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ABSTRACT
Objectives: Attention-deficit hyperactivity disorder (ADHD) is a prevalent neurobehavioral disorder
in children. There are limited studies for diet or dietary supplement effects on ADHD in preschool
children in Asia. This study aimed to determine the association between dietary patterns in 4-year-
old children and ADHD symptoms in 6-year-old children. Methods: We estimated dietary intake in 4-
year-old children using a food frequency questionnaire. Using 33 food groups, major dietary
patterns were identified in relation to the consumption of sweets, vegetables, meats, and
carbohydrates. Parents of 6-year-old children used the Korean version of the ADHD Rating Scale
for ADHD symptom assessment. Results: A sweet dietary pattern was associated with a higher
risk of attention deficit (AD) (relative risk [RR], 1.34; confidence interval [CI], 1.17–1.55),
hyperactivity (RR, 1.40; CI, 1.19–1.64), and ADHD symptoms (RR, 1.37; CI, 1.23–1.52). A vegetable
dietary pattern was associated with a lower risk of ADHD symptoms (RR, 0.81; CI, 0.72–0.90).
Food item analysis of the sweet dietary pattern showed that intake scores for chocolate, chips,
and fruit jams positively correlated with AD, hyperactivity, and ADHD symptoms.
Discussion: These findings can be useful to further understand the roles of dietary factors in ADHD.

Abbreviations: CAS study: Congenital Anomaly Study; EDC study: Environment and Development of
Children study; K-ARS: ADHD Rating Scale; ADHD: Attention-deficit hyperactivity disorder; RR:
relative risk; FFQ: food frequency questionnaire; PCA: principal component analysis; SD: standard
deviation
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Introduction

The worldwide-pooled prevalence rate for attention-
deficit hyperactivity disorder (ADHD) has been reported
to be 3.4–7.2% in children and adolescents [1,2]. ADHD
is characterized by both internalizing problems, such as
depression and anxiety, and externalizing problems,
such as impulsivity and hyperactivity [3]. Children
with ADHD have significantly poorer school-work per-
formance, family relationships, and social interaction
[4,5]. The etiology of ADHD is considered to be due to
multifactorial causes. Risk factors for ADHD include
perinatal stress, low birth weight, traumatic brain injury,
maternal smoking and alcohol use during pregnancy,
lead exposure, social disadvantages, such as low edu-
cational level or divorced parent, and family history

[6]. Several studies have suggested that ADHD in chil-
dren is associated with nutritional issues, such as vitamin
D or mineral deficiencies [7], low level of omega-3 fatty
acids [8], high zinc level in hair [9], and low adherence
Mediterranean dietary pattern [6]. However, the associ-
ation between dietary intake or dietary patterns and
behavioral problems in children has only been constantly
reported in Western countries, whereas few studies have
been conducted involving Asian children. Because
people who lived in Western countries and Asian
countries have very different dietary habits or nutritional
intake according to the type of meals, research studies on
dietary pattern and ADHD symptom in Asia children
are needed. One study in China reported the relationship
between dietary patterns and ADHD symptoms during
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the preschool period. That study observed that a higher
dietary intake of processed and snack foods and a
lower intake of vegetarian foods was associated with a
significantly higher risk of ADHD symptoms. Two
recent Korean studies have investigated the association
between dietary patterns and behavioral problems in
children. Park et al. showed that a high intake of sweets,
fried food, and salt were related to learning disabilities in
children. However, a well-balanced diet, regular eating,
and an intake rich in dairy products and vegetables
had beneficial effects on learning difficulties, attention
spans, and behavior in school-age children [10]. In
another Korean study, the Korean traditional dietary
pattern was found to be associated with lower risks of
children having ADHD [11]. However, no study has
reported an association between dietary patterns and
ADHD symptoms in preschool children in Korea,
despite an increasing global prevalence of ADHD symp-
toms having been reported in preschool children [12].

To further understand the relationship between diet-
ary patterns and ADHD in preschool children, we aimed
to examine the longitudinal relationship between dietary
patterns of 4-year-old children and ADHD symptoms in
the same children at age 6.

Materials and methods

Study participants

We used data from an Environment and Development of
Children (EDC) prospective cohort study, as previously
described by Kim et al [13], to investigate the effects of
childhood environmental exposures on the development
of physical and neurological behavior. Briefly, we con-
ducted the Congenital Anomaly Study (CAS) to analyze
the association between environmental exposure of the
fetus and congenital birth defects. In that study, 13,484
pregnant women from eight local hospitals in the Seoul
and Gyeonggi provinces of South Korea were enrolled
from August 2008 to July 2010. After the CAS ended
in 2011, we individually contacted mothers, who were
randomly selected from the CAS participant list, to be
recruited for the EDC study using telephone calls.

We compared mothers with children enrolled to not
enrolled in the EDC study, the proportion of active smo-
kers (6.1% vs 5.9%; p-value: 0.736), proportion of cesar-
ean section deliveries (35.2% vs 33.5%; p-value: 0.951),
maternal age at enrollment (31.3 ± 3.6 years vs 30.5 ±
3.5 years; p-value < 0.0001) and birth weight (3.2 ±
0.04 kg vs 3.2 ± 0.05 kg; p-value: 0.801) did not differ sig-
nificantly except for maternal age at enrollment. We
started their follow-up between 2012 and 2013, and
every 2 years thereafter. From 2013 to 2015, 645 4-

year-old children were followed up and, from 2015 to
2017, 575 6-year-old children were followed up. In
2014 and 2015, 52 and 29 more children were randomly
added, respectively, after the invitation of the CAS study
participants to make up for previous losses at follow-up
time.

We obtained data from 535 children who had been
followed up at both ages 4 and 6 years. Figure 1 shows
the process of selecting participants throughout the
study. Detailed information concerning the study was
provided to all participants’ parents, and prior written
consent was obtained at every survey. The study protocol
was approved by the Institutional Review Board of the
Seoul National University Hospital (IRB No. 1201-010-
392).

Dietary assessment

Dietary intake for each child was assessed using a vali-
dated semi-quantitative food frequency questionnaire
(FFQ), which was administered during the follow-up vis-
its at ages 4 and 6 years. Previous research shows that
FFQ is reliable(r = 0.5–0.8) and valid(r = 0.3–0.6) for a
range of nutrients [14–16]. The FFQ included 91 food
items, with nine response categories ranging in fre-
quency from ‘rarely use’ to ‘three or more times per
day’. For all foods, the questionnaire specified the intake
of a small portion (50% smaller than the average), an
average portion, or a large portion (50% larger than
the average) of food. The parents were asked to indicate
their child’s average intake frequency and the portion
size of foods consumed. The amount of each food item
included in the FFQ was converted into grams, from
which the daily intake of nutrients was calculated using
the Computer-Aided Nutritional Analysis Program 5.0,
developed by the Korean Nutrition Society.

ADHD

To evaluate ADHD symptom in 6-year-old children,
parents of the participating children were asked to
respond to the Korean version of the ADHD Rating
Scale (K-ARS) [17]. The K-ARS is a standardized screen-
ing tool for ADHD [18]. The K-ARS includes 18 items
selected from 18 symptoms listed in the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edi-
tion, in relation to ADHD criteria. Nine items are related
to inattention and nine items are related to hyperactivity
and impulsivity, and each item is rated from 0 to 3
points, and the score ranges from 0 to 54. The reliability
and validity of the K-ARS has been previously well estab-
lished in studies involving Korean children [19,20]. To
conduct a prevalence of ADHD in our study, we
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classified children as having ADHD if the ADHD scores
measured by the K-ARS were ≥19 [21].

Covariates

To determine covariates for the association between
dietary pattern and ADHD symptom, univariate
regression analysis was performed to find the signifi-
cant possible covariates associated with AD, HD, and
ADHD scores at age 6 (Table S2). Covariates were
selected at the significance level under 0.2 of p-value
in the univariate analysis, then were included in the
multivariate-adjusted model. We determined children’s
sex, age (month), body mass index z-score, paternal
education levels, daily energy intake, exposure to
second-hand smoke, maternal age during pregnancy,
and gestational age.

A trained technician measured the children’s height
and weight, following standard recommended pro-
cedures at each visit. Based on the 2007 Korean
National Growth Charts [22], body mass index (BMI)
z-scores for corresponding ages were determined. In
addition, we added in the cross-sectional model for
adjusting the monthly household income information,
which was asked to the parents at 6-year-olds (Table
S5 and Table S6).

Statistical analysis

Ninety-one food items were classified into 33 food
groups, based on the nutritional profile of each food
item, to evaluate dietary patterns (Table S1). Because
the association between dietary intake and ADHD
score variables could be the result of differences in
total energy intake between comparison groups, the
total energy intake was further controlled [23]. We
used the amount of each food item which was obtained
after the control of a residual of total intake. A factor
analysis on the intake frequency values of 33 food groups
was performed to derive a dietary pattern using orthog-
onal rotation to determine the major dietary patterns,
and we conducted a principal component analysis
(PCA) to extract the relevant dietary patterns. We deter-
mined the number of dietary patterns after reviewing
both the Scree plot and the coherence of apparent dietary
patterns. We divided into four groups (Q1 (below 25%),
Q2 (25% – 50%), Q3 (50%−75%), Q4 (over 75%)) with
factor loadings in children for each dietary pattern.
Because a higher factor loading value indicates a larger
association with each food group, the children, who
were in quartile 4 (over 75%) group, were likely to be
the highest intake of the food group.

Table S4 shows the factor loadings for four groups
of each dietary pattern in 4- and 6-year-old children.

Figure 1. The flow of participants though the study.
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The associations of each dietary pattern with ADHD
scores were evaluated, adjusting for the children’s
age (months), sex, exposure to second-hand smoke,
BMI z-score, and energy intake, as well as paternal
education levels, maternal age, and gestational age
using SAS (version 8.2, SAS Institute Inc.).

We modeled the K-ARS as a Poisson distribution
using PROC GENMOD in SAS. To estimate the risk of
ADHD on each dietary pattern, the beta estimates of
the Poisson distribution were transformed to relative
risk as the following formula:

We interpreted the relative risk as an increase of risk
of ADHD for a 1 quartile increase of each dietary intake
[24].

When analyzing the association between dietary pat-
terns in 4-year-old children and attention deficit (AD),
hyperactivity, and ADHD symptoms in 6-year-old chil-
dren, we selected the environmental covariates when the
children were aged 4. In addition, we also adjusted for
the environmental covariate when the children were age
6Relative risk = exponential (ß), 95%CI =
exponential(ß+ 1.96 × Standard error). (see Table S5).

In the additional cross-sectional analysis for the
association between dietary pattern and AD, hyperac-
tivity, and ADHD symptoms in 6-year-old children,
we used the relevant covariates when the children
were age 6 (Table S6). The result showed a similar pat-
tern with our longitudinal design. In addition, we
found that there are highly correlated dietary patterns
between 4 and 6 years (p-value was below 0.0001)
(Table S3).

Results

General characteristics

Table 1 shows the demographic characteristics of the 535
children during the follow-up visits at ages 4 and 6 years.
The mean ages of the 4- and 6-year-old children were
47.26 months (standard deviation [SD], 1.82) and 71.05
months (SD, 1.53), respectively. The number and percen-
tage of fathers who had graduated from university were
380 and (71.3%), respectively. The mean value for the
gestational age was 38.68 (SD, 1.53). The proportions of
those exposed to second-hand tobacco smoke among the
4- and 6-year-old children comprised 25.6% and 23.7%,
respectively. The daily nutrient intakes were 1424.66 kcal
(SD, 397.67) at age 4 years and 1484.68 kcal (SD, 362.14)
at age 6 years. The means of BMI z-score at each follow-
up of children were −0.10 (SD, 1.02) at age 4 years and
−0.10 (SD, 1.04) at age 6 years. The defined high-risk
group of ADHD (positive screen) measured by K-ARS
was 3.52% at age 4 and 2.24% at age 6.

Dietary components

Four major dietary patterns were identified using PCA
among the 33 food groups from the 91 food items in
FFQ (Table S1). The dietary pattern loadings for each
food group in the 4-year-old children are shown in Figure
S1.Ahigh intake of snacks, chocolate, sweet drinks, and ice
cream characterized the sweet dietary pattern. The veg-
etable dietary pattern included a high intake of vegetables,
potatoes, fruit, anchovies, beans, and kimchi. The meat
dietary pattern included a high intake of pork, chicken,
fresh fish, and processed fish. Finally, the carbohydrate
dietary patternwas characterizedwith a high intake of pro-
cessed bread, sweet bread, fats, noodles, and dumplings.

The daily nutrient intakes, according to the quartiles
of the four dietary pattern scores, are presented in
Table S7. Total energy intake and animal protein, plant
protein, animal fat, plant fat, vitamin A, retinol, folate,
and vitamin E intakes differed significantly across the
quartiles in relation to the scores for the four dietary pat-
terns. Beta-carotene, vitamin C, monounsaturated fatty
acid, and polyunsaturated fatty acid intakes significantly
differed across the quartiles of the vegetable, meat, and
carbohydrate dietary pattern scores. Saturated fatty
acid intake significantly differed across the quartiles of
the meat and carbohydrate dietary pattern scores.

Associations between dietary patterns and ADHD
symptoms

The associations between dietary patterns in 4-year-old
children and AD, hyperactivity, and ADHD symptoms

Table 1. Demographic characteristics of children in this study
during visits at ages 4 and 6 years.
Characteristics Category 4-year-olds 6-year-olds

N = 535 N = 535
Age (months) 47.26 ± 1.82 71.05 ± 1.53
Boys, n (%) 279 (52.15)
Paternal education High school

graduate or
lower

80 (14.95)

University
graduate

380 (71.03)

Graduate
school

75 (14.02)

Maternal age during pregnancy 31.34 ± 3.58
Gestational age 38.68 ± 1.53
Exposure to
second-hand
smoke

Yes 137 (25.6) 127 (23.7)

Daily energy intake Kcal 1424.66 ± 397.67 1484.68 ± 362.14
BMI z-score −0.10 ± 1.02 −0.10 ± 1.04
Screen positive for
ADHD (19≤ K-
ARS) (%)

3.52 2.24

Note: BMI, body mass index.
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in 6-year-old children are presented in Table 2. Children
in the higher quartiles of the sweet dietary pattern
showed a higher risk of ADHD symptoms than those
in the lower quartiles (relative risks [RRs] and 95% confi-
dence intervals [CIs] from Q4 to Q1: 1.37 [1.23–1.52],
1.23 [1.10–1.37], 1.08 [0.97–1.21], and 1.00). Moreover,
children in the highest quartile of the carbohydrate diet-
ary pattern showed a higher risk of AD, hyperactivity,
and ADHD symptoms than those in the lowest quartile
(RRs [95% CIs] from Q4 to Q1 for ADHD: 1.31 [1.17–
1.46], 1.25 [1.12–1.40], 1.22 [1.09–1.36], and 1.00).

However, children in the third highest quartile (Q3)
of the vegetable dietary pattern showed a significantly
lower risk of ADHD symptoms than those in the lowest
quartile (Q1) in the adjusted model (RR, 0.81; 95% CI,
0.72–0.90). Children in the second (Q2) of the meat diet-
ary pattern showed a significantly highest risk of ADHD
symptoms among the quartile groups (RR, 1.17; 95% CI,
1.05–1.30).

We conducted an additional analysis of the cross-sec-
tional association between dietary patterns and AD,
hyperactivity, and ADHD symptoms in the 6-year-old
children (Table S6). The association between the sweet
dietary pattern and ADHD symptoms showed a similar
result as shown in Table 2. Children in the highest quar-
tile of the meat and carbohydrate dietary pattern still
demonstrated a higher risk of AD, hyperactivity, and
ADHD symptoms than those in the lowest quartile.
The vegetable dietary pattern was associated with a
lower risk of ADHD symptoms in the highest quartiles
than in the lowest quartiles.

Food item analysis for the sweet dietary pattern
and ADHD symptoms

Table 3 shows the food item analysis for the association
between the sweet dietary pattern and AD, hyperactivity,
and ADHD symptom scores. A 10 g increased intake of
chocolate, chips, crackers, sweet bread, traditional sweet
drinks, and jam was associated with an increased risk of
ADHD symptoms in the adjusted model. Meanwhile, a
10 g increased intake of tomato juice and other fruit
juices significantly decreased the risk of hyperactivity
symptoms, and a 10 g increased intake of diet drinks
decreased the risk of AD and ADHD symptoms. There-
fore, the intake scores for chocolate, chips, and jam were
significantly associated with AD, hyperactivity, and
ADHD symptoms, whereas tomato juice, fruit juices,
and diet drinks may reduce the risk of symptoms.

Discussion

This study found that a sweet dietary pattern in children
at age 4 years significantly increased the risk of AD,
hyperactivity, and ADHD symptoms at age 6 years.
The study also found that a vegetable dietary pattern at
age 4 years was negatively associated with ADHD at
age 6 years, suggesting that an intake of vegetables may
play a protective role against ADHD symptoms in
children.

Previous studies have reported associations between
several nutritional factors and childhood behavioral dis-
orders such as ADHD. In children with a high intake of
Western food [25], junk and snack food [26], soft drinks

Table 2. Associations between dietary patterns in 4-year-old children and attention deficit (AD), hyperactivity, and attention-deficit
hyperactivity disorder (ADHD) symptoms in 6-year-old children (N = 535).

Factor 1 (Sweets)
AD symptoms Hyperactivity symptoms ADHD symptoms

RR (CI) RR (CI) RR (CI)

Q1 (Lowest) 1.00 1.00 1.00
Q2 1.11 (0.96–1.29) 1.04 (0.87–1.23) 1.08 (0.97–1.21)
Q3 1.22 (1.05–1.41)** 1.24 (1.05–1.47)** 1.23 (1.10–1.37)**
Q4 (Highest) 1.34 (1.17–1.55)** 1.40 (1.19–1.64)** 1.37 (1.23–1.52)**
Factor 2 (Vegetables) RR (CI) RR (CI) RR (CI)
Q1 (Lowest) 1.00 1.00 1.00
Q2 0.96 (0.84–1.11) 0.91 (0.78–1.07) 0.94 (0.85–1.04)
Q3 0.82 (0.71–0.95)** 0.79 (0.67–0.93)** 0.81 (0.72–0.90)**
Q4 (Highest) 1.02 (0.89–1.17) 0.98 (0.84–1.14) 1.00 (0.90–1.11)
Factor 3 (Meats) RR (CI) RR (CI) RR (CI)
Q1 (Lowest) 1.00 1.00 1.00
Q2 1.19 (1.03–1.36)* 1.14 (0.97–1.34) 1.17 (1.05–1.30)**
Q3 0.97 (0.84–1.13) 1.10 (0.93–1.29) 1.03 (0.92–1.15)
Q4 (Highest) 1.07 (0.93–1.24) 0.93 (0.79–1.10) 1.01 (0.91–1.12)
Factor 4 (Carbohydrates) RR (CI) RR (CI) RR (CI)
Q1 (Lowest) 1.00 1.00 1.00
Q2 1.30 (1.12–1.50)** 1.12 (0.95–1.32) 1.22 (1.09–1.36)**
Q3 1.28 (1.10–1.49)** 1.21 (1.03–1.44)* 1.25 (1.12–1.40)**
Q4 (Highest) 1.32 (1.14–1.53)** 1.29 (1.10–1.52)** 1.31 (1.17–1.46)**

Note: Values are adjusted for age (months), sex, paternal education, exposure to second-hand smoke, body mass index z-score, energy intake, maternal age, and
gestational age. RR, relative risk; CI, confidence interval.

* <0.05, ** <0.01.
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[27], and sweets, an association with greater odds ratios
(ORs) for ADHD has been reported than for children
with a low intake of these foods. The Western food,
such as higher total fat, saturated fat, and sodium intake,
was found to increase odds ratio for ADHD [25]. The
hypothesis was that higher intake of Western food
leads to eat a higher intake of food additives, flavors,
or colors, which may change neurotransmitter function
because of poor micronutrient intake [28]. Two studies
showed that inadequate micronutrient intake was associ-
ated with increasing anxiety symptoms among children
[29] or ADHD symptom in adult cohort [30]. The
junk and snack food also have many additives and
food colorings as well as poor nutritional quality [26].
In addition, a higher junk food diet tends to contain
lower levels of fatty acid such as omega-3 and omega-6
[31]. It was reported that lower level was associated
with hyperactive children [32]. Lien et al. showed a
strong relationship between soft drink consumption
and hyperactivity among Norway adolescents [27].
They explained that substances, such as a high sugar
intake and caffeine in soft drink, may trigger mental
health problems among adolescents.

However, Mediterranean dietary patterns [6] were
inversely associated with a diagnosis of ADHD. Ríos-
Hernández, Alejandra, et al. showed the association
between ADHD diagnosis and lower intake of Mediter-
ranean dietary pattern among 9-year-old children [6]
They explained that lower plasma level of some nutri-
ents, such as iron, ferritin, and zinc, according to the
lower intake of Mediterranean dietary pattern, was
related to ADHD among children.

Recently, associations between dietary patterns and
ADHD have been investigated in studies in Asian
countries. In one study in China, preschoolers in the

highest quintile of the processed and snack food diet-
ary pattern categories had higher ORs for having
ADHD symptoms than those in the lowest quintile
after adjusting for potential confounders. Those with
the lowest score in the vegetarian category were
reported to be more likely to have ADHD symptoms
[33]. In another study in China, a dietary pattern,
involving a high intake of shellfish, deep water fish,
freshwater fish, white meat, fungi and algae, and
organ meat, and a nutrient dietary pattern with a
high intake of zinc, protein, phosphorus, selenium, cal-
cium, and riboflavin, was inversely associated with hav-
ing ADHD [34]. There are two association studies
between dietary intake and ADHD in Korean
children. S. Park et al. examined the association dietary
behaviors using 10 mini-dietary assessments for Kor-
eans and learning disabilities and related externalizing
problems including ADHD [10]. The result showed
that high intake of sweetened desserts instead of a
balanced diet and regular meals is associated with
increasing behavioral problems. Our result was consist-
ent with this because one of the risk factors on ADHD
symptom was a high intake of sweetened desserts. Woo
et al. reported that ORs for ADHD symptoms were
negatively associated with a traditional Korean dietary
pattern, involving a high intake of kimchi and grains
and a low consumption of fast foods and beverages,
in Korean children [11]. It was also consistent with
our result that a high intake of vegetables was benefi-
cially associated with the risk of ADHD. This study
explained that the traditional Korean dietary pattern,
which contained high intakes of polyunsaturated fatty
acids (PUFAs), has beneficial effects on ADHD [11].
Our result showed that the highest quartile of vegetable
groups lead to the highest PUFA intake (see Table S7).

Table 3. Associations between intake of sweets in 4-year-old children and attention deficit (AD), hyperactivity, and attention deficit
hyperactivity disorder (ADHD) symptoms in 6-year-old children (per 10 g increase).

AD symptoms Hyperactivity symptoms ADHD symptoms
Food groups Food RR (95% CI) RR (95% CI) RR (95% CI)

Chocolate Chocolate 1.15 (1.05––1.26)** 1.15 (1.04–1.27)** 1.15 (1.07–1.23)**
Fruit juice Orange juice 1.00 (0.99–1.01) 0.99 (0.98–1.01) 1.00 (0.99–1.01)

Tomato juice 0.99 (0.97–1.02) 0.95 (0.92–0.99)* 0.98 (0.96–1.00)
Other fruit juices 0.99 (0.98–1.00) 0.98 (0.96–0.99)* 0.98 (0.97–0.99)*

Ice cream Ice cream 1.00 (0.98–1.01) 0.98 (0.97–1.00) 0.99 (0.98–1.00)
Snacks Chips 1.09 (1.02–1.16)** 1.19 (1.11–1.27)** 1.13 (1.08–1.19)**

Crackers 1.05 (0.97–1.14) 1.09 (1.00–1.18)* 1.07 (1.01–1.13)*
Sweet bread Sweet bread 1.08 (1.04–1.13)** 1.04 (0.98–1.09) 1.06 (1.03–1.10)**
Sweet drinks Traditional sweet drinks 1.06 (1.00–1.12)* 1.06 (1.00–1.13)* 1.06 (1.02–1.10)**

Cocoa 1.03 (1.00–1.07)* 0.97 (0.93–1.02) 1.01 (0.98–1.04)
Soft drinks 1.00 (0.98–1.02) 1.00 (0.98–1.02) 1.00 (0.99–1.01)
Diet drinks 0.89 (0.80–0.98)* 0.95 (0.87–1.05) 0.92 (0.86–0.99)*
Sport drinks 0.98 (0.95–1.01) 1.01 (0.98–1.04) 0.99 (0.97–1.01)

Sweets Candies 0.87 (0.47–1.62) 1.33 (0.68–2.61) 1.05 (0.67–1.66)
Jam 1.16 (1.05–1.27)** 1.18 (1.07–1.31)** 1.17 (1.09–1.25)**

Note: Values are adjusted for age (months), sex, paternal education, exposure to second-hand smoke, body mass index z-score, energy intake, maternal age, and
gestational age. RR, relative risk; CI, confidence interval.

* <0.05, **<0.01.
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An association between a high sugar intake and men-
tal health in children has been reported in previous
studies. Lien et al. found an association between the con-
sumption of sugar-rich nutrients and attention and
depression issues in children [27]. An unhealthy prenatal
diet such as one high in fat and sugar is linked with
ADHD [35]. The positive association between sugar con-
sumption and ADHD was reported in a cohort study
[36] and a meta-analysis [37]. Although a high sugar-
rich intake has been constantly reported to be associated
with the risk of ADHD including our study, a more
longitudinal study should be needed to investigate a cau-
sal relationship. A key contribution of our study is to
expand the knowledge based on current studies by
reporting on the longitudinal relations of dietary pattern
at age 4 and ADHD symptom at age 6. We also found
that the association between the ‘sweet’ dietary pattern
at age 6 as well as at age 4, and attention deficit or
ADHD symptom at age 6, are consistently significant
(see Table S3 and Table S6).

There are several mechanisms concerning the associ-
ation between sugar intake and behavioral problem.
Mergenthaler et al. showed that glucose metabolism is
linked to brain activity. The review article showed the
evidence that glucose metabolism is strongly associated
with neuronal activity from functional brain imaging
[38]. High sugar intake causes high levels of insulin
secretion in the pancreas resulting in delayed hypoglyce-
mia, which stimulates an increase of epinephrine to acti-
vate neurological and behavioral disorders [39]. Other
study has shown that long-term sugar intakes cause
dopaminergic signaling dysfunction, such as a gradual
decrease in dopamine reactions. These dysfunctions are
reported to involve the frontal cortex, a direct area
responsible for the control mechanism of ADHD [36].

Our results showed protective effects between fruit
juice, including tomato juice, and hyperactivity, and
diet drinks and ADHD (see Table 3). However, we
observed opposite effects for jams. Because fruit juices
are high in fructose and jams are high in sucrose, the
difference in fructose and sucrose may raise a question
of different roles in ADHD. Jam contains much more
sugar per volume compared to fruit juice, which is
high in micronutrients such as vitamin C that is
known well to be good for mental health [40].

Diet drink in Korea contains aspartame which is an
artificial sweetener instead of sugar. There are several
studies showing the association between consumption
of aspartame and neurophysiological symptoms. How-
ever, it should be investigated more before conclusion
is reached about the association [41].

Our results showed a negative association between a
vegetable dietary pattern and ADHD symptoms. The

protective effect of vegetable and fruit intake against
ADHD symptoms has been mainly attributed to the anti-
oxidant effect of dietary polyphenols present in fruits and
vegetables [42]. Dietary polyphenol intake has been
reported to have provided positive effects on psychiatric
patients in terms of modulating behavior, mood, and
cognition [43].

This study had some limitations. First, we could not
clearly establish a causal relationship because of
additional complicating factors. For example, our study
cannot reflect a parental style and their inability to con-
trol the food intake or behavior of the child [44]. Fur-
thermore, eating large amounts of sweetened desserts
and having an unbalanced diet among children with
ADHD symptoms may be due to the children’s non-
responsiveness to their parents’ efforts to encourage
improved eating behaviors [10]. Second, childhood
behavioral problems were measured using the parental
K-ARS. Parents may have underestimated the extent of
behavioral issues in relation to their children’s conduct.
However, any misclassification would have attenuated
any association toward the null hypothesis. In addition,
there is low prevalence of ADHD in our study popu-
lation because only a few met the cutoff of clinical diag-
nosis. A recent study showed that children with
subthreshold ADHD symptoms had a higher rate of
negative behavior problems, such as deficits in cognitive,
interpersonal, and school functions, than non-ADHD
children [45].

Therefore, our result with subthreshold scores of
ADHD also merits attention. Further studies on the
association between sugar dietary intake and behavioral
problems among children regarding academic perform-
ance, attention, and learning ability are needed.

Finally, healthy children may also require higher
energy when they increase in sport and physical activity.
Therefore, when interpreting ‘energy’ intake of ADHD
children, we need to consider energy increase of normal
children when they increase physical activity.

Nevertheless, this study had several strengths. First,
our study used the dietary pattern analysis, which was
an overall consideration of diet rather than the selection
of isolated foods or nutrients. The results of the analysis
can be useful for dietary recommendations as they reflect
the effects of many foods and their combinations simul-
taneously [46]. Second, we estimated dietary patterns in
children using data from a prospective cohort study.
Therefore, we could analyze the association between
dietary patterns in 4-year-old children and ADHD
symptoms in 6-year-old children. So, one consideration
of our study was that we tried to analyze in a longitudinal
design to conclude the causal nature of ADHD instead of
a cross-sectional study. Finally, because we utilized data
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from a cohort study involving a general population of
children rather than a study of children diagnosed with
ADHD, the findings of the present study can be useful
in guiding public health policies for children.

In sum, our study showed that a sweet dietary pattern
in children at age 4 years was positively associated with
AD, hyperactivity, and ADHD symptoms at age 6
years, while a vegetable dietary pattern was negatively
associated with ADHD symptoms. Such findings can
be useful for further understanding the roles of dietary
factors in ADHD. Further studies on the effects of dietary
patterns on mental health in children are warranted.
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