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Abstract
Early-life nutrition is critical for optimal brain development; however, few studies have evaluated the impact of diet as a whole in early
childhood on neurological development with inconsistent results. The present analysis is a cross-sectional study nested within an ongoing
prospective birth cohort, the Rhea study, and aims to examine the association of dietary patterns with cognitive and psychomotor
development in 804 preschool (mean age 4·2 years) children. Parents completed a validated FFQ, and dietary patterns were identiﬁed using
principal component analysis. Child cognitive and psychomotor development was assessed by the McCarthy Scales of Children’s Abilities
(MSCA). Multivariable linear regression models were used to investigate the associations of dietary patterns with the MSCA scales. After
adjustment for a large number of confounding factors, the ‘Snacky’ pattern (potatoes and other starchy roots, salty snacks, sugar products and
eggs) was negatively associated with the scales of verbal ability (β = − 1·31; 95 % CI −2·47, −0·16), general cognitive ability (β = − 1·13; 95 % CI
−2·25, −0·02) and cognitive functions of the posterior cortex (β = − 1·20; 95 % CI −2·34, −0·07). Further adjustment for maternal intelligence,
folic acid supplementation and alcohol use during pregnancy attenuated the observed associations, but effect estimates remained at the same
direction. The ‘Western’ and the ‘Mediterranean’ patterns were not associated with child neurodevelopmental scales. The present ﬁndings
suggest that poorer food choices at preschool age characterised by foods high in fat, salt and sugar are associated with reduced scores in
verbal and cognitive ability.
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Over the past few decades, several epidemiological and experimental animal studies have shown that early-life nutrition has a
strong impact on cognitive development(1–3). The existing literature, however, has mainly focused on nutrition in infancy and its
association with cognitive and psychomotor development by
highlighting the positive effect of prolonged breast-feeding(4–7).
Early childhood is an important period for the establishment of
food preferences and dietary habits, laying the formation of adult
eating habits(8,9). Only a few studies to date have investigated the
role of child diet as a whole on cognitive development(10–13).
Birth cohort studies in infants aged 6, 12, 15 and 24 months
reported that those who followed the ‘breast-feeding’ and the
‘home-made’ pattern had increased intelligence quotient (IQ)
scores at 4 and 8 years of age(10,11). A cross-sectional study
performed by Theodore et al.(12) observed that children with
high consumption of breads and cereals and ﬁsh at 3,·5 and 7
years of age had higher IQ scores. Half of the children included
in this study were born small for gestational age, and

generalisability of the results to other populations is rather difﬁcult. On the other hand, a ‘processed’ (high fat and sugar
content) pattern of diet at 3 years of age was negatively associated with IQ assessed at 8·5 years of age in the ALSPAC cohort
in the UK(13). All previously mentioned studies have assessed
dietary patterns with the use of principal component analysis
(PCA), which is a population-speciﬁc method and cannot be
extrapolated to other populations.
Data from large observational studies suggest that higher
adherence to Mediterranean-type diets relates to better cognitive function and a reduced risk of dementia in adults; however,
its association with child cognitive function remains poorly
explored(14,15). In the 1990, the Cretan population had higher
life expectancy mainly attributed to their Cretan Mediterranean
diet(16), but despite the well-recognised health beneﬁts this type
of diet has undergone many changes and has become more
Westernised. Recent ﬁndings conﬁrm this nutritional transition
showing that nowadays Cretan children consume more snacks
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and dairy products and less cereals when compared with what
their peers consumed 15 years ago(17). The investigation of
dietary patterns, instead of single foods and nutrients, will allow
us to evaluate the current diet of Cretan children as a whole and
examine which dietary patterns are associated with their
neurodevelopment.
In the present cross-sectional study, nested within an
ongoing prospective birth cohort study, we aimed to examine
for the ﬁrst time the impact of children’s dietary patterns, as
obtained by PCA, on cognitive and psychomotor development
at preschool age. To assess this association, we used a validated
FFQ, as well as a valid and complete version of an
age-appropriate psychometric test(18), after controlling for
several confounding and mediator factors.

Methods
Study population
The ‘Rhea’ study is an ongoing prospective birth cohort based
in southern Greece, in the island of Crete. The population
included in the study are women living in the prefecture of
Heraklion, aged 16 years or above, with no communication
handicap, who were pregnant during 2007–2008. Starting in
February 2007, women in early pregnancy (before 15th week of
gestation) were asked to participate in the study. They were
contacted again at various times during pregnancy, at birth, at
8–10 weeks after delivery and for children’s follow-up at
9 months, 18 months and at 4 years of age. The initial
recruitment and the subsequent follow-ups of the mothers and
their children have been approved by the Ethical Committee of
the University Hospital of Heraklion (Crete, Greece). All
participants provided written informed consent.
The present analysis is a cross-sectional study, nested within
the Rhea cohort. During the 4-year follow-up of the children, we
obtained dietary information for a total of 1081 children with the
use of a validated FFQ(19). Children who followed a speciﬁc diet
for health purposes (n 20) were excluded from the analysis.
During the same follow-up, cognitive and neuropsychological
development was assessed for 925 children by means of the
McCarthy Scales of Children’s Abilities (MSCA) test. In total,
twenty-six children with a neurodevelopmental disorder diagnosis or other diagnosed medical conditions (i.e. plagiocephalus,
microcephalus, hydrocephalus and brain tumour) and/or
incomplete examination were excluded. We also excluded
twenty-ﬁve pairs of twins. In total, 804 singleton children with
full information on dietary intake and neurodevelopmental
assessment were included in the present analysis.

Dietary assessment
Dietary intake information was collected at the 4-year
follow-up, using the ‘Rhea 4-year follow-up FFQ’, a validated
semi-quantitative FFQ designed to assess habitual dietary intake
in preschool children(19). The FFQ was administered to primary
caregivers by a well-trained dietitian through telephone interview. The questionnaire included questions on 118 food items
with the following components: food frequency, type of meals

during the day (breakfast, morning snack, lunch, afternoon
snack, dinner, evening snack), use of dietary supplements, type
of fat used for cooking, frequency of meals consumed in restaurants or take away and television viewing during meals).
Parents could select the portion size and report their child’s
intake in terms of frequency (times per day, week, month,
year). Seasonality of consumption was also reported for food
items. Daily intake of foods and nutrients was calculated using
the UK food tables (McCance & Widdowson’s The Composition
of Foods, 6th summary edition) and standard Greek recipes
(Composition Tables of Foods and Greek Dishes by Antonia
Trichopoulou, 3rd edition) for complex mixed dishes. The
dietary intake data were analysed by using a software program
developed at the Department of Applied Information Technology and Multimedia, TEI-Crete, Heraklion, Crete, Greece.
Three dietary patterns were determined with the use of PCA:
the ‘Mediterranean’, ‘Snacky’ and ‘Western’ dietary patterns(20).
The online Supplementary Table S1 describes the foods included in each pattern and their factor loadings. The ‘Mediterranean’ pattern was characterised by high intake of vegetables,
fruits, pulses, olive oil, ﬁsh and seafood. The ‘Snacky’ pattern
was characterised by foods that require minimum preparation
such as potatoes and other starchy roots, salty snacks, sugar
preserves and confectionery and eggs. The ‘Western’ pattern
comprised cereals and bakery products, cheese, lipids of animal
and vegetable origin, sweetened beverages (soft drinks, packed
fruit juices) and meat products.

Assessment of neurodevelopment
Children’s neurodevelopment was assessed at the 4-year
follow-up, by two trained psychologists, with the ageappropriate instrument MSCA, developed for children aged
2·5–8·5 years. In brief, the MSCA test aims to identify possible
developmental delay in different skills with the use of six scales:
the verbal scale, the perceptual-performance scale, the quantitative scale, the general cognitive scale, the memory and the
motor scale(18). Each child received a score for every scale
based on its performance, and at the end of the neurodevelopmental assessment the examiners evaluated the ‘quality of
assessment’. For each scale, the child’s score was determined by
the number of items for which credit was received. Raw scores
on the separate scales of MSCA can range from 22 to 78 and on
the general cognitive scale from 50 to 150 points. Executive
function and cognitive functions of posterior cortex are two
additional scales derived from the MSCA test(21,22).
Raw scores of the neurodevelopmental assessment scales
were standardised for child’s age at test administration using a
method for the estimation of age-speciﬁc reference intervals
based on fractional polynomials(23). Standardised residuals
were then typiﬁed having a mean of 100 points with a 15 SD to
homogenise the scales as commonly used in studies evaluating
neurodevelopment such as IQ assessment.

Potential confounders
Maternal and child socio-demographic and lifestyle characteristics were obtained via face-to-face or self-administered
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questionnaires and medical records from early pregnancy up to
children’s 4 years of age (4-year follow-up). Maternal education
(low level: ≤6 years of school, medium level: 7–12 years of
school, high level: university or technical college degree) and
maternal age were available at recruitment and were updated
during the 4-year follow-up. Maternal folic acid supplement use
(mg/week) and alcohol intake (g of alcohol/d) during
pregnancy were collected at the second trimester of pregnancy.
At birth, we collected details on child’s sex (male/female), birth
order (only child/ﬁrst child/other), birth weight (kg) and preterm birth (<37 weeks of gestation; yes/no). Breast-feeding
duration (months) was reported for children at two time points:
9 and 18 months. Birth weight z-scores were adjusted for
gestational age and sex. During the 4-year follow-up, we
collected information on maternal residence (urban, rural),
maternal working status (yes/no), marital status (marriedengaged/other), pre-school attendance (yes/no), passive
smoking at home (yes/no) and h/d spent watching television
(almost never, 1, ≥2). Maternal intelligence was measured using
the Raven’s Standard Progressive Matrices test(24). Raven’s test is
a non-verbal test and the only self-administered test in the
present analysis, in which the mothers were asked to answer
sixty multiple choice questions, listed in order of difﬁculty. In
each test item, they were asked to identify the missing element
that completes a pattern. It is designed to measure reasoning
ability, the eductive component of general intelligence.
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chronological order: the ﬁrst model (basic model) was adjusted
for quality of assessment, child sex and examiner. The second
model (confounding by infant characteristics) was adjusted for
the variables in model 1 plus infant characteristics such as birth
weight z-scores and breast-feeding duration. The third model
(confounding by maternal characteristics) was adjusted for the
variables in model 2 plus maternal characteristics including
maternal age, maternal education, birth order and marital status.
The fourth model (mediation by child life-style characteristics)
was adjusted for the variables in model 3 plus child lifestyle
characteristics such as day care attendance, passive smoking
and hours per day spent watching television. The ﬁfth model
(confounding by maternal intelligence) was adjusted for variables in model 4 plus maternal intelligence. This model was
performed for a subsample of the study population with available information on maternal intelligence (n 339) as a sensitivity
analysis. An additional sensitivity analysis (model 6) was carried
out by excluding preterm births described by the sixth model
(mediation by preterm birth) that was adjusted for variables in
model 4, after excluding preterm births (n 630). We also performed further adjustment for folic acid supplementation and
alcohol intake during pregnancy (model 7) for mother–child
pairs with available information on these variables (n 569).
All hypothesis testing was conducted assuming a 0·05 signiﬁcance level and a two-sided alternative hypothesis. Stata S.E.
version 13 was used for the statistical analyses (StataCorp LP).

Statistical analysis
In the present analysis, we used the DAFNE system for the
classiﬁcation of foods adapted to the Greek population(25). The
PCA method was used to reduce the data from the child’s daily
intake (g) of the seventeen food groups and to identify the
dietary patterns. The Kaiser–Mayer–Olkin measure was
calculated to evaluate the sample adequacy. To identify the
number of components, we used the eigenvalue of >1 criterion,
the visual representation by the scree plot(26) and the interpretability of the factor loadings. Varimax rotation was applied
to enhance the determination of the dietary components(27,28).
Factor loadings above 0·3 on a component were considered to
have a strong association with that component. A score was
attributed to every child for each of the components identiﬁed.
The score was calculated for each of the components retained
by summing the standardised values of the food items weighted
by their scoring coefﬁcients.
The possibility of nonlinear associations was tested by
generalised additive models indicating linear relationships
between children’s dietary patterns and the neurodevelopmental outcome variables (P > 0·1). Therefore, multivariable
linear regression models were ﬁtted to examine the associations
after adjusting for confounders that modiﬁed any of the exposure coefﬁcients by 10 % or more. The ‘quality of assessment’,
child’s sex and examiner were included as a priori confounders
in the present analysis. Estimated associations were described
with β-coefﬁcients and 95 % CI.
We examined the role of confounders and potential modiﬁers
in the association of dietary patterns with children’s neurodevelopment at 4 years of age in six models presented in a

Results
A description of the population characteristics is presented in
Table 1. The majority of mothers had Greek origin
(n 751, 94·4 %), medium education (n 394, 51·4 %) and were
married (n 783, 98·0 %). A total of 412 (51·2 %) boys and 392
(48·8 %) girls participated in the present analysis, had a mean
birth weight of 3·20 (SD 0·45) kg and were breast-fed for 4·12
(SD 4·31) months. Most of the children attended pre-school
(n 685, 85·7 %), and almost half of them were exposed to
passive smoking (n 371, 46·3 %) at 4 years of age. A higher
proportion of the mothers participating in the analysis breastfed their children longer (P < 0·001) and were of higher
education (P < 0·001) as compared with the non-participants
(online Supplementary Table S2). The distribution of the
standardised neurodevelopmental scores are described in
Table 2. The standardised mean scores in the McCarthy scales
were approximately 100 (SD 15), ranging from 97·87 points for
the motor ability scale to 98·31 for the memory scale.
Table 3 presents the multivariable associations between the
three dietary patterns and MSCA scores at 4 years of age. In the
minimally adjusted model, the ‘Western’ and the ‘Snacky’ dietary patterns were associated with lower scores in verbal,
quantitative, general cognitive ability, memory, executive
function and cognitive functions of posterior cortex scales. Most
of these associations remained after additional adjustment for
birth weight and breast-feeding duration (model 2). Further
adjustment for maternal socio-demographic characteristics
(model 3) attenuated the associations with the ‘Western’ dietary
pattern, whereas the ‘Snacky’ pattern remained negatively
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Table 1. Descriptive characteristics of the study population
(Mean values and standard deviations; numbers and percentages)
n
Maternal characteristics
Maternal age (years)
Mean

33·48
4·99
751
45

94·4
5·6

119
394
253

15·5
51·4
33·0

472
328

59·0
41·0

783
16

98·0
2·0

412
392

51·2
48·8

147
226
426

18·4
28·3
53·3

93
689
779

11·9
88·1
3·2
0·45

SD

Breast-feeding duration (months)
Mean

763
4·1
4·31

SD

Child characteristics at 4 years
Pre-school attendance
No
Yes
Passive smoking at home
No
Yes
Hours/day spent watching TV
Almost never
1
≥2

%

795

SD

Maternal origin
Greek
Non-Greek
Maternal education
Low
Medium
High
Maternal working status
Working
Not working
Maternal marital status
Married
Other
Infant characteristics
Sex
Male
Female
Birth order
Only child
First child
Other
Preterm birth
Yes
No
Birth weight (kg)
Mean

Table 2. Standardised scores of the McCarthy neurodevelopmental
scales at 4 years of age
(Mean values and standard deviations; n 804)

114
685

14·3
85·7

430
371

53·7
46·3

218
298
283

27·3
37·3
35·4

TV, television.

associated with child cognitive scores. A 1 SD increase in the
‘Snacky’ pattern score was associated with a 1·33 point decrease
in the scale of verbal ability (95 % CI −2·49, −0·17, P < 0·05), 1·23
point decrease in general cognitive ability (95 % CI −2·37, −0·10,
P < 0·05) and 1·29 point decrease in cognitive functions of the
posterior cortex (95 % CI −2·43, −0·14, P < 0·05). Additional
adjustment of child’s lifestyle characteristics (model 4) did not
attenuate the observed associations. We further adjusted for
maternal intelligence (model 5) in a subsample of 339 mother–
child pairs with available information on maternal cognition
(Raven’s test). We reduced model 4 to 339 mother–child pairs,
and we observed that further adjustment for maternal intelligence did not change the direction of associations (data not
shown). We also repeated our analysis after excluding preterm
births, and results remained unchanged (model 6). When we
further adjusted for folic acid supplementation and alcohol use

Neurodevelopmental scales

Mean

SD

Verbal ability
Perceptual performance
Quantitative ability
General cognitive ability
Memory
Motor ability
Executive function
Cognitive functions of posterior
cortex

98·16
98·26
98·06
97·94
98·31
97·87
98·20
97·90

16·56
15·86
16·38
16·47
16·29
17·00
16·43
16·36

Minimum Maximum
48·85
43·82
46·19
43·97
56·79
26·94
39·00
48·67

148·08
146·72
151·39
143·91
150·48
147·95
148·81
141·62

during pregnancy, the ‘Snacky’ pattern remained negatively
associated with all cognitive scales, although effect estimates
were slightly attenuated.

Discussion
In the present analysis, we found that children who had
unhealthy food choices at preschool age, characterised by
processed and high-sugar foods, scored lower in verbal ability,
general cognitive ability and cognitive functions of the posterior
cortex. These associations persisted after the sequential
adjustment of several socio-demographic and lifestyle factors.
Further adjustment for maternal intelligence, folic acid supplementation and alcohol use during pregnancy in a subsample of
the study population attenuated the observed associations, but
effect estimates remained in the same direction. Findings from
the present study add to existing literature by supporting weak
but novel associations between dietary patterns and
neurodevelopment in early childhood.
Comparison with other studies is rather complex mainly
because of different methodological approaches including
study design, food variability across countries, control of confounding factors and use of valid psychometric tests. However,
these results are in line with two other cohort studies, which
reported lower IQ scores for children who adhere to less
healthy patterns, characterised by products high in fat and
sugar(11,13). Similar to our ﬁndings, these studies reported
stronger associations in minimally adjusted models, but results
attenuated after adjusting for a large array of confounders. The
‘Snacky’ and ‘Western’ dietary patterns in our analysis share
some common food items. Both dietary patterns were negatively associated with child cognitive scores at the minimally
adjusted models; however, effects remained signiﬁcant only for
the ‘Snacky’ pattern in the fully adjusted models. This could be
possibly attributed to the lower variance explained by the
‘Western’ pattern (8·68 %) compared with the ‘Snacky’ pattern
(10·55 %). Moreover, most of the food items included in the
‘Western’ pattern such as cereals and cereal products, meat and
meat products and non-alcoholic beverages are commonly
consumed by children at this age group.
The underlying mechanisms affecting verbal and cognitive
child development because of poorer food choices characterised by higher intakes of fat and sugar at preschool age are
rather complex. Animal studies have demonstrated detrimental
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Table 3. Multivariable associations between dietary patterns and neurodevelopmental test scores at 4 years of age in Rhea Cohort Study, Crete, Greece
(β-Coefficients and 95 % confidence intervals)

Perceptual
performance

Verbal ability
Dietary patterns

95 % CI

−0·01
−1·53**
−2·62***

−1·04, 1·02
−2·59, −0·48
−3·74, −1·51

−0·34
−1·19*
−2·54***

β

General
cognitive ability

Memory

Executive
function

Motor ability

Cognitive
functions of
posterior cortex

95 % CI

β

95 % CI

β

95 % CI

β

95 % CI

β

95 % CI

β

95 % CI

β

95 % CI

−0·39
−0·10
−2·20***

−1·41, 0·64
−2·04, −0·06
−3·31, −1·09

−0·55
−1·63**
−1·24*

−1·11, 1·00
−2·71, −0·55
−2·39, −0·10

−0·21
−1·61**
−2·60***

−1·23, 0·82
−2·66, −0·57
−3·70, −1·49

−0·16
−1·60**
−1·82**

−1·20, 0·88
−2·66, −0·53
−2·95, −0·70

−0·79
−1·01
−0·69

−1·88, 0·29
−2·11, 0·09
−1·85, 0·48

0·04
−1·42**
−2·44***

−1·01, 1·09
−2·49, −0·35
−3·57, −1·31

−0·42
−1·53**
−2·42***

−1·44, 0·59
−2·57, −0·49
−3·52, −1·33

−1·42, 0·75
−2·29, −0·09
−3·70, −1·38

−0·46
−0·65
−2·38***

−1·54, 0·62
−1·75, 0·45
−3·53, −1·22

−0·26
−1·25*
−1·08

−1·37, 0·85
−2·38, −0·12
−2·27, 0·11

−0·49
−1·18*
−2·59***

−1·56, 0·58
−2·27, −0·10
−3·73, −1·44

−0·45
−1·35*
−1·82**

−1·55, 0·64
−2·45, −0·24
−2·98, −0·65

−0·82
−0·63
−0·94

−1·96, 0·33
−1·79, 0·53
−2·16, 0·28

−0·29
−1·04
−2·34***

−1·38, 0·81
−2·15, 0·07
−3·51, −1·17

−0·63
−1·11*
−2·50***

−1·69, 0·43
−2·19, −0·03
−3·64, −1·36

−0·06
−0·66
−1·33*

−1·12, 0·99
−1·73, 0·41
−2·49, −0·17

−0·60
−0·21
−1·16

−1·66, 0·46
−1·29, 0·87
−2·33, 0·01

−0·11
−0·72
−0·25

−1·21, 0·99
−1·84, 0·40
−1·46, 0·96

−0·35
−0·59
−1·23*

−1·38, 0·68
−1·64, 0·46
−2·37, −0·10

−0·21
−0·85
−0·80

−1·29, 0·88
−1·95, 0·26
−1·99, 0·39

−0·78
−0·36
−0·27

−1·93, 0·37
−1·54, 0·81
−1·54, 1·00

−0·18
−0·34
−0·97

−1·23, 0·88
−1·41, 0·73
−2·13, 0·18

−0·49
−0·65
−1·29*

−1·52, 0·55
−1·71, 0·41
−2·43, −0·14

−0·17
−0·40
−1·31*

−1·22, 0·88
−1·48, 0·67
−2·47, −0·16

−0·85
0·24
−1·01

−1·87, 0·19
−0·82, 1·31
−2·15, 0·13

−0·36
−0·31
−0·12

−1·44, 0·72
−1·42, 0·79
−1·31, 1·06

−0·56
−0·19
−1·13*

−1·58, 0·45
−1·23, 0·85
−2·25, −0·02

−0·28
−0·63
−0·82

−1·36, 0·80
−1·74, 0·47
−2·01, 0·37

−1·00
−0·04
−0·13

−2·14, 0·14
−1·13, 1·20
−1·38, 1·13

−0·38
0·06
−0·87

−1·42, 0·65
−0·99, 1·12
−2·01, 0·26

−0·68
−0·29
−1·20*

−1·71, 0·35
−1·34 0·77
−2·34 −0·07

0·47
0·80
−0·81

−1·02, 1·95
−0·87, 2·48
−2·52, 0·90

−0·69
1·31
0·04

−2·11, 0·72
−2·29, 2·90
−1·58, 1·67

0·35
0·22
0·68

−1·08, 1·77
−1·39, 1·82
−0·96, 2·32

−0·02
1·13
−0·29

−1·40, 1·40
−0·43, 2·70
−1·89, 1·30

0·12
1·01
−0·25

−1·37, 1·60
−0·66, 2·69
−1·98, 1·46

−0·83
1·01
0·30

−2·40, 0·76
−0·78, 2·79
−1·52, 2·13

0·41
1·12
0·16

−1·04, 1·86
−0·51, 2·75
−1·51, 1·83

−0·43
0·98
−0·63

−1·80, 0·95
−0·57, 2·.53
−2·21, 0·96

0·34
−0·46
−1·11

−0·81, 1·49
−1·63, 0·71
−2·33, 0·11

−1·07
0·10
−1·16

−2·23, 0·09
−1·08, 1·28
−2·39, 0·07

−0·42
−0·69
−0·01

−1·60, 0·75
−1·89, 0·50
−1·25, 1·24

−0·38
−0·38
−1·07

−1·49, 0·73
−1·51, 0·75
−2·25, 0·11

−0·05
−0·96
−0·77

−1·24, 1·13
−2·17, 0·25
−2·03, 0·48

−1·00
−0·03
−0·24

−2·27, 0·27
−1·32, 1·27
−1·58, 1·11

−0·23
−0·22
−0·72

−1·38, 0·91
−1·39, 0·94
−1·93, 0·50

−0·47
−0·31
−1·22*

−1·59, 0·66
−1·46, 0·83
−2·41, −0·02

−0·31
−0·29
−1·36*

−1·55, 0·92
−1·56, 0·98
−2·71, −0·01

−0·97
0·42
−0·45

−2·18, 0·24
−0·82, 1·67
−1·78, 0·88

−0·46
−0·03
−0·10

−1·73, 0·81
−1·34, 1·27
−1·50, 1·29

−0·70
0·02
−0·93

−1·90, 0·49
−1·21, 1·24
−2·24, 0·38

−0·31
−0·41
−0·76

−1·59, 0·97
−1·72, 0·90
−2·16, 0·64

−1·39*
0·47
−0·06

−2·73, −0·05
−0·91, 1·85
−1·53, 1·41

−0·40
0·09
−0·80

−1·61, 0·81
−1·15, 1·34
−2·13, 0·52

−0·99
−0·10
−0·85

−2·21, 0·23
−1·27, 1·25
−2·19, 0·49
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Model 1† (n 804)
Mediterranean
Western
Snacky
Model 2‡ (n 754)
Mediterranean
Western
Snacky
Model 3§ (n 723)
Mediterranean
Western
Snacky
Model 4|| (n 722)
Mediterranean
Western
Snacky
Model 5¶ (n 339)
Mediterranean
Western
Snacky
Model 6†† (n 630)
Mediterranean
Western
Snacky
Model 7‡‡ (n 569)
Mediterranean
Western
Snacky

β

Quantitative
ability

TV, television.
* P < 0·05, ** P < 0·01, *** P < 0·001.
† Model 1: adjusted for quality of assessment, child sex and examiner.
‡ Model 2: plus birth weight z-scores, breast-feeding duration.
§ Model 3: plus maternal age, maternal education, birth order, marital status.
|| Model 4: plus day care attendance, passive smoking, TV watching.
¶ Model 5: plus maternal intelligence.
†† Model 6: adjusted for quality of assessment, child sex and examiner, birth weight z-score, breast-feeding duration, maternal age, maternal education, birth order, marital status, day care attendance, passive smoking, TV watching, excluding
preterm births.
‡‡ Model 7: adjusted for quality of assessment, child sex and examiner, birth weight z-score, breast-feeding duration, maternal age, maternal education, birth order, marital status, day care attendance, passive smoking, TV watching plus
maternal folic acid and alcohol use during pregnancy.
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effects of a high-fat/high-cholesterol diet on cognitive performance in rats, associated with reduced hippocampal dendritic
integrity and activation of microglial cells in the hippocampus(29). Adult epidemiological studies have also shown that
intake of a high-fat diet that includes mostly n-6 and SFA is
associated with worse performance on cognitive tasks(30).
These associations may be even more profound at early life, as
the brain grows at its fastest rate during the ﬁrst 3 years of life,
and it is possible that poorer food choices during this early
period may discourage optimal head and brain growth(31).
The associations seen with the ‘Snacky’ dietary pattern were
stronger for verbal than for other cognitive scales (i.e.
perceptual-performance and quantitative scales of MSCA). This
is in line with the study by Northstone et al.(13) showing that a
poor diet associated with high fat, sugar and processed food
content in early childhood was associated with lower scores in
verbal ability at 8 years of age. Although genetic and environmental inﬂuences on the development of general intelligence
are well documented, less is known on the development of
speciﬁc cognitive abilities (i.e. verbal v. non-verbal abilities),
and the potential mechanism underlying the association of poor
diet during early childhood with children’s verbal abilities
remain unclear. However, there is some evidence that shared
family environmental factors are greater for verbal abilities than
for non-verbal abilities, with the latter being related to individual’s inherent mentality(32).
Strengths of the present study include the assessment of
children’s diet with a validated dietary questionnaire, wellestablished outcome measures and control for several mother
and child characteristics. Dietary patterns were determined with
the use of PCA, which is a method that enables deep understanding of the diet as a whole, instead of isolated foods and
nutrients, and thus promotes the design of valuable interventions and health policies. However, the PCA method introduces
also researcher’s subjectivity in the analysis, whereas dietary
patterns derived from PCA are population-speciﬁc and therefore cannot be reproduced in other populations. Neurodevelopment assessment at preschool age was performed with the
use of MCSA test, which is a valid psychometric test(18); it
provides both a general level of child’s intellectual functioning
and an assessment of separate neurodevelopmental domains
(verbal ability, perceptual performance, number aptitude,
memory, motor and executive functions), and thus detects
which domain is mostly affected. We decided to exclude children with a neurodevelopmental disorder diagnosis, as neurological impairment in children is associated with an increased
risk of feeding and nutritional problems. In the present analysis,
we used standardised neurodevelopmental scales (mean of 100
points with a 15 SD). There is extensive literature on the public
health impact of a 1-point loss of a neuropsychological scale;
most of them are based on effects of lead exposure on IQ(33).
Although a seemingly small change of a 1-point decrease in IQ
score might not be relevant at the individual level, at the
population level this is possible to swift the distribution of IQ to
the left and increase the number of persons below the normal
range(34). The inclusion of maternal intelligence, although
available for a subsample of the total population, should be
considered as an additional strength of the present study.

After adjustment for maternal intelligence, the direction of
associations did not change in these models, compared with
model 4 reduced to the subsample with available information.
Signiﬁcance levels were attenuated, probably because of small
sample size available for this analysis or the possibility that
maternal intelligence is associated with better food choices and
thus with better child neurodevelopment.
The study has also some limitations. The cross-sectional
design of the study does not permit the conclusion of any causal
associations. Children included in the present analysis who had
complete data were more socially advantaged than the remainder of the cohort, and this could lead to underestimation of the
observed associations. Although we incorporated extensive
information on potential social and environmental factors that
are associated with child neurodevelopment, we acknowledge
that residual confounding because of other unmeasured
confounders such as home environment may still occur.
Overall, the present ﬁndings indicate weak but important
associations between ‘less healthy’ dietary patterns, high in salty
snacks, fat and sugar, and lower scores in verbal and cognitive
ability scales for preschoolers. Public health implications of our
ﬁndings highlight the importance of targeted nutritional policies
or recommendations in order to promote early-life healthy
dietary habits, before entry into formal education for optimal
child cognitive and psychosocial development. Future research
is needed to investigate the long-lasting effects of early life
dietary patterns on child neurodevelopment in other populations or subgroups.
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