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ABSTRACT

Background. Attention Deficit Hyperactivity Disorder (ADHD) is one of the most common neurodevelopmental
disorders and has a big impact on the well-being of children. The disorder can lead to noticeable functional
limitations for children and bio-ecological factors also contribute to symptoms of ADHD. We aimed to
investigate the associations between ADHD symptoms and some related bio-ecological factors including serum
ferritin, zinc levels and sensory processing in preschool-aged children.

Methods. Twenty-two children who had been referred to the division of Developmental Pediatrics because of
ADHD symptoms and 22 participants from the general pediatric outpatient clinics were included in the study.
The symptoms of ADHD were evaluated with Conners’ Parent Rating Scale-Revised Short form. Complete blood
count, serum ferritin and zinc levels were also evaluated. A blind occupational therapist implemented sensory
processing measurements. The characteristics of each participant such as prematurity, perinatal complications,
developmental practices and sociodemographic data were also considered.

Results. Sensory processing measurement analysis revealed that all Sensory Profile scores were significantly
lower in the children with ADHD symptoms compared to the control group indicating that the child shows the
behavior more than desired. The low level of zinc (p=0.026, OR=6.153, 95% CI= 1.247-30.362) and the presence
of perinatal complications (p=0.045, OR=10.864, 95% CI=1.059-111.499) increased the risk of ADHD symptom:s.
We could not find an association for ferritin levels in our study.

Conclusions. The evaluation of zinc level and sensory profile parallel to other strategies can be recommended
during the management of ADHD symptoms in preschool children.
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Attention  Deficit Hyperactivity —Disorder
(ADHD) is one of the most common

disorder can lead to low quality of life and
noticeable functional limitations for children

neurodevelopmental disorders and has a big
impact on the well-being of children.! In a recent
national study ADHD has been reported as the
most common mental disorder in children,
with an overall prevalence of 19.5% without
impairment, and 12.4% with impairment.> The
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and families.> The presentation of the disorder
is heterogeneous and the exact etiology
remains unclear.* Genetic polymorphism of
dopamine transporter and receptors play
an important role in the pathophysiology
of the disorder.>® Bio-ecological factors also
contribute to symptoms of ADHD.” Iron and
zinc metabolism are important factors that have
commonly been investigated related to ADHD
symptoms.'®" Iron is necessary for normal
myelination and neurotransmitter function in
early brain development and is stored safely in
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the body as ferritin.!! A number of studies have
indicated that children with ADHD have lower
serum ferritin levels than children developing
normally.’? Furthermore, low serum ferritin
levels have been associated with symptom
severity of ADHD." Likewise zinc levels and
their association with symptom severity of
ADHD have been investigated previously in
school aged children."* Zinc is a dopamine
transporter with inhibitor properties that are
related to stimulant medication therapies.” It
has been shown that there might be different
information processing in patients with zinc
deficient ADHD and zinc supplementation
might decrease the symptom severity of
ADHD.'*" Furthermore there are few studies
investigating the association between ADHD
symptoms and both iron and zinc metabolism
but to our knowledge ,there is no study
investigating this association in preschool-aged
children." Itisnoteworthy due to the importance
of both zinc and iron in the dopamine pathway
during this critical period.

In addition, children of these ages face multiple
stimuli from their environments and may have
difficulties processing them. A significant
overlap has been shown for ADHD and sensory
processing disorders in the literature.'® Sensory
integration has been considered as a framework
to handle and process sensory inputs from the
environment.” Sensory processing is defined
as the ability to integrate multiple sensory
information received from an individual's
environment and to create adaptive responses
to the sensory environment in order to provide
meaningful participation in the activities
of daily living. Although a relationship has
been suggested between ADHD and sensory
processing disorders in the literature, there is
little data investigating the co-occurrence of
these problems.”? It has been reported that
in one of six children with ADHD there were
sensory symptoms sufficient to adversely affect
participation in daily life.?! Some researchers
have noted that children with sensory
processing deficits have more inattention,
impulsivity, over-arousal and distractibility
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than children with normal sensory processing.’
In only one study with a sample of preschoolers
was it shown that children with higher sensory
deficits have displayed increased hyperactivity
behavior.”? Other studies were mostly in school
children and they found that children with
ADHD had more sensory processing problems
than those without ADHD.*** Although these
limited studies have indicated an association
between ADHD and sensory problems, further
studies are needed to evaluate the potential
impact of sensory processing for children with
ADHD symptoms.?

In this study, we aimed to investigate the
associations between ADHD symptoms and
some related bio-ecological factors including
serum ferritin, zinc levels and sensory
processing in preschool-aged children. Since
many environmental factors have been related
to ADHD symptoms in this age group such
as prematurity, perinatal complications,
developmental practices, sociodemographic
characteristics, these possible factors were
also addressed. Little data exists about these
problems in early childhood. We hypothesized
that behavioral symptoms of ADHD are
related to low serum ferritin and zinc levels,
and sensory deficits are higher in children
with ADHD symptoms. This is the first study
to research all these bio-ecological factors in
the same sample group, and particularly in
preschool-aged children who are in a special
sensitive period for brain development.

Material and Methods

Procedures and Participants

This cross-sectional study was conducted by
the Division of Developmental Pediatrics,
Department of Pediatrics between September
2016 and February 2017. After receiving
ethical approval (GO 16/566), from the Ethical
Committee of Hacettepe University Faculty of
Medicine, 22 children who had been referred
to the developmental pediatrics division
because of ADHD symptoms, were included
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in the study. The comparison group included
22 participants who had been admitted to the
general pediatric outpatient clinics for well-
child visits and similar in age and gender to
the children with ADHD symptoms. Each child
was examined by a pediatrician and screened
for eligibility for the study. Inclusion criteria for
the study were having normal development.
After receiving written consent from the parent/
guardian of each participant they were referred
to the division of developmental pediatrics.
The general development and behavioral
symptoms of each child were evaluated by
the developmental pediatrician with the
Denver II- Developmental Screening Test** and
Conners’ Parent Rating Scale-Revised Short
form.” Symptoms of ADHD were evaluated by
Conners” and children without developmental
delay with Denver Il were included in the study.

Blood sampling was conducted for the analysis
of complete blood count, serum zinc and
serum ferritin levels. The complete blood count
was performed with the Coulter hematology
analyzer. Serum ferritin and zinc levels were
analyzed by D-mode spectrophotometric
analysis. Serum levels of ferritin and zinc
were categorized as low and normal according
to laboratory cut-offs. All assessments were
implemented at the first appointment. A blind
occupational therapist implemented sensory
processing measurements in a few days.

Evaluation tools

The questionnaire for prematurity, perinatal
complications, developmental practices
and sociodemographic characteristics was
prepared by the study team. Developmental
practices were playing with the child (regular
or not), reading to the child (regular or not)
and screen viewing of the child (mean time/
day). The meaning of ‘regular’ was accepted
as at least once a day here. The questionnaire
also encompassed mothers’ social support
dichotomizing as ‘have’ or ‘not’. The number of
children in the family and preschool education
was also queried. Mothers were asked about
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perinatal complications whether they had a
problem during pregnancy or delivery and,
whether the baby had any postnatal medical
problems (e.g., low birth weight,
jaundice, seizures, difficulty breathing, or
hernia) and was transferred to the intensive
care unit. When the mothers answered yes for
at least one of these questions the patient was
accepted as having perinatal complications.

severe

Hollingshead Redlich Scale which was based on
the profession and training of both parents was
used to determine social economic status.?

Denver-II- Developmental Screening Test is
used to evaluate the developmental screening of
0 to 6-year-old children.?” Multiple translations
have been conducted and all demonstrated
cross-cultural reliability and wvalidity. The
original test was revised in 1990, forming the
Denver II- Developmental Screening Test and
the Turkish version was used in this study.*

Conners’ Parent Rating Scale-Revised Short
form evaluates the behavior of children as
assessed by their parents. The scale includes
4 domains including oppositional behavior,
inattentiveness, hyperactivity and ADHD
index. Higher scores indicate higher symptom
severity. The Turkish translation has good
reliability and validity, Cronbach alpha and
split-half reliability coefficients of the subscales
were between 0.73 and 0.86 and 0.72 and 0.85,
respectively. Test-retest reliability coefficients
of the subscales were between 0.56 and 0.72.>

The Sensory Profile (SP) is an occupational
therapist guided caregiver questionnaire that
determine how children between 3 and 10
years process sensory information in everyday
situations with 125 items in which parents
report the frequency of their child’s response to
items.” The frequency is determined according
to a Likert scale (1 = always: when the child
responds in the manner 100% of the time and 5
=never). The rating “always” received the lowest
score for each item because more frequent use of
the behavior is undesirable. The cross-cultural
adaptation of the questionnaire was carried out
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and Cronbach’s alpha ranged from 0.63 to 0.97
with excellent test-/re-test reliability.?

Sensory Integration and Praxis Test (SIPT) is
a standardized test battery which evaluates
sensory processing disorders in children aged
between 4 years and 8 years and 11 months.®
The test has high interrater reliability (r3.90)
and discriminates between typical and atypical
samples (p<.01). The battery can be applied by
a certified therapist and test-/re-test reliability
is high. The score is evaluated by calculating
the Z scores in a computer environment and
interpreting the results by deducing the sensory
profile of the child.*

Data analysis

Parametric tests were used for data with
normal distributions whereas non-parametric
tests were used otherwise. The normality for
numerical variables was checked by using
Kolmogorov-Smirnov test. Descriptive statistics
were expressed as mean + standard deviation or
median (min-max) according to the assumption
of normal distribution. For categorical
variables, count and percentages were used for
description. Independent samples t-test was
performed to compare the means of two groups
for normal distribution data. Non-normal data
were analyzed by using Mann-Whitney U-test.
Pearson Chi-square test, Yates” Chi-square test
or Fisher Exact tests were used to examine
the difference between groups for categorical
variables.

The relationship between symptoms of ADHD
and sensory processing measurements was
analyzed wusing the Spearman correlation
coefficient.

Logistic regression analysis was performed
to determine important risk factors for
symptoms of ADHD. Factors determined by
p<0.20 significance level in univariate analysis
were included in the model. Using the logistic
models, odds ratios (OR) and their respective
95% confidence intervals (CI) were calculated.
The backward stepwise elimination method
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was used to select significant factors. The power
analysis of the study was made with NCSS 2007
in PASS programme to compare the groups
according to Conners’ scores and obtained 93%
of power. Statistical analysis was performed
using SPSS 21 software and p<0.05 was accepted
as significant.

Results

Forty-four participants were included in the
study, 22 of them were children with ADHD
symptoms. The mean ages of the case (children
with ADHD symptoms) and control (children
without ADHD symptoms) groups were 55.3 +
7.5 months and 54.0 + 8.1 months, respectively
with a range of 48-72 months. There were no
differences in sociodemographic characteristics
between the case and control groups (p>0.05),
however perinatal complications including
pregnancy, delivery and neonatal complications
were higher in the case group than in the control
group (p= 0.039). Detailed sociodemographic
data of both groups are shown in Table L
The mean scores of all Conners’ subscales;
Oppositional (8.2 + 4.3 by comparison 3.5 + 3.2),
Cognitive Problems-Inattention (6.8 + 4.6 by
comparison 1.0 + 1.4), Hyperactivity (8.9 +4.2 by
comparison 1.9 + 2.9), ADHD index scales (18.6
+7.3 by comparison 3.7 + 3.9) were significantly
higher in the case group than in the control
group (p<0.001 for all comparisons).

Complete blood analyses were usually in the
normal range and similar in the case and control
groups (p=0.463). Children with low zinc levels
were higher in the case group (n=9, %40.9) than
in the control group (n= 3, %13.6) (p= 0.042).
Mostly children in the case (n= 14, 63.6%) and
the control (n= 13, 59.1%) group had normal
ferritin levels, and there was no significant
difference between the groups (p=0.757).

Sensory processing measurement analysis
revealed that all SP scores were significantly
lower in the case group compared to the
control group indicating that the child shows
the behavior more than desired (Table II).
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Table I. Sociodemographic characteristics of the case (children with ADHD symptoms) and control (children
without ADHD symptoms) groups.

Sociodemographic characteristic Case Control

N (%) n=22 n=22 P
Age (mean +SD) (month) 55.3+7.5 54.0 £8.1 0.455
Male 18 (81.8) 13(59.1) 0.186
Preterm 7(31.8) 3(13.6) 0.150
Perinatal complications 6(27.3) 1(4.5) 0.039
Maternal age (meanz+ SD) 332+44 30.8+5.2 0.105
Maternal education (under high school) 10(45.4) 10(45.5) 0.221
Maternal employment (housewife) 18(81.8) 19(86.4) 1.000
Paternal age (meanz+ SD) 35.8 £4.04 349+5.6 0.565
Paternal education (under high school) 8(36.4) 7(31.8) 0.267
Paternal employment (regular) 19(86.4) 16(72.7) 0.457
Married 21(95.5) 22(100) 1.000
Social support (have) 8(38.1) 11(50) 0.632
Reading book to the child (regularly) 7(31.8) 5(22.7) 0.747
Screen viewing of the child (mean +SD)(hours) 4.11+258 3.77 +2.72 0.570
Playing with the child (regularly) 7(31.8) 7(31.8) 0.252
Preschool education 12(54.5) 7(31.8) 0.223
Number of children (median)(range) 2(1-4) 2(1-3) 0.478
SES(meanz SD) 3.09+1.15 3.09 +0.81 0.806

ADHD: attention deficit hyperactivity disorder, SD: standard deviations, SES: social economic status.

Table II. Sensory profile test results of the groups.

Case group™ Control group**

Sensory profile test* (mean+SD
yP ( ) (with ADHD symptoms) (without ADHD symptoms)

Auditory processing 20.634 +4.945 31.436 + 5.043
Visual processing 27.832 +4.843 34.435 + 5.265
Vestibular processing 39.376 +5.769 48.459 + 3.634
Touch processing 61.471+12.738 79.376 + 6.487
Multisensory processing 19.482 +2.487 28.582 + 3.256
Oral processing 42.634 +7.698 50.671 + 6.112
Sensory Processing related to tone endurance/tone 34.132 +5.231 43.532 + 4.523
Modulation related to body position and movement 32.271 +5.482 42.612 +4.287
Modulation of movement affecting activity level 18.375 +3.571 24438 +4.217
Modulation of sensory input affecting emotion 12.459 +2.641 16.437 +2.653
Modulation of visual input affecting emotion 10.582 +2.781 14.659 +2.398
Emotional social responses 50.247 +9.621 69.351 +9.430
Behavioral outcomes of sensory processing 16.471 + 3.874 22.472 +2.738
Items indicating threshold of response 10.217 £3.211 12.935 £ 2.261

*Higher scores indicate better scores according to Likert scale, **: p<0. 05 for all comparisons of Sensory Profile Test scores

between the case (with ADHD symptoms) and control (without ADHD symptoms) groups, SD: Standard Deviation
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Similarly, some of the SIPT sub scores of the
case group were significantly lower than in the
control group (Table III). There was no clinically
significant association between SP, SIPT and
ADHD index scores in correlation analysis
(p>0.05). Also, there was no association between
low ferritin levels and SP and SIPT in either
group (p>0.05). However low zinc levels were
associated with the ‘Modulation of movement
affecting the activity level (p= 0.033) of SP and
the ‘Manual form perception” (p=0.001) of SPIT
in the case group.

Step-wise logistic regression analyses were
also implemented to identify the risk factors
associated with the symptoms of ADHD.
In multivariate analysis, factors determined
by p <0.20 significance level in univariate
analysis (child gender, maternal age, perinatal
complications, zinc and prematurity) were
included in the model. Finally, low zinclevel (p=
0.026, OR= 6.153, 95% CI=1.247-30.362) and the
presence of perinatal complications (p= 0.045,

Attention Deficit Hyperactivity Disorder and Related Factors

OR= 10.864, 95% CI=1.059-111.499) increased
the risk of the symptoms of the disorder.

Discussion

In this study, we identified higher sensory
deficits in children with symptoms of ADHD
and, among all possible related factors low zinc
levels and perinatal complications were found
to be associated with symptoms of ADHD.
To the best of our knowledge, this is the first
report discussing these bio-ecological factors in
the same-sample group and also in preschool
children.

Sensory processing measurements of all
participants were evaluated in the study. Sensory
Profile scores of the children with ADHD
symptoms were lower than the control group.
A theoretical overlap has been noted between
ADHD and sensory processing disorder in the
literature.'® However to our knowledge there is
only one study with a sample of preschoolers

Table III. Sensory integration and praxis test (SIPT) scores of the groups.

Case group Control group
SIPT tests (mean+SD) . .
(with ADHD symptoms) (without ADHD symptoms)

Space visualization -0.92 +0.91* -0.59 £0.78*
Figure-ground perception -0.59+1.21 -0.29+1.01
Standing and walking balance -1.74 +1.32* -1.32 +1.24*
Design copy -1.88 +1.59* -1.39 +1.49*
Postural praxis -1.52 +1.39* -1.21 +1.42%
Bilateral motor coordination -1.12+1.12 -1.81 +1.04
Praxis on verbal command -1.46 +1.87 -1.93+1.76
Constructional praxis -1.15+1.39 -1.66 +1.42
Post-rotary nystagmus -0.72 £ 1.27% -0.26 +1.32*
Motor accuracy -0.73 £ 1.29% -0.31 +1.28*
Sequencing praxis -1.23+1.14 -0.88 £1.02
Oral praxis -1.59 +1.51 -1.11+1.23
Manual form perception -1.24 +1.59 -0.81+1.52
Kinesthesia -1.43+1.71 -1.12+1.64
Finder identification -0.99+1.21 -0.61+1.19
Graphestesia -1.44+1.29 -112+1.21
Localization of tactile stimuli -0.59 +1.93 -0.53 +1.62

SIPT: Sensory Integration and Praxis Test, *: p<0. 05 for the scores of SIPT between the case (with ADHD symptoms) and
control (without ADHD symptoms) groups, SD: Standard Deviation
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and it has demonstrated that children with
more sensory deficits have displayed increased
hyperactivity behavior.?? Other limited studies
in school-aged children have also reported
that children with ADHD symptoms had more
sensory processing problems than those without
ADHD symptoms.?>** Ultimately they were
all consistent with the findings of this study.
Ferritin and zinc levels were also assessed in
relation to the SP and SIPT scores which we
did not come across in current literature. There
was an association between low zinc levels
and certain subgroups of SP and SIPT in the
children with ADHD symptoms. However,
further studies are needed to understand the
underlying mechanism in this field.

An important factor associated with symptoms
of ADHD in our study was low zinc levels.
Researchers have begun tolook atall possibilities
in the field of nutrition to better understand
and address mental health issues. Noticeable
evidence for the role of micronutrients in mental
health has come from those studies focusing on
the role of zinc in common disorders such as
ADHD. Lower zinc concentrations have been
found in children with ADHD in several studies
with the suggestion that zinc levels might be
related to the severity of symptoms.'® A review
with numerous controlled studies has reported
cross-sectional evidence of lower zinc tissue
concentrations in children with ADHD than in
control subjects and compared with population
norms.*? Consistent with these studies, it was
found that low-level zinc increased the risk of
having ADHD symptoms.

Ferritin is another widely investigated factor in
this field. Lower serum ferritin levels in children
with ADHD comparing to children with normal
development and, the associations between
low ferritin levels and symptom severity have
been reported previously.*"* Similarly, a recent
meta-analysis has indicated that children
with ADHD have lower serum ferritin levels
than children developing typically.” Although
these reports, we could not find an association
for ferritin levels in our study. However, the
previous studies were mostly in school-aged
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children. There need to be further studies with
larger samples in preschool-aged children.

Another factor associated with symptoms
of ADHD was perinatal complications
among the results. Prematurity was higher
in children with ADHD symptoms, but there
was no significant difference between the
groups. Despite a clear demonstration of the
association between prematurity and ADHD,
there remains insufficient evidence to support
a definite causal relationship.*?** It might be
biologically plausible that as there is less time
for neural development, prematurity is a risk
factor of ADHD; however it is more likely that
the underlying mechanism operates through a
variety of factors such as increased incidence
of obstetric complications which may lead to
neural insult.* Consistent with literature our
regression analysis revealed an association
between perinatal complications and symptoms
of ADHD. There has been a considerable amount
of investigation researching the association of
perinatal complications including pregnancy,
labour/delivery and neonatal complications
with ADHD. It has been reported that perinatal
complications might contribute to symptoms
of ADHD, because of the immaturity of the
central nervous system and the vulnerability
of functional abnormalities in neurological
pathways.”

Behavioral symptoms of ADHD were evaluated
in this study, it was not a diagnostic process. The
small sample size was an important limitation
of the study. However, the power analysis of
the study has demonstrated that the sample
was large enough to enable to compare the
groups according to Conners’ scores. Sensorial
evaluations were made by a blind occupational
therapist which we believe is an important
strength of the study. It was noteworthy to
implement all these measurements in the same-
sample to contribute to literature related to
preschool children with ADHD symptom:s.

In conclusion, several bio-ecological factors have
been investigated related to ADHD symptoms
in this study. Our results demonstrate that low
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zinc levels and perinatal complications were
related to symptoms of ADHD and, sensory
deficits were determined more in children
with ADHD symptoms. We could not find an
association with ferritin levels in our study
sample. The evaluation of zinc level and
sensory profile parallel to other strategies can
be recommended during the management of
ADHD symptoms in preschool children.
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