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Abstract

Objective Attention Deficit/Hyperactivity Disorder (ADHD) is a common behavioral disorder among children. Based on
literature, it has been hypothesized that the higher intake of rich sources of phytochemicals may be inversely related to the
risk of ADHD. We investigated the association of dietary phytochemical index (DPI) with odds of ADHD.

Methods This case-control study was conducted on 360 children and adolescents 7—13 years old in Yazd, Iran. Subjects
were categorized into the case (n = 120) and control groups (n = 240) based on matching age and sex. To diagnose ADHD,
the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSMIV-TR) was used. Food frequency ques-
tionnaire was used to measure food intake. DPI was calculated by percent of daily energy intake from phytochemical-rich
foods. The association of DPI with the odds ratio of ADHD was examined by logistic regression.

Results Subjects in the highest quartile of DPI have higher intake of macronutrient, eicosatetraenoic acid, docosahexaenoic
acid, calcium, zinc, iron, vitamins B12, B6, and folic acid compared to lowest quartile. After adjusting for potential
confounders, subjects in the highest quartile of DPI compared with subjects in the lowest quartile showed a lower risk of
ADHD (OR: 0.44; 95% CI: 0.18-0.90). There was a significant decreasing trend in the odds of ADHD across increasing
quartile of DPI (P for trend: 0.02).

Conclusion We found that higher DPI score is associated with lower risk of ADHD in children. Cohort and clinical studies
are necessary to approve our results.

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is one of
the most common behavioral disorders in children [1].
The global prevalence of ADHD among children and
adolescents is reported to be 5% [2]. Its prevalence among
boys and girls of Iran has been estimated to be 5.03% and
2.79%, respectively [3]. The prevalence of ADHD is
increasing and imposes high socioeconomic costs on
health care as well as educational systems, and reduces
children’s quality of life [4, 5]. Although the pathogenesis
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of ADHD is not fully clear, both genetic [6] and envir-
onmental factors such as brain damage, prenatal expo-
sures, and unhealthy dietary patterns are the main risk
factors [7]. Diet modifications plus pharmacological
treatments have been proposed in the treatment of
ADHD [8].

Evidence suggested that quality of diet plays an important
role in the health status of hyperactive children [9]. Diet
modifications including low intake of refined sugars, food
additives, and allergenic foods, as well as high intake of rich
sources of antioxidants such as fruits and vegetables can
reduce severity of ADHD symptoms [10]. Phytochemicals
are health-protective compounds with antioxidant properties
and are found in high amounts in plant foods such as
vegetables, fruits, whole grains, nuts and legumes [11].
Phenolic acids, carotenoids, terpenoids, allium, and phytos-
terols are the important phytochemicals [12]. Oxidative
stress and inflammation are involved in the pathogenesis of
chronic diseases, and phytochemicals by eliminating oxidant
agents and scavenging free radicals as well as inhibiting
inflammatory markers activity can exert their protective
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effects [13, 14]. Furthermore, evidence reported the neuro-
protective properties of phytochemicals [15]. Previous stu-
dies indicated that consumption of phytochemical-rich foods
inversely is associated with severity of ADHD [16, 17].
Considering the beneficial effects of phytochemicals on
health status, the dietary phytochemical index (DPI) was
presented by McCarty [18]. Previous studies have investi-
gated the relationship between DPI and health status [19].
For example, a study found that women with higher DPI
scores had a lower risk of depression, anxiety, and psy-
chological distress [19]. Another study reported that a higher
DPI score significantly decreased risk of cardio-metabolic
disorders [20]. Evidence confirmed that oxidative stress and
inflammation are important factors in the pathogenesis of
psychiatric disorders [21].

Due to the anti-inflammatory and antioxidant properties
of phytochemical-rich foods [22], it has been hypothesized
that high DPI scores can play a protective role in the pre-
vention and management of behavioral diseases. To the best
of our knowledge, there is no study evaluating the rela-
tionship between DPI and ADHD. Moreover, the efficacy of
phytochemicals in the treatment of ADHD is not fully clear.
Accordingly, we designed the present case control study to
investigate the relationship between dietary phytochemicals
content using DPI and ADHD among school-age Iranian
children.

Materials and methods
Study design and population

In this age and gender-matched case-control study
(approved by the research council of Nutrition and Food
Security Research Center, Shahid Sadoughi University of
Medical Sciences and Health Services in Yazd, Iran), 120
primary school students diagnosed with ADHD were
recruited from two referral clinics of Shahid Sadoughi
University of Medical Sciences. Cases were assessed and
diagnosed based on Text Revision of Statistical Manual of
Mental Disorders-Fourth Edition criteria (DSM-IV TR)
[23]. For each case, two healthy controls were enrolled
from primary schools in Yazd, from the same urban
region of the cases. Exclusion criteria for controls were as
follows: adherence to a specific diet in the past year,
psychological diseases, premature, parental addiction at
birth. A total of 360 primary school students (120 students
with ADHD and 240 healthy controls) from 6 to 13 years
old were selected and their parents signed a written
informed consent approved by the ethical committee of
Shahid Sadoughi University of Medical Sciences and
Health Services in Yazd, under code: IR.SSU.SPH.
REC.1395.158.

Dietary assessment

Dietary intakes were assessed using a validated semi-
quantitative food-frequency questionnaire (FFQ) containing
186 food items [24]. The validity of the FFQ for nutrients
was confirmed in the two cohort studies in Iran [24, 25].
Questionnaires were filled in the presence of the children
and their parents by a trained nutritionist to estimate the
children’s food intake inside and outside the home. To
record the frequency of food items consumption during the
previous year, parents were asked about their children’s
intake (never, daily, weekly, monthly, and yearly). Portion
sizes were converted to grams using household scales [25].
The Nutritionist IV software was used to extract the energy
and nutrients intake.

Phytochemical index calculation

The DPI was computed based on the method presented by
McCarty in 2004 as follows: DPI = (daily energy derived
from phytochemical-rich foods (kcal)/total daily energy
intake (kcal)) x 100 [18]. Fruits, vegetables, legumes, whole
grains, nuts, soy products, seeds, and olive oil were con-
sidered as phytochemical-rich foods. The phytochemicals
content of potatoes is low and potatoes were not included.
Due to the high phytochemical content of natural fruit and
vegetable juices as well as tomato sauces, these sources of
phytochemicals were included in the fruit and vegetable
groups [26].

Anthropometric assessment

Weight was measured using the Seca scale (made in Ger-
many, with an accuracy of 100 g) with minimal clothing and
no shoes. Height was measured by a tape (with an accuracy
of 0.5cm) in standing position without shoes. Body mass
index (BMI) was calculated as weight (kg)/height squared
(m?).

ADHD detection

ADHD was diagnosed using DSM-IV TR criteria by a
pediatric neurologist [27]. Based on DSM-IV TR criteria, a
child with ADHD must have at least six symptoms of
inattention or hyperactivity—impulsivity for at least
6 months to an extent that is disruptive and inappropriate for
the person’s developmental level [27].

Assessment of other variables
General characteristics including age, medical history, cur-
rent use of medications, family history of ADHD, economic

situation, parental educational level were obtained in the
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Table 1 Characteristics of the study participants across quartiles of dietary phytochemical index also base on case and control groups.

Variable Health status dietary phytochemical index quartile

Case Control P Q1 Q2 Q3 Q4 PP
Weight (mean + SD) 28.98 +8.72  30.07 £10.05 0.32 28.53+10.36  29.89+9.64 29.94+9.64 30.46+9.14 0.59
BMI (mean + SD) 16.77+3.55 16.96 +3.61 0.64 16.49 £3.45 16.81+3.50 1698+3.75 1732+3.64 0.5
Age (mean + SD) 8.7+1.67 8.7 +£1.63 0.8 8.75+1.73 8.73+1.61 8.72+1.55 8.84+1.70 0.95
Sex 0.82 0.81
Boy (n(%)) 85 (75.2) 177 (76.3) 63 (74.1) 64 (73.6) 67 (77) 68 (79.1)
Girl (n(%)) 28 (24.8) 55 (23.7) 22 (25.9) 23 (26.4) 20 (23) 18 (20.9)
Family history of ADHD <0.001 0.33
Yes (n(%)) 19 (16.8) 0 (0) 7 (8.2) 2(2.3) 6 (6.9) 4 4.7
No (n(%)) 94 (83.2) 113 (100) 78 (91.8) 85 (97.7) 81 (93.1) 82 (95.3)
Physical activity <0.001 0.3
Than once a week 17 (15) 53 (22.8) 13 (15.3) 19 (21.8) 20 (23) 18 (20.9)
2-3 times a week 33 (23.9) 119 (51.3) 46 (54.1) 41 (47.1) 33 (37.9) 32 (37.2)
3-5 times a week 44 (38.9) 26 (11.2) 11 (12.9) 18 (20.7) 20 (23) 21 (24.4)
More than 5 times a week 19 (16.8) 34 (14.7) 15 (17.6) 9 (10.3) 14 (16.1) 15 (17.4)
Education 0.17 0.49
Low (n(%)) 66 (58.4) 114 (49.1) 44 (51.8) 53 (60.9) 44 (50.6) 39 (45.3)
Medium (n(%)) 45 (39.8) 116 (50) 40 (47) 33 (37.9) 42 (48.3) 46 (53.5)
High (n(%)) 2 (0.9) 2 (0.9) 1(1.2) 1(1.1) 1(1.1) 1(1.2)
Economical 0.56 0.93
Low (n(%)) 17 (15) 39 (16.8) 12 (14.1) 15 (17.2) 16 (18.4) 13 (15.1)
Medium (n(%)) 83 (73.5) 158 (68.1) 60 (70.6) 61 (70.1) 57 (65.5) 63 (73.3)
High (n(%)) 13 (11.5) 35 (15.1) 13 (15.3) 11 (12.6) 14 (16.1) 10 (11.6)

BMIbody mass index.

Independent ¢ test used for quantitative variable and chi-square test for qualitative variable.

®Analysis of variance for quantitative variables and chi-square test for qualitative variables.

presence of the children and their parents using a demo-
graphic questionnaire. Physical activity was assessed by a
validated questionnaire [28, 29]. The level of physical
activity was classified to less than once per week, 2-3 times
per week, 3-5 times per week, and more than 5 times per
week. Family history of ADHD and taking ADHD medi-
cations were assessed by asking questions from parents.

Statistical analysis

To compare the mean differences of quantitative and qualita-
tive variables across DPI of quartiles categories, the one-way
analysis of variance and chi-square tests were performed,
respectively. To determine the odds of ADHD in each quartile
of DPI, the binary logistic regressions were used in crude and
multivariable-adjusted models. Adjustment for confounding
variables including total energy intake, family history of, and
physical activity was performed in the first model. Additional
adjustment for BMI was done in the second model. Statistical
analysis was performed using SPSS version 23. Finally, P
value < 0.05 was considered as the significant level.
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Results
Characteristics of the study population

The characteristics of the study participants are represented
in Table 1. The mean age of the children was 8.7 years.
There was no significant difference between children with
ADHD and controls in the Parents’ educational level, eco-
nomic status, and quartiles of DPI. There were significant
differences between case and control groups in physical
activity and family history of ADHD. The family history of
ADHD in children with ADHD was higher than controls.

Dietary intakes of participants

Some food groups and nutrient intakes in quartiles of DPI are
shown in Table 2. Children in the highest quartile of DPI
compared to lowest quartile had higher intake of macro-
nutrient, eicosapentaenoic acid, docosahexaenoic acid, cal-
cium, zinc, iron, vitamin B12, B6, and folic acid. Moreover,
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Table 2 Nutrient intakes in across quartiles dietary phytochemical index.

Variable Q1 Q2 Q3 Q4 Pb
Energy intake (kcal)* 2332.55+843.29 2421.69 +802.76 2756.11 £ 653.65 2949.27 £372.52 <0.01
Carbohydrate (g) 316.94 +134.34 358.93 +144.46 489.24 £ 173.59 697.32 +233.67 <0.01
Protein (g) 74.67 +£33.86 76.36 +24.46 87.03 +28.04 117.66 +34.62 <0.01
Fat (g) 79.03 +44.33 74.02+31.99 80.41 £34.98 103.91 +43.71 <0.01
Fruits (g) 742.77 £ 525.46 1064.76 £ 584.93 1967.63 £ 906.80 2378.44 £751.19 <0.001
Vegetable (g) 172.94 +127.20 272.84 +200.36 380.20 +485.94 658.76 +952.98 <0.001
Whole grain (g) 49.33 +43.76 68.01 £56.26 70.13 £ 54.95 110.55+116.48 <0.001
Legumes (g) 28.47 £22.47 29.34 +18.85 25.59 +17.93 39.82+32.41 0.001
DHA (g) 0.01£0.01 0.02+£0.02 0.02+£0.01 0.03£0.02 0.01
EPA (g) <0.01 <0.01 <0.01 <0.01 <0.01
Calcium (mg) 809.33 £323.63 844.07 +277.19 1029.19 £333.8 1425.64 £445.3 <0.01
Zinc (mg) 7.51+3.47 8.08 +2.86 10.51£3.97 14.20+£4.70 <0.01
Iron (mg) 24.08 £ 15.94 25.52+21.42 28.34 £ 15.59 56.36 £52.97 <0.01
Vitamin B12 (pg) 3.80+3.84 3.27+3.15 5.97+6.12 10.26 £ 1.76 <0.01
Folate (ug) 264.65+119.17 327.46 +130.24 466.01 +178.63 715.72 £280.82 <0.01
Viamin B6 (mg) 1.55+0.76 1.93+0.91 1.17+£2.25 299+1.76 <0.01

ADHD attention-deficit/hyperactivity disorder, DHA docosahexaenoic acid, EPA eicosapentaenoic acid.

*Value are presented as mean + SD.

"Obtained from one-way anova.

Table 3 Odds ratio of ADHD across quartiles of dietary
phytochemical index.

Dietary phytochemical index quartile P trend

ADHD Ql Q2 Q3 Q4

Crude 1 0.67 0.75 0.43 0.02
(0.36_1.26) (0.40_1.39) (0.22_0.83)

Adjusted 1 0.80 0.72 0.44 0.03

model* (0.41_1.52) (0.32_1.41) (0.18_0.91)

Adjusted 1 0.80 0.72 0.42 0.02

model® (0.41_1.52) (0.32_1.41) (0.19_0.89)

ADHD attention-deficit/hyperactivity disorder.

Adjusted for energy intake, family history, ADHD, and physical
activity.

bAdjusted for model 1 and BMI.

These values are odds ratios (95% CIs).

intake of fruits, vegetables, whole grain, and legumes in fourth
quartile was higher than first quartile.

ADHD and DPI score

Crude and multivariate-adjusted odds ratios for ADHD
across quartiles of DPI are represented in Table 3. There
was a significant protective association between DPI and
risk of ADHD (OR: 0.79; 95% CI: 0.64-0.97) in crude
model. Moreover, a significant decreasing trend in the odds
of ADHD across increasing quartiles of the DPI (P-trend =
0.02) was observed. In addition, children in the fourth

quartile of DPI had 58% lower odds of ADHD than the first
quartile. This association remained significant after adjust-
ing potential confounders including energy intake, BMI,
family history of ADHD, physical activity, and (OR: 0.78;
95% CI. 0.61-0.98; p for trend: 0.03).

Discussion

To the best of authors’ knowledge, the present study was
the first case-control study investigating the association
between DPI and the odds of ADHD. Our findings showed
that after adjusting for potential confounders, the higher
score of DPI can decrease the odds of ADHD. Recent
studies have been examined the association between food
groups and dietary patterns with ADHD [30, 31]. Healthy
dietary patterns containing rich sources of phytochemicals
such as food grain, wheat, beans, vegetables, and fresh fruit/
vegetable juices have a protective role in ADHD [32].
Moreover, evidence suggested that higher intake of fruits
and vegetables is associated with lower risk of ADHD in
children [31, 33]. Contrary to our findings, some studies
found no association between the risk of ADHD and
“healthy” as well as “traditional” dietary patterns containing
high amounts of condiments, vegetables, tofu/soymilk,
mushrooms, fruits, vegetable oils, whole grains, legumes,
and dairy products [34, 35]. A logical reason for the dis-
crepancy between the results of these studies and our
findings is that some food groups of these patterns are not a
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phytochemical source and therefore, are not used in the
calculation of DPI. Moreover, differences in adjusted con-
founder factors between previous studies and our study,
probably is another reason for this discrepancy. There are
some hypotheses about the etiology of relation between DPI
and ADHD. Evidence showed that oxidative stress is one of
the important factors in the pathogenesis of ADHD [36]. A
meta-analysis confirmed that children with ADHD have
insufficient response to the oxidative stress [36, 37]. Phy-
tochemicals are the powerful antioxidants that can improve
oxidative stress by reducing lipid peroxidation and inhibit-
ing production of free radicals [38]. In addition, vegetables
and fruits are rich sources of vitamin C and folate as the
essential factors in the synthesis of dopamine, nor-
epinephrine, and serotonin. Studies demonstrated that chil-
dren with ADHD have decreased levels of dopamine and
norepinephrine and also disturbed catecholamine neuro-
transmission [39, 40]. As a result, children’s diet pre-
ferences may be changed [41]. The change in the eating
habits of ADHD children is a probable reason for these
results. It has been reported that phytochemicals have
multiple neurotrophic and neuroprotective roles [42]. Some
studies reported the association between ADHD and
inflammation [43-46]. Inflammatory markers such as
interleukin-1p and interleukin-6 (IL-6) can lead to neuro-
transmission changes in patients with ADHD [47]. Evi-
dence showed that polyphenols of fruits and vegetables
such as quercetin and resveratrol can reduce IL-6, TNF-q,
hs-CRP, and IL-10 levels [48-50]. Nuts, which are used in
the calculation of DPI, are important sources of omega-3
fatty acids [51]. Evidence reported that omega-3 fatty acids
are necessary for normal function of brain, and low intake
of omega-3 may contribute to the pathogenesis of ADHD
[52, 53].

The present study has several strengths. The case and
control groups were matched for age and sex. In addition,
we controlled the important confounders. We selected the
newly diagnosed children with ADHD, thereby, the chil-
dren did not change their dietary patterns. The FFQ has
been filled out by trained dietitian that was blind about the
groups of case and control. However, our study has some
limitations. First, the case-control design cannot report the
causal association between the DPI and ADHD. Second, in
the design of case—control, individual’s health status influ-
ence food intake.

In conclusion, there is an inverse relationship between
DPI score with risk of ADHD in children. To clarify our
vision, cohort and clinical studies in this field are
required.
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