2.25 0.047 1.17 0.07-2.27 0.037
All meat and meat products minus liver paste (times/week) 0.86 -0.53-2.26  0.223 0.82 -0.58-2.22  0.247 0.94 —0.44-2.31 0.179
Liver paste (times/week) 2.30 0.02-4.58 0.049 2.44 0.18-4.70 0.034 2.29 0.07-4.51 0.044
Wholegrain products (times/week) 1.24 0.24-2.24 0.016 1.07 0.05-2.09 0.039 0.88 -0.13-1.89 0.088
Sugary foods (times/week) 1.23 -0.12-2.59  0.075 1.16 -0.26-2.58  0.109 1.15 —-0.25-2.54 0.107

* Adjusted for child age, child gender, maternal and paternal education; ** Adjusted for child age, child gender, maternal and paternal education and duration of breastfeeding. *** Not
applicable since the variable Duration of breastfeeding (weeks) is a covariate that is adjusted for in this model.
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4. Discussion

In the present study, we aimed to examine potential associations between frequency of intake
of selected foods and neurodevelopment as measured by ASQ total score in a sample of Norwegian
one-year-olds. To our knowledge, there are few, if any, reports on whether and how dietary factors
other than breastfeeding are associated with neurodevelopment in children this young. We found
that the neurodevelopmental score was not only positively associated with duration of breastfeeding,
but also positively associated with the frequency of the children’s intake of fresh fruits, berries and
vegetables, and with fish and fish products.

There are few studies comparable to the present study, both including other dietary factors than
breastfeeding, and evaluating early diet and neurodevelopment in children as young as one to two years.
We found that breastfeeding duration was associated with higher total neurodevelopmental scores.
For this relation, previous results have been conflicting. Several studies have found similar associations,
like the EDEN study of more than 1000 children [11]. They observed a positive association between
longer breastfeeding duration and better cognitive and motor development, measured with the ASQ
in 2- and 3-years-old children. Likewise, the Rhea study from Greece and the Mother’s and Children’s
environmental Health (MOCEH) study from Korea showed similar results [10,13]. In these two studies,
neurodevelopment was assessed by using the Bayley Scales of Infant and Toddler Development.
There is, however, some controversy in this regard, with Holme et al., 2010 and Boutwell et al., 2012
showing no associations and arguing that sociodemographic factors and maternal IQ can explain
the association between breastfeeding and neurodevelopment/cognitive development [17,30]. In our
study, maternal education was adjusted for. One mechanism that could explain breastmilk’s relation to
neurodevelopment is that breastmilk provides the nutrients required for brain development, such as
lipids, complex proteins and carbohydrates, as well as vitamins, minerals and other biologically active
components [31,32]. In addition, it is suggested that the physical and socioemotional contact between
mother and child during breastfeeding can influence neurodevelopment [33].

Beyond breastfeeding, we found that consumption of fish, vegetables and fruit and berries was
associated with higher neurodevelopmental scores. This relation was still present after adjusting
for the child’s gender, age, parental education and duration of breastfeeding, indicating that these
food items could be important contributors to neurodevelopment. Previous studies have explored
relations between early diet and later development and academic achievement. Findings from the
Raine cohort showed that diet at one year of age was associated with cognitive outcomes at 10 years of
age [2]. Our findings demonstrate that associations between diet and child neurodevelopment can be
measurable already in the first years of life.

There may be several mechanisms through which various aspects of a healthy diet are related to
neurodevelopment. First, fatty acids in fish, as well as the content of iodine, are important for brain
development [18,34,35]. Further, fruits and vegetables provide a broad range of micronutrients that
are necessary for brain growth and development. For instance, carotenoids and vitamin C, found in
abundance in fruits and vegetables, are presumed to play important roles in brain development and
functioning [36-38].

Haapala et al. found that intake of red/processed meat was inversely associated with executive
functioning in 7-years old children [39]. In our sample, we found a positive association between meat
intake and ASQ score. However, when we removed the intake of liver paste from the variable on
meat and meat products, this positive association was no longer present. Liver paste is a popular
spread, especially among young children, and most kindergartens in Norway offer liver paste as a
spread alternative. Liver paste has a relatively high iron content, which is important for development,
and it is often used as an example of an iron-rich food recommended for children. Further research
on this observed association between intake of liver paste and total ASQ score is needed to confirm
our findings.

A significant strength of our study concerns generalisability. First, the participants were from
43 different kindergartens from four counties in different parts of Norway. Both large and small, private
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and public kindergartens were represented from both urban and rural areas, so it is probable that the
kindergartens included in our study are representative of Norwegian kindergartens.

Second, we distributed the full version of the ASQ as published, which included pictograms
and instructions to attempt every activity with the child. Some earlier studies, using the ASQ as
a measure of infant development, have simplified the questionnaire, for instance using it without
pictograms, without prompts to try the activity with the child, or using shortened versions with only a
few questions or selected domains [40—42]. Valla et al. concluded that it seems important to use the
correct published version [42]. We also managed to distribute the age-related questionnaire (bimonthly
specific) at the relevant age by calculating each child’s age at the day of mailing the questionnaire to
the parents.

Third, the study was performed in a country with high breastfeeding rates. Norway is among the
countries with the highest breastfeeding rates in the world [43]. In our sample, more than 70 per cent
of the children were breastfed (exclusively or partly) at 6 months of age (data not shown).

There are also limitations to our study. First, the sample of participating parents was rather
homogeneous, the majority being highly educated mothers of Norwegian ethnicity, and this may
have reduced the generalisability at the individual level. However, Norwegian women are relatively
highly educated, with 58.2% of women in the age of 30 to 34 years being highly educated (university
or college) [44]. Other aspects, such as the geographic diversity and the diversity in size and type of
kindergartens, may enhance the generalisability.

Second, since the breastfeeding rate in this sample was high with only 15 children never being
breastfed, it makes it difficult to draw conclusions regarding the associations between diet and
neurodevelopment in those never breastfed. Our robustness test indicates that there might have been
differences between those never and ever breastfed. However, our limited sample size suggests that
such associations should be investigated further in a larger sample and in other populations.

Third, we did not have information about the mothers IQ, which is another important determinant
of neurodevelopment in children. However, we did adjust for both parents” educational level,
and although education is not the same as IQ, it is likely to represent some of the same potentials
for confounding.

Fourth, we did not have the possibility to adjust for energy intake in the models. Higher
frequencies of intake could be an indicator of higher food intake in general, for example, due to a
healthy appetite, larger body mass and beneficial meal routines, and the observed associations might
be due to general good nourishment.

Fifth, the results of the study are based on parents’ self-report, which may have its weaknesses.
Self-reported data entail a risk of social desirability bias, both as over- and under-reporting, as well
as of recall bias. There are also limitations regarding the questionnaire used to assess food intake.
The questionnaire does not measure absolute food intake, only frequencies of intake. It is possible that
high-frequency users consume very small amounts each time, and the opposite that low-frequency
users consume larger amounts each time is possible. In our study, the mean frequency of vegetable
intake was quite high (approximately three times per day). This can probably be a correct measure
of vegetable frequency during the day, but the amounts eaten of each vegetable do most likely not
correspond to three full vegetable portions per day, which is the recommended intake of vegetables.
Data shows that Norwegian children, in general, eat fewer vegetables than is recommended: the
average intake in one-year-old children is only half of the recommended intake [45]. Nevertheless,
FFQs are frequently used because they are simple, quick and reliable tools compared with other more
time-consuming dietary assessment methods [46]. We considered the FFQ suitable for use in our study
since we primarily wanted it to measure the vegetable variety and certain types of foods eaten, as well
as to rank individuals according to food intake, rather than to measure the amount of food or calories
in the children’s diet.
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5. Conclusions

In the present study, we found an association between neurodevelopmental score, measured with
the Ages and Stages Questionnaire, and the duration of breastfeeding. As one of the first studies,
we also found associations between dietary factors and neurodevelopment in children as young as
one year old. We found strong associations between total ASQ score and the intake of fish, fruits
and vegetables in one-year-old children. Our results indicate that a healthy diet is important for
neurodevelopment in young children, with measurable effects already at the age of one year. To
confirm our findings, we suggest further investigation in larger samples and different populations.

Author Contributions: E.A.M.B. and N.C.J. developed the study. EEAM.B.,, N.C.J., ERH., SH.H. and LS.
contributed to the design and the development of questionnaires. E.A.M.B. conducted the collection and analysis
of data. E.A.M.B. drafted the manuscript with critical input from all authors. All authors have read and approved
the final manuscript.

Funding: The Norwegian Women'’s Public Health Association, grant number 40402, funded this research project.
The University of Agder and the Teacher’s Education Unit at the University of Agder funded some projects costs.
The Hospital of Southern Norway founded approximately one-fifth of the wages cost for the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Charkaluk, M.L.; Rousseau, J.; Calderon, J.; Bernard, J.Y.; Forhan, A.; Heude, B.; Kaminski, M. Ages and
Stages Questionnaire at 3 Years for Predicting IQ at 5-6 Years. Pediatrics 2017, 139, 2016-2798. [CrossRef]
[PubMed]

2. Nyaradi, A; Li, J.; Hickling, S.; Whitehouse, A.J.; Foster, ].K.; Oddy, W.H. Diet in the Early Years of Life
Influences Cognitive Outcomes at 10 Years: A Prospective Cohort Study. Acta Paediatr. 2013, 102, 1165-1173.
[CrossRef] [PubMed]

3. Nyaradi, A.; Li, J.; Foster, ].K,; Hickling, S.; Jacques, A.; O’Sullivan, T.A.; Oddy, W.H. Good-Quality Diet in
the Early Years May Have a Positive Effect on Academic Achievement. Acta Paediatr. 2016, 105, e209-e218.
[CrossRef] [PubMed]

4. Valla, L.; Birkeland, M.S.; Hofoss, D.; Slinning, K. Developmental Pathways in Infants from 4 to 24 Months.
Child Care Health Dev. 2017, 43, 546-555. [CrossRef] [PubMed]

5. Richter, J.; Janson, H. A Validation Study of the Norwegian Version of the Ages and Stages Questionnaires.
Acta Paediatr. 2007, 96, 748-752. [CrossRef] [PubMed]

6. Alan, S.; Pearson, R.M.; Goodman, S.H.; Rapa, E.; Rahman, A.; McCallum, M.; Howard, L.; Pariante, C.M.
Effects of Perinatal Mental Disorders on the Fetus and Child. The Lancet 2014, 384, 1800-1819.

7.  WHO. Exclusive Breastfeeding for Six Months Best for Babies Everywhere. WHO—World Health
Organization. Available online: https://www.who.int/mediacentre/news/statements/2011/breastfeeding
20110115/en/ (accessed on 24 April 2019).

8.  Mary, F; Bronsky, J.; Campoy, C.; Domell6f, M.; Embleton, N.; Mis, N.E.; Hojsak, I.; Hulst, ].M.; Indrio, F.;
Lapillonne, A.; et al. Complementary Feeding: A Position Paper by the European Society for Paediatric
Gastroenterology, Hepatology, and Nutrition (Espghan) Committee on Nutrition. . Pediatr. Gastroenterol. Nutr.
2017, 64, 119-132.

9.  National Guidelines on Infant Nutrition. The Norwegian Directorate of Health. Available online: https:
/[www.helsedirektoratet.no/retningslinjer/spedbarnsernaering (accessed on 5 May 2019).

10. Vasiliki, L.; Roumeliotaki, T.; Koutra, K.; Vassilaki, M.; Mantzouranis, E.; Bitsios, P.; Kogevinas, M.; Chatzi, L.
Breastfeeding Duration and Cognitive, Language and Motor Development at 18 Months of Age: Rhea
Mother—Child Cohort in Crete, Greece. J. Epidemiol. Commun. Health 2015, 69, 232-239.

11. Bernard, ]J.Y.; Agostini, M.D.; Forhan, A.; Alfaiate, T.; Bonet, M.; Champion, V.; Kaminski, M.;
Lauzon-Guillain, B.D.; Charles, M.A.; Heude, B.; et al. Breastfeeding Duration and Cognitive Development
at 2 and 3 Years of Age in the Eden Mother-Child Cohort. J. Pediatr. 2013, 163, 36—42. [CrossRef]


http://dx.doi.org/10.1542/peds.2016-2798
http://www.ncbi.nlm.nih.gov/pubmed/28360034
http://dx.doi.org/10.1111/apa.12363
http://www.ncbi.nlm.nih.gov/pubmed/23879236
http://dx.doi.org/10.1111/apa.13324
http://www.ncbi.nlm.nih.gov/pubmed/26719022
http://dx.doi.org/10.1111/cch.12467
http://www.ncbi.nlm.nih.gov/pubmed/28386948
http://dx.doi.org/10.1111/j.1651-2227.2007.00246.x
http://www.ncbi.nlm.nih.gov/pubmed/17462065
https://www.who.int/mediacentre/news/statements/2011/breastfeeding_20110115/en/
https://www.who.int/mediacentre/news/statements/2011/breastfeeding_20110115/en/
https://www.helsedirektoratet.no/retningslinjer/spedbarnsernaering
https://www.helsedirektoratet.no/retningslinjer/spedbarnsernaering
http://dx.doi.org/10.1016/j.jpeds.2012.11.090

Nutrients 2019, 11, 1676 11 of 12

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Bernard, J.Y.; Armand, M.; Peyre, H.; Garcia, C.; Forhan, A.; Agostini, M.D.; Charles, M.A.; Heude, B.
Breastfeeding, Polyunsaturated Fatty Acid Levels in Colostrum and Child Intelligence Quotient at Age 5-6
Years. J. Pediatr. 2017, 183, 43-50. [CrossRef]

Lee, H.; Park, H.; Ha, E.; Hong, Y.C.; Ha, M.; Park, H.; Kim, B.N.; Lee, B.; Lee, S.J.; Lee, K.Y.; et al. Effect of
Breastfeeding Duration on Cognitive Development in Infants: 3-Year Follow-up Study. J. Korean Med. Sci.
2016, 31, 579-584. [CrossRef] [PubMed]

Belfort, M.B.; Rifas-Shiman, S.L.; Kleinman, K.P; Guthrie, L.B.; Bellinger, D.C.; Taveras, E.M.; Gillman, M.W.;
Oken, E. Infant Feeding and Childhood Cognition at Ages 3 and 7 Years: Effects of Breastfeeding Duration
and Exclusivity. JAMA Pediatr. 2013, 167, 836-844. [CrossRef] [PubMed]

Bar, S.; Milanaik, R.; Adesman, A. Long-Term Neurodevelopmental Benefits of Breastfeeding.
Curr. Opin. Pediatr. 2016, 28, 559-566. [CrossRef] [PubMed]

Ayesha, S.; Tharner, A.; Kiefte-de Jong, ].C.; Jaddoe, V.V.; Hofman, A.; Verhulst, EC.; Franco, O.H.; Tiemeier, H.;
Roza, S.J. Breastfeeding Duration and Non-Verbal Iq in Children. BM] Publ. Group Ltd. 2015, 69, 775-781.
Holme, A.; Macarthur, C.; Lancashire, R. The Effects of Breastfeeding on Cognitive and Neurological
Development of Children at 9 Years. Child Care Heal. Dev. 2010, 36, 583-590. [CrossRef] [PubMed]
Nyaradi, A.; Li, J.; Hickling, S.; Foster, J.; Oddy, W.H. The Role of Nutrition in Children’s Neurocognitive
Development, from Pregnancy through Childhood. Front. Hum. Neurosci. 2013, 7. [CrossRef] [PubMed]
Smithers, L.G.; Golley, R K.; Mittinty, M.N.; Brazionis, L.; Northstone, K.; Emmett, P.; Lynch, ].W. Dietary
Patterns at 6, 15 and 24 Months of Age Are Associated with Iq at 8 Years of Age. Eur. |. Epidemiol. 2012, 27,
525-535. [CrossRef]

Gale, C.R.; Martyn, C.N.; Marriott, L.D.; Limond, J.; Crozier, S.; Inskip, H.M.; Godfrey, KM.; Law, C.M.;
Cooper, C.; Robinson, S.M.; et al. Dietary Patterns in Infancy and Cognitive and Neuropsychological Function
in Childhood. J. Child Psychol. Psychiatry Allied Discipl. 2009, 50, 816-823. [CrossRef]

Cohen, J.LEW,; Gorski, M.T.; Gruber, S.; Kurdziel, A.L.B.E; Rimm, E.B. The Effect of Healthy Dietary
Consumption on Executive Cognitive Functioning in Children and Adolescents: A Systematic Review. Br. J.
Nutr. 2016, 116, 989-1000. [CrossRef]

Blomkvist, E.A.M.; Helland, S.H.; Hillesund, E.R.; Overby, N.C. A Cluster Randomized Web-Based
Intervention Trial to Reduce Food Neophobia and Promote Healthy Diets among One-Year-Old Children in
Kindergarten: Study Protocol. BMC Pediatr 2018, 18, 232. [CrossRef]

Squires, J.; Bricker, D.; Potter, L. Revision of a Parent-Completed Development Screening Tool: Ages and
Stages Questionnaires. . Pediatr. Psychol. 1997, 22, 313-328. [CrossRef]

Kerstjens, ] M.; Bos, A.E; Ten Vergert, E.M.; de Meer, G.; Butcher, PR.; Reijneveld, S.A. Support for the Global
Feasibility of the Ages and Stages Questionnaire as Developmental Screener. Early Hum. Dev. 2009, 85,
443-447. [CrossRef]

Jorina, E.; Macnab, A.; McLeod, E.; Gagnon, F. The Ages and Stages Questionnaires: Feasibility of Use as a
Screening Tool for Children in Canada. Can. J. Rural Med. 2008, 13, 9-14.

Ajay, S.; Yeh, C.J.; Blanchard, S.B. Ages and Stages Questionnaire: A Global Screening Scale. Boletin Médico
del Hospital Infantil de México 2017, 74, 5-12.

Janson, H.; Squires, J. Parent-Completed Developmental Screening in a Norwegian Population Sample: A
Comparison with Us Normative Data. Acta Paediatr. 2004, 93, 1525-1529. [CrossRef]

Andersen, L.E; Lande, B.; Trygg, K.; Hay, G. Validation of a Semi-Quantitative Food-Frequency Questionnaire
Used among 2-Year-Old Norwegian Children. Public Heal. Nutr. 2004, 7, 757-764. [CrossRef]

Andersen, L.F; Lande, B.; Arsky, GH.; Trygg, K. Validation of a Semi-Quantitative Food-Frequency
Questionnaire Used among 12-Month-Old Norwegian Infants. Eur. ]. Clin. Nutr. 2003, 57, 881-888.
[CrossRef]

Boutwell, B.B.; Beaver, K.M.; Barnes, J.C. Role of breastfeeding in childhood cognitive development:
A propensity score matching analysis. ]. Paediatr. Child Heal. 2012, 48, 840-845. [CrossRef]

Nicholas, J.A.; Kampmann, B.; Le-Doare, KM. Human breast milk: A Review on its composition and
bioactivity. Early Hum. Dev. 2015, 91, 629-635.

Camilia, R.M,; Ling, P.R.; Blackburn, G.L. Review of infant feeding: Key features of breast milk and infant
formula. Nutrients 2016, 8, 179.

Andrea, P; Susan, H.; Jongbloed, P.T.; Lynette, O.T. Breastfeeding and Neurodevelopment: A Literature
Review. Infants Young Child. 2007, 20, 120-134.


http://dx.doi.org/10.1016/j.jpeds.2016.12.039
http://dx.doi.org/10.3346/jkms.2016.31.4.579
http://www.ncbi.nlm.nih.gov/pubmed/27051242
http://dx.doi.org/10.1001/jamapediatrics.2013.455
http://www.ncbi.nlm.nih.gov/pubmed/23896931
http://dx.doi.org/10.1097/MOP.0000000000000389
http://www.ncbi.nlm.nih.gov/pubmed/27386975
http://dx.doi.org/10.1111/j.1365-2214.2009.01068.x
http://www.ncbi.nlm.nih.gov/pubmed/20184592
http://dx.doi.org/10.3389/fnhum.2013.00097
http://www.ncbi.nlm.nih.gov/pubmed/23532379
http://dx.doi.org/10.1007/s10654-012-9715-5
http://dx.doi.org/10.1111/j.1469-7610.2008.02029.x
http://dx.doi.org/10.1017/S0007114516002877
http://dx.doi.org/10.1186/s12887-018-1206-8
http://dx.doi.org/10.1093/jpepsy/22.3.313
http://dx.doi.org/10.1016/j.earlhumdev.2009.03.001
http://dx.doi.org/10.1111/j.1651-2227.2004.tb02641.x
http://dx.doi.org/10.1079/PHN2004613
http://dx.doi.org/10.1038/sj.ejcn.1601621
http://dx.doi.org/10.1111/j.1440-1754.2012.02547.x

Nutrients 2019, 11, 1676 12 of 12

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.

46.

As, R.; Astwood, J.D.; Gautier, S.; Kuratko, C.; Nelson, E.; Salem, N. Effects of Long-Chain Polyunsaturated
Fatty Acid Supplementation on Neurodevelopmentin Childhood: A Review of Human Studies. Prostaglandins
Leukot. Essent. Fatty Acids 2010, 82, 305-314.

Zimmermann, M.B. Iodine Deficiency. Endocr. Rev. 2009, 30, 376—408. [CrossRef]

Johnson, E.J. Role of Lutein and Zeaxanthin in Visual and Cognitive Function Throughout the Lifespan.
Nutr. Rev. 2014, 72, 605-612. [CrossRef]

Hansen, S.N.; Tveden-Nyborg, P.; Lykkesfeldt, ]. Does Vitamin C Deficiency Affect Cognitive Development
and Function? Nutrients 2014, 6, 3818-3946. [CrossRef]

Zielinska, M.A.; Wesolowska, A.; Pawlus, B.; Hamulka, J. Health Effects of Carotenoids During Pregnancy
and Lactation. Nutrients 2017, 9, 838. [CrossRef]

Haapala, E.A_; Eloranta, A.M.; Venalainen, T.; Schwab, U.; Lindi, V.; Lakk, T.A. Associations of Diet Quality
with Cognition in Children-the Physical Activity and Nutrition in Children Study. Br. J. Nutr. 2015, 114,
1080-1087. [CrossRef]

Alvik, A.; Greholt, B. Examination of the Cut-Off Scores Determined by the Ages and Stages Questionnaire
in a Population-Based Sample of 6 Month-Old Norwegian Infants. BMC Pediatr. 2011, 11. [CrossRef]
Schjolberg, S.; Eadie, P.; Zachrisson, H.D.; Jyen, A.S.; Prior, M. Predicting Language Development at Age 18
Months: Data from the Norwegian Mother and Child Cohort Study. J. Dev. Behav. Pediatr. 2011, 32, 375-383.
[CrossRef]

Valla, L.; Janson, H.; Wentzel-Larsen, T.; Slinning, K. Analysing Four Norweigian Population-Based Samples
Using the Six-Month Version of the Ages and Stages Questionnaire Showed Few Relevant Clinical Differences.
Acta Paediatr. 2016, 105, 924-929. [CrossRef]

Breastfeeding—A Mother’s Gift for Every Child. In Unicef For Every Child; Unicef: New York, NY, USA, 2018.
Educational Attainment of the Population. Statistics Norway. Available online: https://www.ssb.no/en/
utdanning/statistikker/utniv (accessed on 5 May 2019).

Cecilie, D.N.; Lene, K.A; Frost, A.L. Spedkost 12 Mdneder. Landsomfattende Kostholdsundersokelse Blant 12
Mineder Gamle Barn. Spedkost 2006-2007; The Norwegian Directorate of Health: Oslo, Norway, 2009.
Golley, RK,; Bell, LK., Hendrie, G.A.; Rangan, A.M.; Spence, A.; McNaughton, S.A.; Carpenter, L.;
Allman, EM.; de Silva, A.; Gill, T.; et al. Validity of Short Food Questionnaire Items to Measure Intake in
Children and Adolescents: A Systematic Review. . Hum. Nutr. Diet. 2017, 30, 36-50. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1210/er.2009-0011
http://dx.doi.org/10.1111/nure.12133
http://dx.doi.org/10.3390/nu6093818
http://dx.doi.org/10.3390/nu9080838
http://dx.doi.org/10.1017/S0007114515001634
http://dx.doi.org/10.1186/1471-2431-11-117
http://dx.doi.org/10.1097/DBP.0b013e31821bd1dd
http://dx.doi.org/10.1111/apa.13439
https://www.ssb.no/en/utdanning/statistikker/utniv
https://www.ssb.no/en/utdanning/statistikker/utniv
http://dx.doi.org/10.1111/jhn.12399
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Measures 
	Measures of Child Neurodevelopment 
	Dietary Intake 
	Other Baseline Measures 
	Measures of Parents’ Socio-Demographics 

	Statistical Analysis 

	Results 
	Study Sample 
	ASQ 
	Dietary Intake 
	Associations Between Dietary Factors and ASQ Score 

	Discussion 
	Conclusions 
	References

